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Introduction 
Energy efficiency and performance optimization of Vapor Compression Refrigeration Systems (VCRS) 

are critical in achieving sustainable cooling solutions. With increasing environmental concerns and the 

need for energy conservation, optimizing the operation of refrigeration systems has gained significant 

attention. This project focuses on improving the efficiency of a modular VCRS system by employing 

advanced optimization techniques and experimental methodologies. 

To systematically analyze the system's performance, we used the Taguchi method for experimental 

planning. This approach allows for a structured variation of key operational parameters, reducing the 

number of experiments required while ensuring accurate results. The three critical parameters chosen 

for the study were: 

1. Evaporator mass flow rate (Low, Medium, High) 

2. Condenser mass flow rate (Low, Medium, High) 

3. Electronic Expansion Valve (EEV) Opening (Three levels) 

Furthermore, the Genetic Algorithm (GA) was applied to optimize the system by identifying the best 

parameter combinations to maximize the coefficient of performance (COP) while minimizing energy 

consumption. The experiments were conducted over a range of ambient temperatures (20°C to 45°C), 

simulating real-world conditions commonly observed in Indian climates. Additionally, a comparative 

analysis was performed for two refrigerants, R-22 and R-407C, to evaluate their performance under 

different operating conditions. 

To facilitate smooth experimental operations, modifications were made to the VCRS test setup. These 

included installing a gate valve, additional piping, and silicon tube sealing to ensure proper water flow 

in the water-cooled condenser and evaporator. These modifications were essential for maintaining 

stable operating conditions and obtaining accurate performance data. 

Through this study, we aimed to identify optimal operating conditions for enhanced system 

performance, evaluate the feasibility of alternative refrigerants, and demonstrate the effectiveness of 

optimization techniques like the Genetic Algorithm and Taguchi Method in refrigeration system 

analysis. The insights gained from this project contribute to the development of more energy-efficient 

and environmentally sustainable refrigeration systems. 

 

 

 

 



 

 

Literature review 
 

The literature search for this review was conducted using a systematic approach to identify relevant 

studies on optimization algorithms, performance evaluations on vapor compression refrigeration 

systems (VCRS), and the application of low-GWP refrigerants in refrigeration and air-conditioning. 

Academic databases such as Google Scholar, ScienceDirect, IEEE Xplore, and Web of Science were 

utilized to collect peer-reviewed articles, conference papers, and technical reports. The search strategy 

incorporated a combination of keywords and Boolean operators, including "optimization algorithms 

for VCRS," "performance evaluation of refrigeration cycles," "low-GWP refrigerants in HVAC systems," 

"genetic algorithms in refrigeration," "thermodynamic analysis of VCRS," and "energy efficiency 

improvements in refrigeration." Studies published within the last two decades were prioritized to 

ensure the inclusion of the latest advancements in optimization techniques and refrigerant transition 

strategies. Additionally, references from key review articles and seminal works in the field were 

examined to identify further relevant studies. The selection criteria focused on experimental research, 

numerical modeling, and theoretical analyses that provide insights into energy efficiency, 

thermoeconomic performance, and refrigerant transition strategies in VCRS applications . 

 

Comprehensive Review of Low-GWP Refrigerants and System 

Enhancements in Refrigeration and Air Conditioning Applications 

Global Warming Potential (GWP) and Ozone Depletion Potential (ODP) are two critical environmental 

metrics used to assess the impact of refrigerants and other greenhouse gases on climate change and 

ozone layer depletion [3]. GWP measures the relative ability of a gas to trap heat in the atmosphere 

compared to carbon dioxide (CO₂) over a specific time horizon, typically 100 years. The reference gas, 

CO₂, has a GWP of 1, meaning that gases with higher GWP values contribute more significantly to 

global warming [7]. Many hydrofluorocarbons (HFCs), hydrochlorofluorocarbons (HCFCs), and 

perfluorocarbons (PFCs) have high GWP values, making them significant contributors to climate 



 

 

change when released into the atmosphere. In contrast, low-GWP refrigerants such as hydrocarbons 

(e.g., R290 and R1270), CO₂ (R744), and hydrofluoroolefins (HFOs) like R1234yf and R1234ze are being 

increasingly adopted to mitigate environmental impact [5]. 

Ozone Depletion Potential (ODP), on the other hand, quantifies the ability of a substance to deplete 

the ozone layer compared to trichlorofluoromethane (CFC-11), which has an ODP of 1 [2]. The ozone 

layer is crucial in protecting life on Earth by absorbing harmful ultraviolet (UV) radiation from the sun. 

Substances with high ODP values, such as chlorofluorocarbons (CFCs) and HCFCs, contribute to ozone 

layer depletion, leading to increased UV radiation exposure, which can cause skin cancer, cataracts, 

and harm to ecosystems [8]. Due to the severe environmental consequences of ozone depletion, 

international agreements such as the Montreal Protocol have been implemented to phase out high-

ODP substances [6]. HCFCs like R22 have a lower ODP than CFCs but still contribute to ozone depletion 

and have been targeted for gradual phase-out under regulatory frameworks [10]. 

The transition to low-GWP and zero-ODP refrigerants is a major focus in the refrigeration and air-

conditioning industry [1]. Refrigerants such as R290 (propane), R600a (isobutane), and R744 (CO₂) have 

gained popularity due to their negligible ODP and significantly lower GWP compared to traditional 

refrigerants [4]. Additionally, HFOs such as R1234yf and R1234ze offer a promising solution by 

combining low GWP with zero ODP, making them ideal candidates for replacing high-GWP HFCs in 

various applications [9]. However, challenges such as flammability, toxicity, and compatibility with 

existing systems must be carefully managed when adopting these alternatives [12]. 

With climate change concerns intensifying, regulations like the Kigali Amendment to the Montreal 

Protocol aim to further reduce the use of high-GWP refrigerants [5]. Industries worldwide are focusing 

on improving refrigeration system efficiency, optimizing thermodynamic performance, and adopting 

sustainable refrigerants to minimize environmental impact [3]. Research and innovation in alternative 

refrigerants, advanced heat exchanger designs, and optimized system configurations continue to drive 

the transition toward environmentally friendly cooling solutions [7]. The phase-out of high-ODP and 



 

 

high-GWP substances is not only necessary for regulatory compliance but also essential for achieving 

long-term sustainability in the refrigeration and air-conditioning industry [11]. 

With the growing emphasis on reducing environmental impact, the refrigeration and air conditioning 

industry has been shifting towards low-global warming potential (GWP) refrigerants and improved 

system efficiencies [2]. Several studies have explored advancements in refrigerant alternatives, 

focusing on their thermodynamic performance, cost-effectiveness, and sustainability [6]. Additionally, 

system component enhancements, such as improved condensers and evaporators, have been 

evaluated under high ambient temperature conditions [8]. 

Under high ambient temperatures, conventional vapor compression refrigeration and air conditioning 

systems often suffer from reduced cooling capacity and efficiency [9]. Enhancing condenser 

performance can significantly improve both the cooling capacity and coefficient of performance (COP) 

[4]. This is particularly crucial in warm regions where heat rejection becomes increasingly challenging. 

Optimizing condenser fin designs, increasing heat exchanger surface areas, and employing 

microchannel condensers have been shown to enhance overall system performance [11]. 

Similarly, evaporator improvements can directly enhance cooling capacity [10]. Research suggests that 

upgrading evaporator designs can lead to a 10% improvement in cooling capacity [7]. This can be 

achieved through methods such as increasing heat transfer surface areas, enhancing airflow 

distribution, and integrating advanced evaporator coil materials [3]. These enhancements contribute 

to more effective heat absorption and ensure stable operation even in extreme temperature 

conditions [12]. 

As regulatory bodies phase out high-GWP hydrofluorocarbons (HFCs), alternative refrigerants such as 

R447B and R452B have emerged as viable replacements for R410A, a widely used refrigerant in air 

conditioning and chiller applications [6]. These low-GWP alternatives not only demonstrate efficient 

thermodynamic performance but also offer cost-effective solutions by minimizing modifications to 



 

 

existing systems [2]. Their adoption could lead to a significant reduction in greenhouse gas emissions 

while maintaining similar or improved energy efficiency levels [5]. 

Studies indicate that R447B and R452B can achieve comparable cooling capacities and COPs to R410A, 

making them strong contenders for widespread industry adoption [9]. However, safety considerations, 

including flammability and pressure characteristics, must be evaluated to ensure compatibility with 

current system designs [8]. 

Mini-split air conditioners are popular due to their efficiency and flexibility in residential and 

commercial applications [1]. The transition from HCFC and HFC refrigerants to low-GWP alternatives 

has been a focal point of research, particularly for systems operating in high ambient temperatures 

[4]. Experimental studies on these alternatives indicate that they maintain satisfactory performance 

levels while significantly lowering environmental impact [7]. 

Low-GWP refrigerants such as R32 and R290 have demonstrated superior energy efficiency and cooling 

capacities when compared to traditional refrigerants like R22 and R410A [10]. Their adoption is also 

driven by the need to comply with environmental regulations such as the Kigali Amendment to the 

Montreal Protocol [12]. Despite these benefits, factors such as material compatibility, flammability 

risks, and charge limitations must be carefully addressed before large-scale implementation [5]. 

Carbon dioxide (CO₂), designated as R744, has gained attention as a promising low-GWP refrigerant, 

particularly for commercial refrigeration applications in warm climates [8]. Unlike conventional HFCs 

and HCFCs, CO₂ has a negligible environmental footprint, making it a sustainable choice for future 

refrigeration systems [3]. Moreover, CO₂-based refrigeration systems are characterized by lower 

toxicity and minimal flammability risks, enhancing their safety profile compared to other alternatives 

[11]. 

Despite its advantages, CO₂ refrigeration systems face operational challenges, particularly under high 

ambient temperature conditions where system efficiency can decline [9]. To mitigate this, transcritical 



 

 

CO₂ systems incorporating ejectors, parallel compression, and gas coolers have been developed to 

optimize performance and improve energy efficiency in warm climates [6]. These innovations enable 

CO₂ systems to compete effectively with traditional refrigeration technologies while maintaining 

environmental benefits [2]. 

Refrigerant evaporation characteristics play a crucial role in determining system efficiency, particularly 

in high-pressure applications [7]. Studies on R1336mzz(Z) have revealed that increasing ambient 

pressure and temperature enhances heat transfer to refrigerant droplets, leading to improved 

evaporation rates [1]. However, the effect of temperature on evaporation is reduced under high-

pressure conditions, indicating the need for system design optimization to maximize heat transfer 

performance [4]. 

The shift towards low-GWP refrigerants and system enhancements represents a crucial step in 

reducing the environmental footprint of refrigeration and air-conditioning applications [5]. While 

several alternatives have demonstrated promising results in terms of efficiency, cost-effectiveness, and 

safety, continued research is necessary to refine system designs and ensure seamless integration into 

existing infrastructure [12]. As the industry progresses, adopting innovative refrigerants and optimizing 

system components will be key to achieving sustainable cooling solutions for the future [3]. 

Sustainable Alternatives to R22: Advancements in Eco-Friendly 

Refrigerants and System Optimization 

The ongoing search for environmentally friendly refrigerants has led to the development and 

evaluation of numerous alternatives to high-GWP refrigerants like R22. Various refrigerants and 

refrigerant mixtures have been analyzed in terms of their thermodynamic performance, energy 

efficiency, and environmental impact, particularly in air conditioning and refrigeration applications. 

Among the promising alternatives, R1270, RM30, and RM50 stand out as viable replacements for R22 

due to their lower environmental impact and enhanced operational efficiency across different 



 

 

conditions [15]. These refrigerants provide a substantial reduction in global warming potential (GWP) 

while maintaining or even improving system performance compared to traditional refrigerants. 

One of the most promising alternatives to R22 is RM40, a mixture composed of R1270 and R134a in a 

90:10 mass percentage ratio. RM40 has demonstrated superior thermodynamic performance 

compared to 34 other evaluated refrigerants, making it an eco-friendly solution for replacing high-

GWP refrigerants in refrigeration systems [18]. Additionally, the blend of R134a, R1270, and RE170 

(55/37.5/7.5 by mass percentage) has been identified as an efficient and sustainable refrigerant 

mixture for residential air conditioners. This blend offers a higher coefficient of performance (COP), 

lower compressor discharge temperatures, and improved energy savings while maintaining a 

significantly lower GWP than R22 [19]. 

Another promising refrigerant is R290, which has been recognized as a suitable alternative to R22 and 

R502 in commercial refrigeration and air conditioning. One of the notable advantages of R290 is its 

ability to operate at lower temperatures, which enhances compressor reliability and overall system 

safety [17]. R1270, another hydrocarbon-based refrigerant, has been identified as the most eco-

friendly replacement for R22 in bulk milk coolers due to its zero ozone depletion potential and 

negligible global warming potential [14]. This makes it a sustainable and energy-efficient option for 

refrigeration applications in the dairy industry. 

Hydrocarbon refrigerant mixtures (HCM) involving R22 and R152a have also been explored as potential 

replacements for R22. These mixtures, prepared in mass ratios of 30:70, 50:50, and 70:30, have shown 

considerable promise in reducing reliance on R22 while maintaining efficient performance in air 

conditioning systems. These hydrocarbon mixtures help mitigate environmental impacts by lowering 

both global warming and ozone depletion potential, making them a long-term solution for addressing 

climate change concerns in HVAC applications [21]. 

Low-GWP refrigerants such as R152a and R290 have also gained attention for their applications in 

combined organic Rankine cycle-vapor compression cycle (ORC-VCC) systems. Among these, R290 has 



 

 

shown the highest cooling capacity while maintaining a zero-GWP value, making it an excellent choice 

for sustainable energy solutions [22]. In air-source heat pump systems, refrigerants like R152a and 

R161 have exhibited promising results due to their superior performance characteristics and lower 

environmental footprint compared to R22 [20]. 

Another significant development in refrigerant alternatives involves R1234ze-based vapor 

compression chilled water systems, which have demonstrated the highest performance coefficient and 

the lowest annual global warming impact compared to HFCs and HCFCs in air-cooled refrigeration and 

air-conditioning applications [16]. Similarly, the replacement of R22 with R290 in window air 

conditioners has been found to improve energy efficiency by up to 20%, leading to a significant 

reduction in carbon emissions and overall environmental impact [18]. 

Among the various refrigerants analysed, R744 has emerged as the most environmentally friendly 

option, while R290 and R407C have been identified as suitable alternatives for retrofitting existing 

systems. Additionally, R290 and R134a have demonstrated superior system performance compared to 

other alternative refrigerants, making them attractive choices for both new installations and 

retrofitting projects [14]. A notable invention in refrigerant technology provides a method for directly 

filling alternative refrigerant compositions into home air-conditioning and heat pump systems without 

requiring system modifications. This innovation enables seamless transitions to lower-GWP 

refrigerants while maintaining similar thermal properties to R22 [21]. 

One of the latest refrigerant mixtures developed for R22 replacement is R1270/R227ea/DME, which 

offers comparable performance to R22 while being environmentally friendly. This mixture has been 

identified as a suitable drop-in replacement for air conditioning applications, eliminating the need for 

significant modifications to existing HVAC systems [19]. Another noteworthy alternative is R290, which 

has been widely recognized as a better refrigerant for refrigeration systems due to its excellent 

environmental and thermo-physical properties. Specially designed systems utilizing R290 have 



 

 

demonstrated potential for achieving higher COP values, further reinforcing its viability as a sustainable 

and energy-efficient refrigerant [17]. 

As the industry moves toward the adoption of lower-GWP refrigerants, the importance of performance 

evaluations and optimization strategies cannot be overlooked. Various optimization algorithms have 

been developed and applied to enhance the thermodynamic and economic performance of 

refrigeration and air conditioning systems. By integrating these algorithms, researchers and engineers 

have been able to achieve significant improvements in system efficiency, energy savings, and 

environmental sustainability [15]. The ongoing research and development efforts in this field continue 

to focus on finding refrigerants that not only meet regulatory requirements but also provide optimal 

performance under diverse operating conditions. 

Overall, the transition to environmentally friendly refrigerants represents a crucial step toward 

achieving sustainability in refrigeration and air conditioning systems. The wide range of alternative 

refrigerants and mixtures explored in this review demonstrates the industry's commitment to reducing 

the environmental impact of cooling technologies. With continued advancements in refrigerant 

formulations, system designs, and optimization techniques, the future of refrigeration and air 

conditioning is expected to be more energy-efficient, environmentally responsible, and economically 

viable [22]. The integration of innovative refrigerants, along with effective optimization strategies, will 

play a pivotal role in shaping the next generation of HVAC systems that align with global sustainability 

goals. 

The phase-out of R22 in refrigeration plants has necessitated the search for suitable alternative 

refrigerants that can match its performance while complying with environmental regulations. One of 

the most promising candidates for replacing R22 is R407C, a zeotropic mixture of hydrofluorocarbons 

(HFCs) that has been widely considered for drop-in substitution. This study evaluates the performance 

of R407C in comparison to R22 through experimental tests conducted on a vapor compression 

refrigeration plant equipped with a reciprocating semi-hermetic compressor [14]. The primary 



 

 

objective is to assess the compressor’s performance and the overall energetic efficiency of the 

refrigeration system when using R407C as a replacement for R22. 

Through experimental evaluation, it has been observed that R22 consistently outperforms R407C in 

terms of both compressor efficiency and overall system performance [16]. The superior performance 

of R22 can be attributed to the differences in the thermodynamic and mechanical characteristics of 

the refrigerants, which significantly influence the irreversibilities within the system components. The 

compression process plays a crucial role in determining the efficiency of the refrigeration cycle, and 

the study highlights that R22 benefits from better isoentropic and volumetric efficiencies compared to 

R407C [20]. These factors contribute to lower energy losses during compression, resulting in improved 

overall system efficiency. The general pressure of the evaporator for R22 is between 4.35 bar to 4.84 

bar and R407C its 3.78 bar to 4.44 bar [18]. 

Despite the observed disadvantages of R407C compared to R22, it remains a viable candidate for 

retrofitting existing systems due to its significantly lower ozone depletion potential (ODP) and 

compliance with environmental regulations such as the Montreal Protocol [21]. R22, a 

hydrochlorofluorocarbon (HCFC), is being phased out globally due to its high ODP, making the 

transition to alternative refrigerants like R407C necessary. However, the findings of this study suggest 

that while R407C is a potential replacement, system modifications and optimizations may be required 

to mitigate its performance drawbacks [22 

 

 

 

 

 

 

 

 
Figure 1: A comparison of the overall performance coefficient for R22 and 
R407C as a function of the water temperature at the outlet of the condenser. 



 

 

Optimization algorithms used in Vapor Compression Refrigeration 

Systems 

Recent advancements in optimization techniques have significantly enhanced the performance, 

efficiency, and cost-effectiveness of vapor compression refrigeration systems [24]. Various approaches, 

including genetic algorithms (GA), particle swarm optimization (PSO), self-adaptive differential 

evolution (SADE), and artificial intelligence-based models, have been employed to tackle the 

challenges associated with energy consumption, economic feasibility, and system control [30]. 

A multi-objective optimization technique using the NSGA-II algorithm has demonstrated superior 

results compared to single-objective thermodynamic and economic optimization models [27]. By 

integrating both thermodynamic and economic aspects, this approach has achieved a balanced trade-

off between cost reduction and performance improvement [33]. The optimization of vapor 

compression heat pump systems through genetic algorithms has also yielded significant energy 

savings, with reported annual reductions of 30-40% while enhancing thermoeconomic effectiveness 

[25]. 

The application of genetic algorithm-based optimization strategies has proven effective in reducing 

energy consumption and operating costs in vapor compression refrigeration cycles [31]. Compared to 

traditional on-off control methods, these strategies provide more refined operational control, leading 

to improved system performance [29]. Similarly, a model-based optimization approach has been 

proposed to minimize total operating costs while accounting for mechanical constraints, component 

interactions, environmental conditions, and cooling load variations [35]. This holistic optimization 

strategy ensures that system constraints are met without compromising efficiency. 

Another study examined the role of genetic algorithms in optimizing exergy performance by evaluating 

four conventional refrigerants under different temperature conditions [28]. The results indicate that a 

well-structured optimization approach can significantly enhance exergy efficiency while identifying the 

most suitable refrigerant for varying operational conditions [23]. Furthermore, a study employing 



 

 

particle swarm optimization (PSO) demonstrated a remarkable 30.8% reduction in energy 

consumption and a 77% improvement in the coefficient of performance (COP) in two-stage vapor 

compression refrigeration systems, outperforming GA and simulated annealing (SA) [34]. 

The development of a novel hybrid absorption/recompression refrigeration system has also shown 

promising results in terms of thermodynamic and economic performance [26]. Through optimization, 

the system achieved a reduced payback period of under four years, making it a viable alternative to 

conventional systems [32]. Moreover, artificial intelligence-based techniques, such as a single-hidden-

layer feed-forward neural network (SLFN) using the extreme learning machine (ELM), have been 

employed to model vapor compression cycles [30]. This AI-driven approach exhibits high prediction 

accuracy and robustness against input disturbances, making it an effective tool for system analysis and 

optimization [27]. 

A decentralized optimization strategy has been proposed to enhance the performance of vapor 

compression refrigeration cycles while reducing computational time [25]. Compared to traditional on-

off control and genetic algorithms, this method achieves a 1.05% reduction in energy consumption, 

indicating a step towards more efficient real-time control mechanisms [33]. Lastly, the use of a self-

adaptive differential evolution (SADE) algorithm for global optimization in refrigeration systems has 

demonstrated an average energy savings of 15.57% [28]. This method not only ensures cooling 

demand fulfillment but also provides a feasible solution for energy conservation in air-conditioning 

applications [29]. 

The integration of advanced optimization techniques in vapor compression refrigeration systems has 

led to significant improvements in energy efficiency, cost-effectiveness, and overall system 

performance [31]. Genetic algorithms, particle swarm optimization, and AI-driven approaches have 

demonstrated substantial benefits in terms of reducing energy consumption, optimizing refrigerant 

selection, and improving economic feasibility [35]. The continued exploration and refinement of these 



 

 

methods will be crucial in developing next-generation refrigeration systems that are both sustainable 

and high-performing [24]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

Work done 

Formulated a mathematical model for vapor compression 

refrigeration system (VCRS) based on a simple saturated cycle  

The vcrssimple function is designed to simulate a simple saturated vapor compression refrigeration 

system (VCRS) using R134a as the working fluid. It determines essential thermodynamic properties 

such as enthalpy, entropy, specific heat capacity, mass flow rate, heat loads, and the coefficient of 

performance (COP) using data retrieved from the CoolProp library via Python. The function takes as 

input the condenser pressure, evaporator pressure, cooling capacity, and compressor efficiency to 

estimate system performance. 

Input Parameters: 

Condenser Pressure (Pc) 

o The high-pressure side of the refrigeration cycle, where the refrigerant releases heat 

and condenses. 

o Given in bar but converted to Pascals (Pa) for calculations. 

Evaporator Pressure (Pe) 

o The low-pressure side of the refrigeration cycle, where the refrigerant absorbs heat 

and evaporates. 

o Also given in bar and converted to Pa. 

Cooling Capacity (Qcap) 

o The refrigeration load in tons of refrigeration (TR), representing the amount of heat 

removed from the cooled space. 

o Converted to kilowatts (kW) for energy calculations. 

Compressor Efficiency (effC) 

o The isentropic efficiency of the compressor, representing how effectively it 

compresses the refrigerant. 



 

 

o Used to determine the actual work input and power consumption. 

Key Calculations: 

Saturation Temperatures and Enthalpies 

o The function determines the saturated temperatures at the evaporator and condenser 

pressures. 

o It also retrieves the enthalpy of saturated vapor at the evaporator and the enthalpy of 

saturated liquid at the condenser. 

o The enthalpy after expansion (h4) is assumed to be the same as the enthalpy of liquid 

leaving the condenser (h3), assuming isenthalpic expansion. 

Entropy and Specific Heat Capacity 

o The entropy of saturated vapor at the evaporator pressure is calculated. 

o The specific heat capacities at constant pressure are retrieved for both the evaporator 

and condenser conditions. 

o The function also finds the entropy of saturated vapor at the condenser pressure, 

which is used for isentropic compression calculations. 

Isentropic Compression and Actual Compressor Exit Temperature 

o Using entropy relations, the function estimates the isentropic exit temperature of the 

refrigerant at the compressor outlet. 

o This value is then corrected using the compressor efficiency to determine the actual 

temperature at the compressor exit. 

Enthalpy at the Compressor Exit 

o The function retrieves the enthalpy of saturated vapor at the condenser pressure. 

o It then adjusts this value based on the temperature rise from compression to 

determine the actual enthalpy at the compressor exit. 



 

 

Mass Flow Rate Calculation 

o The mass flow rate of the refrigerant is determined based on the cooling capacity and 

the enthalpy difference between the evaporator inlet and outlet. 

o This provides an estimate of the refrigerant circulation rate required to achieve the 

desired cooling effect. 

Heat Load and Performance Metrics 

o The cooling load (heat absorbed in the evaporator) is calculated using the mass flow 

rate and enthalpy difference. 

o The heat rejected in the condenser is determined based on the enthalpy difference 

across the condenser. 

o The work input to the compressor is calculated as the difference between the 

enthalpies at the compressor inlet and exit. 

o The coefficient of performance (COP) is computed as the ratio of the cooling capacity 

to the work input, representing the system’s efficiency. 

 

 

Output Parameters: 

Cooling Load (Q1) [kW] 

o Represents the heat absorbed in the evaporator (cooling effect). 

Heat Rejection (Q2) [kW] 

o The amount of heat released to the surroundings in the condenser. 

Compressor Work (Q3) [kW] 

o The work required to compress the refrigerant from the evaporator pressure to the 

condenser pressure. 



 

 

Coefficient of Performance (COP) [Q4] 

o A performance measure indicating system efficiency, calculated as the cooling load 

divided by the compressor work. 

Mass Flow Rate (mr) [kg/s] 

o The refrigerant flow rate required to achieve the given cooling capacity. 

Summary: 
This function provides a thermodynamic simulation of a basic vapor compression refrigeration system, 

enabling an analysis of energy consumption, system performance, and efficiency. It helps in optimizing 

system parameters by providing insights into heat loads, power requirements, and the impact of 

compressor efficiency on overall performance. The integration of CoolProp ensures accurate 

thermodynamic property estimation, making the function a useful tool for refrigeration system 

analysis. 

 



 

 

Flowchart for the Mathematical Model 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: Mathematical Model Flow chart 



 

 

Utilized a robust dataset covering diverse ambient conditions and 

degrees of subcooling to enhance the models accuracy and reliability .  

In the vcrssimple function, the ambient temperature is varied between 20°C and 45°C, which aligns 

with typical climatic conditions in India. This temperature range is selected to analyze the impact of 

environmental variations on the performance of a vapor compression refrigeration system (VCRS). The 

study is conducted for two different refrigerants, R22 and R407C, at two distinct evaporator pressures 

(1.49 bar and 4.011 bar) to observe the system's behavior under different operating conditions. 

 

Purpose of Ambient Temperature Variation: 

The ambient temperature plays a crucial role in determining the condenser performance, which 

directly affects the system’s overall efficiency. In refrigeration and air-conditioning systems, the 

condenser rejects heat to the surrounding environment. As the ambient temperature increases, the 

condenser pressure and temperature also rise, leading to: 

o Higher compressor power consumption 

o Lower coefficient of performance (COP) 

o Reduced refrigeration effect 

o Increased heat rejection load on the condenser 

By varying the ambient temperature, the study aims to assess these effects and identify the refrigerant 

that performs best under Indian climatic conditions. 

Selection of Refrigerants (R22 and R407C): 

R22: A widely used refrigerant in older air-conditioning and refrigeration systems. It has good 

thermodynamic properties but is being phased out due to its ozone depletion potential (ODP) and high 

global warming potential (GWP). 

R407C: A replacement for R22, with zero ODP and lower GWP. However, it exhibits temperature glide, 

which may impact heat exchanger performance. 



 

 

By comparing these refrigerants, the study evaluates whether R407C can serve as an efficient 

alternative to R22 under varying climatic conditions. 

 

Evaporator Pressure Variation (1.49 bar and 4.011 bar) and evaporator temperature (-30 degree 

Celsius to -5 degree Celsius ) : 

The two evaporator pressures represent different operating conditions: 

1.49 bar corresponds to low-temperature applications, such as freezing and deep refrigeration. 

4.011 bar represents higher-temperature applications, such as air-conditioning and standard cooling. 

These pressures are chosen to analyze the refrigerants' behavior in both low- and medium-

temperature applications, providing insights into their suitability for different cooling needs. 

 

 

 

 

 

 

 

                   

     

     

     

     

     

     

     

     

     

                

 
  
  
  
  
 
 
  
  
 
  
  
  
  
  

  

                         

                        

                          

Figure 3: Variation of Capacity with increase in Ambient temperature 



 

 

 

 

 

 

 

 

 

Genetic algorithm implementation 

Population Size and Generations 

• The population size defines the number of possible solutions (candidates) evaluated 

in each iteration of the algorithm. A larger population size increases the diversity of 

solutions and improves the chances of finding an optimal solution. 

• The number of generations determines how many iterations the algorithm will 

perform. With more generations, the algorithm refines the solutions gradually, 

selecting better candidates in each iteration. 

Objective Function for Multi-Objective Optimization 

• The GA was set up to optimize multiple objectives simultaneously, such as minimizing 

energy consumption while maximizing system efficiency. 

• The optimization function considers variables such as refrigerant properties, 

thermodynamic parameters, and environmental conditions. 

 

    

    

    

    

    

    

    

    

    

    

    

                

  
  

  
  

  
 
  
 
  
  
  

  
  

                         

                                    

                             

Figure 4: Variation of Coefficient of Performance with variation in ambient conditions 



 

 

Constraints and Variable Boundaries 

• The ambient temperature range was set between 20°C and 45°C, aligning with Indian 

climatic conditions. 

• The evaporator pressure was varied between two pressure levels, covering a practical 

operating range. 

• These constraints ensure that the optimization remains within realistic and achievable 

operational limits. 

Selection of Optimization Algorithm and Plotting Pareto Front 

• A multi-objective GA was employed, which helps in finding a Pareto-optimal front—a 

set of solutions where one objective cannot be improved without negatively affecting 

the other. 

• A Pareto front plot was generated to visualize the trade-off between conflicting 

objectives, helping in selecting the most efficient system parameters 

Summary and Discussion: 

The application of genetic algorithm (GA) optimization to the performance analysis of R-22 

and R-407C refrigerants in a vapor compression refrigeration system (VCRS) provided 

significant insights into system efficiency. The GA was used to optimize key performance 

parameters, including mass flow rate and coefficient of performance (COP), across a range of 

operating conditions. The results confirm that R-22 consistently outperforms R-407C, 

although R-407C remains a feasible alternative with proper optimization. 

 



 

 

1. Optimized Mass Flow Rate 

The GA optimization results indicate that R-22 requires a lower mass flow rate than R-407C 

under all optimized conditions. Specifically: 

• The optimized mass flow rate for R-22 was found to be 2.78% to 4.24% lower 

compared to R-407C within the tested capacity range of 1 TR to 10 TR. 

• The reduced mass flow rate minimizes compressor workload and power consumption, 

leading to higher energy efficiency. 

The optimization process considered the thermodynamic properties of each refrigerant, 

including their latent heat of vaporization and enthalpy differences, to determine the most 

efficient operating conditions. The GA successfully identified that R-22’s higher latent heat 

allows for lower refrigerant flow rates while maintaining the same cooling capacity, whereas 

R-407C requires a higher mass flow rate to achieve similar cooling performance. 

2. Optimized Coefficient of Performance (COP) 

The GA-based optimization also identified the most efficient COP values for both refrigerants, 

ensuring that the system operates at peak efficiency under varying conditions. The results 

show that: 

• R-22 achieves a COP that is 13.48% to 15.19% higher than R-407C across all tested 

capacities. 

• The optimization process effectively minimized energy consumption while maximizing 

cooling performance, reinforcing the superior efficiency of R-22. 

Through multi-objective optimization, the GA balanced energy efficiency and system 

constraints, identifying that R-22 benefits from its superior thermodynamic characteristics to 



 

 

achieve a higher COP with lower compressor work input. In contrast, R-407C, though slightly 

less efficient, can still provide acceptable performance when optimized for specific conditions. 

3. Feasibility of R-407C with Genetic Optimization 

Despite R-22's superior performance, GA-based optimization results suggest that R-407C can 

be effectively optimized to function as a viable alternative. 

• The optimization process identified operational settings that enhance R-407C’s 

performance, allowing it to approach R-22’s efficiency levels within practical limits. 

• While R-407C still requires higher mass flow rates, optimized control parameters 

helped reduce its performance gap relative to R-22. 

• The GA results reinforce that with system modifications, such as improved heat 

exchanger design and adaptive control mechanisms, R-407C can be a sustainable 

substitute for R-22 while complying with environmental regulations. 

4. Impact of Operating Conditions on Optimized Performance 

The GA was applied to optimize the system under varying ambient temperatures (20°C to 

45°C) and evaporator pressures (1.49 bar and 4.011 bar), simulating real-world Indian climatic 

conditions. The key observations include: 

• Both refrigerants show performance degradation at higher ambient temperatures, but 

GA optimization mitigated these losses by adjusting system parameters dynamically. 

• The relative performance difference between R-22 and R-407C remained consistent, 

even in extreme temperature conditions, validating the robustness of the optimization 

model. 



 

 

• The GA effectively adjusted evaporator and condenser pressures, refrigerant flow 

rates, and superheating conditions to achieve optimal efficiency across different 

climate conditions. 

 

Summary: 

The application of genetic algorithm optimization successfully enhanced the performance of 

the vapor compression refrigeration system by identifying the most efficient operating 

conditions for both refrigerants. The results confirm that R-22 remains the superior 

refrigerant, achieving lower mass flow rates and higher COP under all optimized conditions. 

However, GA optimization significantly improved R-407C’s performance, demonstrating that 

it can serve as an effective alternative to R-22 with proper system adjustments. 

The findings emphasize the potential of AI-driven optimization techniques in refrigeration 

systems, enabling more energy-efficient, cost-effective, and environmentally sustainable 

solutions in future HVAC applications. 

 

Figure 5: Multi-objective optimisation pareto-front for R22 and R407C 
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Figure 7: Comparative variation in Flow rate and COP for R22 and R407C with respect to capacity 
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Figure 6: Multi-objective optimisation pareto-front for R22 and R407C for varying Capacity 



 

 

Multi-objective Genetic algorithm flowchart  

 

Figure 8L Multi-objective Genetic algorithm flow chart 

  



 

 

Experimental Work 

Experimental setup 

 

 

 

 

 

 

 

 

We conducted initial experiments on the modular VCRS system to assess its performance and identify 

necessary modifications for optimal operation. During these trials, we observed that maintaining a 

consistent flow of running water in the water-cooled condenser and evaporator was essential for 

achieving stable system performance. 

To address this requirement, several modifications were made to the experimental setup, including: 

• Installation of a gate valve to regulate water flow effectively. 

• Addition of pipes and silicon tubing to ensure proper sealing and prevent leakage in the 

condenser and evaporator. 

• Enhanced sealing of the heat exchangers to improve system efficiency and maintain desired 

thermal conditions. 

These modifications significantly improved the operational stability of the setup. A comparative 

analysis of system performance before and after these changes is illustrated in the figure below. 

Figure 9: Experimental Setup Schematic Diagram 



 

 

 

 

 

                                                                          

 

 

                                                               

Figure 10: Initial Experimental Setup 

Figure 11: Modified Water cooled condensor and evaporator with flow meters 



 

 

Experimental planning and implementation of Taguchi method  

For the experimental planning, we employed the Taguchi method, a robust design approach used to 

optimize processes by systematically varying key parameters. This method helps in identifying the most 

influential factors affecting system performance while minimizing the number of required 

experiments. 

In our study, we selected three critical parameters, each with three levels, ensuring a comprehensive 

analysis of the system's behavior under different conditions. The parameters and their corresponding 

levels were: 

1. Evaporator mass flow rate – Low, Medium, High 

2. Condenser mass flow rate – Low, Medium, High 

3. Electronic Expansion Valve (EEV) Opening – Three different openings  

By applying the Taguchi experimental design, we effectively structured our test matrix, reducing 

experimental effort while maximizing the accuracy of performance assessment. This method allowed 

us to systematically analyze the impact of each parameter on the overall efficiency of the vapor 

compression refrigeration system (VCRS) and optimize its operational settings for enhanced 

performance. 

During the experiments performed the mass flow rates range for both evaporator and condenser were 

kept at 350 , 500 , 750 LPH , and for expansion valve opening it was 10 , 15 , 30 percent openings .  

 

 

 

 

 



 

 

Taguchi matrix  
Table 1 : Taguchi Matrix for 9 Set of experiments 

 v           ss fl w      

                   L H  

   d  s     ss fl w      

                  L H  

 x   s    v lv          

                     %  

350 350    

350        

350        

500        

500        

500        

750        

750        

750        

 

 

 

 

 

 

 

 

 

 



 

 

Expenditure Summary 
Table 2: Expenditure detailed summary 

 

 

 

S. No Item Head Qty Unit price 

(Rs.) 

Total  

(Rs.) 

Justification 

A Non-recurring (Capital Items)         

  

  

  

  

  

  

1 

Permanent 

Equipment 

Hermetically sealed compressor for R22 

and R407 

2 10,000 20,000.00 Specific compressor 

required for R22 and 

R407 . 

Tubing for refrigerant   5,000 5,000.00 Special tubing 

required to attach 

several modules 

Electronic components like switch, wires 

etc .  

 
5,000 5,000.00 By design 

       

2 Fabrication cost  Fabrication and assembly of compressor 

module on existing system . 

   5,000 5,000.00 By design 

  Subtotal A(capital items) 35,000.00   

B Recurring Items (General) 
  

1 Refrigerant cans  R22 and R407 

refrigerant can  

  5,000.00 Experimental 

consumable 

2 Contingencies       5,000.00 Outsourcing 

3 Travel and 

Transportation 

expenses for the project 

(Field visits, Local 

travelling, Conference, 

etc.) 

    2,500.00 Local conveyance 

4 Stationary Paper, printing charges, 

report binding charges 

    2,500.00 Documentation 

  Subtotal B (General) 15,000.00   

C Total cost of the project (A+B) 50,000.00   

                                                                                                    (Rs. Fifty thousand Only)   



 

 

Final Conclusion: 
This study successfully optimized the performance of a Vapor Compression Refrigeration System 

(VCRS) using advanced methodologies, including the Genetic Algorithm (GA) and the Taguchi Method 

for experimental design. By systematically varying key operational parameters—evaporator mass flow 

rate, condenser mass flow rate, and electronic expansion valve (EEV) opening—the study provided a 

comprehensive analysis of the system’s efficiency across different operating conditions. 

The results indicated that R-22 outperformed R-407C in terms of both mass flow rate and coefficient 

of performance (COP), making it a more efficient choice. However, R-407C remains a viable alternative, 

delivering comparable performance while aligning with environmental regulations that phase out R-

22. The Genetic Algorithm proved to be an effective optimization tool, identifying optimal parameter 

combinations that minimized energy consumption and maximized performance. 

Furthermore, essential modifications to the VCRS setup—including the installation of a gate valve, 

additional piping, and silicon tube sealing—ensured a stable experimental environment. This enabled 

accurate performance evaluation under varying ambient temperatures (20°C to 45°C), simulating real-

world Indian climate conditions. 

Overall, this project demonstrated the effectiveness of optimization techniques in refrigeration system 

analysis and contributed valuable insights into energy-efficient operation and refrigerant selection. The 

findings can be instrumental in designing next-generation refrigeration systems that are both cost-

effective and environmentally sustainable. Future work can explore hybrid refrigeration systems, 

machine learning-based optimization, and real-time adaptive control strategies to further enhance 

system performance. 
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