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Introduction

For decades, the world's top priorities have been addressing environmental concerns and finding ways to reduce energy consumption. The rising cost of energy and the threat of climate change have recently heightened this worry. Moreover seven percent [START_REF] Morlet | The impact of the refrigeration sector on climate change[END_REF] of the world's greenhouse gas (GHG) emissions in 2014 came from the cooling industry. And this amount has risen to more than 10% in 2020 [START_REF] Dong | Greenhouse Gas Emissions from Air Conditioning and Refrigeration Service Expansion in Developing Countries[END_REF]. Prioritizing strategies to tackle pressing issues is crucial for a secure and sustainable future. Energy-efficient systems and natural working fluids are effective solutions, leading to advanced vapor compression technology research [START_REF] Flerlage | A review of bottom-up and top-down emission estimates of hydrofluorocarbons (HFCs) in different parts of the world[END_REF]. Advanced vapor compression systems utilize multiple components for efficient heat transfer and performance enhancement, but design challenges persist. Progress in transcritical vapour compression devices is ongoing, with studies focusing on carbon dioxide ejector refrigeration systems. Advanced vapor compression systems utilize multiple components for efficient heat transfer and performance enhancement, but design challenges persist. Progress in transcritical vapour compression devices is ongoing, with studies focusing on carbon dioxide ejector refrigeration systems. Using traditional and advanced exergetics, Yang et al. [START_REF] Yang | Exergy destruction characteristics of a carbon dioxide two-stage compression/ejector refrigeration system for low-temperature cold storage[END_REF] analysed the efficiency of a brand-new CO 2 ejector refrigeration system. The ejector, expansion valve, and evaporator were identified as the system's primary optimization targets. When the ejector expansion cycle was applied, the coefficient of performance rose by as much as 47 percent, according to research conducted by Caliskan and Ersoy [START_REF] Caliskan | Energy analysis and performance comparison of transcritical CO 2 supermarket refrigeration cycles[END_REF]. The ejector was shown to be useful by Zhang and Luo [START_REF] Zhang | Thermodynamic analysis and multi-objective optimization of a transcritical CO 2 waste heat recovery system for cruise ship application[END_REF] in enhancing the efficiency of the transcritical CO 2 cycle. Song and Ma [START_REF] Song | Review on the simulation models of the two-phase-ejector used in the transcritical carbon dioxide systems[END_REF] systematically presented and classified the most recent simulation methods for two-phase ejectors. Santini and Di Battista [START_REF] Santini | Transcritical CO 2 Refrigeration Plants: Experimental Campaign and Model-Based Evaluations of New Technologies[END_REF] published an experiment showing that ejectors improve the efficiency of CO 2 cooling systems, and [START_REF] Manjili | Performance of a new two-stage transcritical CO 2 refrigeration cycle with two ejectors[END_REF] describes a new two-stage transcritical CO 2 refrigeration cycle with two ejectors and two compressors. When compared to traditional refrigeration systems, researchers determined that the new technology is 20-80 percent more energy efficient [START_REF] Yang | Research and application progress of transcritical CO 2 refrigeration cycle system: A review[END_REF]. Using experiments, Nebot-Andrés and Sánchez [START_REF] Nebot-Andrés | Experimental determination of the optimum intermediate and gas-cooler pressures of a commercial transcritical CO 2 refrigeration plant with parallel compression[END_REF] determined that the COP of a commercial CO 2 transcritical refrigeration system with parallel compression is maximised at a specific pressure of the gas cooler. Under the parameters specified, Liu and Liu [START_REF] Liu | Theoretical analysis on a novel two-stage compression transcritical CO 2 dual-evaporator refrigeration cycle with an ejector[END_REF] showed that the energy and exergetic efficiency of a new transcritical CO 2 refrigeration cycle with twin injection evaporators improved. In their studies of numerous CO 2 refrigeration systems, Sun and Wang [START_REF] Sun | Performance optimizations of the transcritical CO 2 two-stage compression refrigeration system and influences of the auxiliary gas cooler[END_REF] and

Liu and Yu [START_REF] Liu | Performance analysis of a modified dual-ejector and dualevaporator transcritical CO 2 refrigeration cycle supermarket application[END_REF][START_REF] Liu | Conventional and advanced exergy analyses of transcritical CO 2 ejector refrigeration system equipped with thermoelectric subcooler[END_REF] found that the ejector was responsible for the vast bulk of the refrigeration cycle's exergy destruction. Elbarghthi and Hafner [START_REF] Elbarghthi | An experimental study of an ejector-boosted transcritical R744 refrigeration system including an exergy analysis[END_REF] tested CO 2 ejector transcritical refrigeration systems, evaluating impacts under various conditions. Analyses identified energy losses, improving efficiency and environmental friendliness. Liu et al. [START_REF] Liu | Alternative positions of internal heat exchanger for CO 2 booster refrigeration system: Thermodynamic analysis and annual thermal performance evaluation[END_REF] looked at how the location of the heat exchanger affected the coefficient of performance (COP) and the amount of energy that three CO 2 booster refrigeration systems used each year.

Through the use of an expander and a throttling valve, we compared the efficiency of the transcritical CO 2 refrigeration cycle with and without an internal heat exchanger. Joneydi et al. [START_REF] Shariatzadeh | Comparison of transcritical CO 2 refrigeration cycle with expander and throttling valve including/excluding internal heat exchanger: Exergy and energy points of view[END_REF] found that installing an internal heat exchanger enhanced the system's functionality.

The transcritical refrigeration cycle with an ejector and an internal heat exchanger was enhanced by Nemati et al. [START_REF] Nemati | A comparison of refrigerants in a two-stage ejectorexpansion transcritical refrigeration cycle based on exergoeconomic and environmental analysis[END_REF] by taking into account important choice factors like outlet gas cooler and evaporator temperatures. To lessen exergy degradation and boost system performance, Huang et al. [START_REF] Huang | Analysis of a novel combined cooling and power system by integrating of supercritical CO 2 Brayton cycle and transcritical ejector refrigeration cycle[END_REF] looked into how to combine transcritical ejector refrigeration and supercritical CO 2 Brayton cycles with a heat exchanger to slow down the loss of exergy and improve system performance. Many CO 2 supermarket refrigeration cycles were examined by Gullo et al. [START_REF] Gullo | Energy and environmental performance assessment of R744 booster supermarket refrigeration systems operating in warm climates[END_REF] who discovered that cycles with parallel compression worked well for outdoor temperatures as high as 33°C. A two-stage modified compression cycle that included solar absorption and a parallel compression was proposed by Sun et al. [START_REF] Sun | study on a novel CO 2 Two-stage compression refrigeration system with parallel compression and solar absorption partial cascade refrigeration system[END_REF], who also observed a considerable increase in COP. Ierin et al. [START_REF] Ierin | Hybrid two-stage СО 2 transcritical mechanical compression ejector cooling cycle: Thermodynamic analysis and optimization[END_REF] use recuperator techniques to increase cooling capacity and reduce compressor work in efficient, environmentally friendly refrigeration systems. Purjam et al. [START_REF] Purjam | Thermodynamic modeling of an improved transcritical carbon dioxide cycle with ejector: Aiming low-temperature refrigeration[END_REF] presented a new system that includes an evaporator, two gas coolers, an ejector, and two compressors and exhibited reasonable energy performance and a lower compression ratio. Zeng et al. [START_REF] Zeng | Thermodynamic analysis of a novel multi-target temperature transcritical CO 2 ejector-expansion refrigeration cycle with vapor-injection[END_REF] developed a novel ejector expansion refrigeration cycle for enhanced natural fluid CO 2 performance. A transcritical CO 2 multi-ejector refrigeration system's dynamic reaction to different regulatory parameters was investigated. Modifying expansion valve opening, ejector combination, and heat exchanger water flow improved system ejector parameters [START_REF] Xiong | Dynamic simulation study on regulation characteristics of transcritical CO 2 multi-ejector refrigeration system[END_REF]. Surwase et al. [START_REF] Surwase | Performance evaluation of an ejector based transcritical R744 refrigeration system with evaporative gas cooler[END_REF] found that evaporative gas coolers significantly improve ejector-based transcritical refrigeration system performance, reducing COP and increasing entrainment ratio, highlighting the potential for innovative design and configuration improvements.

The literature review suggests using an ejector in CO 2 transcritical refrigeration cycles as an energy-saving strategy. The study analyzes the performance of two-stage NEETR cycles using the Non-dominated Sort Genetic Algorithm-II (NSGA-II) method. Optimizing refrigeration systems is a difficult and time-consuming task due to the presence of multimodal, non-linear challenges. Optimization approaches like Particle Swarm Optimization (PSO) and Genetic Algorithms (GA) are popular for optimal performance in refrigeration systems, such as parallel compression transcritical CO 2 cycles. The GA, created by John Holland based on Darwin's theory of the survival of the fittest, has also been successfully used to resolve optimization and search issues [START_REF] Holland | Genetic algorithms[END_REF]. Several GA variations, such as self-adaptive GA [START_REF] Oh | Application of heuristic algorithms for design optimization of industrial heat pump[END_REF][START_REF] Sayyaadi | Multi-objective optimization of a cooling tower assisted vapor compression refrigeration system[END_REF], multi-phase GA [START_REF] Alessandro | A multi-phase genetic algorithm for the management of multi-chiller systems[END_REF], multi-objective GA (MOGA) [START_REF] Aminyavari | Exergetic, economic and environmental (3E) analyses, and multi-objective optimization of a CO 2 /NH 3 cascade refrigeration system[END_REF], and the non-dominated sorting genetic algorithm II (NSGA-II) [START_REF] Asgari | Parametric assessment and multiobjective optimization of an internal auto-cascade refrigeration cycle based on advanced exergy and exergoeconomic concepts[END_REF][START_REF] Sinan | Comparative investigation and multi objective design optimization of a cascaded vapor compression absorption refrigeration system operating with different refrigerants in the vapor compression cycle[END_REF][START_REF] Vaibhav | Performance analysis and multi-objective optimization of cooling tower assisted vapor compression-absorption cascaded and hybrid refrigeration systems[END_REF], have been used in the field of refrigeration system research to improve system performance.

The current research aims to evaluate the efficiency of an innovative transcritical vapour compression cycle that incorporates an ejector, a booster, and an internal heat exchanger. Due to the paucity of studies on vapor compression CO 2 systems combined with a booster, ejector, and internal heat exchanger, this innovative configuration has to be thoroughly investigated and optimized. The major goal is to demonstrate how the modified cycle, which tries to lessen compressor work and provide a subcooling effect, can save energy. The ejector is used to draw the vapor from the gas cooler into the system using expansion work. Along with the internal heat exchanger, it can also function as a regular expansion valve to provide subcooling. The investigation's main objective is to examine the cycle's thermodynamic properties under a variety of operating conditions, including gas cooler pressure, supercharger pressure, evaporating temperature, and gas cooler outlet temperature. A performance evaluation is also done using the NSGA-II method. This compares the modified cycle to the transcritical cooling cycles with a two-stage ejector expansion that Nemati et al. [START_REF] Nemati | A comparison of refrigerants in a two-stage ejectorexpansion transcritical refrigeration cycle based on exergoeconomic and environmental analysis[END_REF] looked into. Additionally, this study will focus on improving vapor compression refrigeration systems that use CO 2 as the working fluid by providing insightful knowledge and practical advice.

Description of the Proposed Cycle

The Non-Equilibrium Expansion Transcritical Refrigeration (NEETR) cycle's schematic setup and related T-s diagram are shown in Figure 1. Superheated refrigerant enters the first compressor at state 1 to start the cycle. After going through the first compressor, the refrigerant pressure is subsequently raised to the inter-stage pressure (P i ). The refrigerant passes through the intercooler and is cooled at a consistent pressure before entering the second compressor. The second compressor then sends the high pressure, high temperature refrigerant to the gas cooler, where it loses heat while maintaining a constant pressure. The motive nozzle of the ejector helps the refrigerant expand into the primary flow after it has Overall, the simulation and analysis steps performed during the study of the NEETR cycle are presented in Table 1. 

The Simulation and Mathematical Modeling

This section explores the application of simulation techniques and mathematical modelling to the carbon dioxide ejector expansion transcritical refrigeration system. By employing sophisticated tools such as ANOVA (Analysis of Variance) and NSGA-II (Non-dominated Sorting Genetic Algorithm II), the system's performance and efficiency are optimized while considering various operating parameters. The simulations and mathematical models presented here serve as the foundation for understanding the system's behavior, guiding the subsequent optimization process, and making informed decisions to enhance its overall sustainability and eco-friendliness.

The Ejector's Model

By applying the principles of energy and momentum conservation, it is possible to identify the ejector outlet's condition parameters and its functionality. Table 2 outlines the equations used in the modelling of the two-phase ejector, which is a critical component of the NEETR cycle.

Table 2-The ejector's mathematical relations.

Parameter Formulae

Entrainment ratio in the ejctor ̇ ̇ Pressure lifting ratio in the ejector ⁄

Isentropic efficiency of motive nozzle

Balance of energy between the nozzle and main fluid portions Conservation of momentum in the mixing section Ejector's energy balance

Mixing efficiency

Balance of energy between mixing and outlet sections Diffuser efficiency

3.2.Energetic Model

In accordance with the first law of thermodynamics, when disregarding alterations in kinetic and potential energy, we can express the energy balance and mass balance equations for each component operating under steady-state conditions as outlined below [START_REF] Nemati | A comprehensive comparison between CO 2 and Ethane as a refrigerant in a two-stage ejector-expansion transcritical refrigeration cycle integrated with an organic Rankine cycle (ORC)[END_REF]:

∑ ̇ ∑ ̇ ∑ ̇ ∑ ̇ ∑ ̇ (1) 
∑ ̇ ∑ ̇ (2) 
Where the subscripts 'in' and 'out' indicate the inlet and outlet of the component, respectively.

The energy balance equations for each system component of the proposed cycle are presented in Table 3.

To determine the intermediate pressure, the classical estimated value given by Nemati et al.

[39] is used, as expressed in equation [START_REF] Flerlage | A review of bottom-up and top-down emission estimates of hydrofluorocarbons (HFCs) in different parts of the world[END_REF].

√ (3)
Furthermore, it is necessary for all heat exchangers to meet the following equation [START_REF] Nemati | A comparison of refrigerants in a two-stage ejectorexpansion transcritical refrigeration cycle based on exergoeconomic and environmental analysis[END_REF]:

̇ (4)
Where ̇ represents the heat transfer rate, is the logarithmic mean temperature difference, U k signifies the overall heat transfer coefficient, and A k denotes the effective heat transfer area.

Table A of the Appendix gives the heat transfer coefficients of the heat exchangers in the proposed system to calculate the heat transfer areas of these heat exchangers. Gas cooler

̇ ̇ ̇ Evaporator, EV ̇ = ̇ , ̇ ̇ , Internal heat exchanger ̇ = ̇ , ̇ ̇ , Ejector - Separator - Intercooler ̇ = ̇ , ̇ ̇ , Booster ̇ ̇ , ( ) [19]

3.3.Exergetic model

The exergy balance equation can be applied to assess the efficiency of the proposed system.

When we focus solely on the change in physical exergy and disregard the impact of chemical exergy, we can compute the exergy of each state point using the following equation [START_REF] Bejan | Thermal Design and Optimization[END_REF]:

̇ ̇ (5) 
The terms h and s denote the enthalpy and entropy of the material flow, respectively. The subscript 0 designates the values of the properties of the same mass flow at temperature T 0 and pressure p 0 of the environment. In this study, T 0 =25 °C and P 0 =1.013bar [START_REF] Bejan | Thermal Design and Optimization[END_REF].

The exergy balance equations are expressed as follows [START_REF] Bejan | Thermal Design and Optimization[END_REF]:

-For the system

̇ ̇ ̇ ̇ (6a) 
-For the k th component

̇ ̇ ̇ (6b) 
̇ and ̇ denote the rate of fuel exergy and product exergy, respectively. ̇ signifies the rate of exergy destruction due to irreversible processes, while ̇ represents the rate of exergy loss resulting from heat dissipation from the heat exchanger to the surroundings.

To assess the proposed cycle from an exergy perspective, the exergy efficiency is determined as the ratio of the product exergy to the total fuel exergy, and it is defined as follows [START_REF] Bejan | Thermal Design and Optimization[END_REF]:

̇ ̇ (7) 
Table 4 provides a summary of the detailed energy balance relationships of the NEETR cycle components. 

̇ ̇ ̇ ̇ ̇ ̇ ̇ ̇ ̇ - Compressor1 ̇ ̇ ̇ ̇ ̇ ̇ ̇ ̇ ̇ - Gas cooler ̇ ̇ ̇ ̇ ̇ ̇ ̇ ̇ ̇ ̇ ̇ - Evaporator, EV ̇ ̇ ̇ ̇ ̇ ̇ ̇ ̇ ̇ ̇ ̇ - Internal heat exchanger ̇ ̇ ̇ ̇ ̇ ̇ - Ejector ̇ ̇ ̇ ̇ ̇ ̇ ̇ ̇ ̇ - Separator ̇ ̇ ̇ ̇ ̇ ̇ ̇ ̇ ̇ - Intercooler ̇ ̇ ̇ ̇ ̇ ̇ ̇ ̇ ̇ ̇ ̇ - Booster ̇ ̇ ̇ ̇ ̇ ̇ ̇ ̇ ̇ - Total ̇ ̇ ̇ ̇ ̇ ̇ ̇ ∑ ̇ ̇ ̇ ̇

Exergoeconomic Analysis

Exergoeconomics is a method that combines exergy and economic assessments at both the component and system levels. When evaluating the performance of a NEETR cycle, employing exergoeconomic analysis becomes crucial and valuable. It provides insights that separate exergy or economic analyses cannot offer. The primary goal of exergoeconomic analysis is to determine the cost per unit of product. In this specific study, the SPECO (specific exergy costing) method is utilized, which takes into account factors such as exergy efficiencies, specific exergy values, average costs per unit of exergy, and relevant auxiliary equations. These factors are examined at the component level within the system [START_REF] Bejan | Thermal Design and Optimization[END_REF].

In exergoeconomic analysis, it is essential to establish a cost balance for each component within the system. This cost balance essentially demonstrates that the total cost rates linked to all outgoing exergy streams are equal to the combined cost rates associated with capital investment, operational expenses, and maintenance, as well as the total cost rates of all incoming exergy streams. The equation for the balance of the cost associated with the kth constituent of a system is expressed as follows [START_REF] Bejan | Thermal Design and Optimization[END_REF]:

̇ ∑ ̇ ̇ ̇ ∑ ̇ (8) 
Where the parameters employed are as follows:

̇ : denotes the cost rate of the incoming stream of the k th , ̇ denotes the cost rate of the outcoming stream of the k th constituent, ̇ : denotes the cost rate of work, ̇ denotes the cost rate of heat transfer, Exergy and cost rate are related as [START_REF] Bejan | Thermal Design and Optimization[END_REF]:

̇ ̇ (9) 
The overall cost rate of the th constituent of a system is articulated as [START_REF] Bejan | Thermal Design and Optimization[END_REF]:

̇ ̇ ̇ (10) 
Where:

̇ : designates the capital investment cost of the th constituent, ̇ : designates the operating and maintenance cost of the th constituent, : designates the annual number of operation, designates the maintenance factor, : designates the purchase cost of the th constituent and CRF: designates the capital recovery factor.

CRF is attained from Eq. ( 11) [START_REF] Bejan | Thermal Design and Optimization[END_REF]: [START_REF] Nebot-Andrés | Experimental determination of the optimum intermediate and gas-cooler pressures of a commercial transcritical CO 2 refrigeration plant with parallel compression[END_REF] Where:

designates the interest rate and designates the total operating period of the system. Table B of Appendix gives the economic parameters needed for the thermoeconomic evaluation of the NEERT cycle.

The cost rate of exergy destruction of the k th constituent is articulate as [START_REF] Morosuk | Advanced exergy-based methods used to understand and improve energy-conversion systems[END_REF]:

̇ ̇ (12) 
Eq. ( 8) can also be expressed in terms of cost of fuel and product as follows [START_REF] Bejan | Thermal Design and Optimization[END_REF]:

̇ ̇ ̇ ̇ (13) 
The relative cost difference ( ) and exergoeconomic factor ( ) for the th component of a system may be expressed respectively as [START_REF] Bejan | Thermal Design and Optimization[END_REF][START_REF] Morosuk | Advanced exergy-based methods used to understand and improve energy-conversion systems[END_REF]:

⁄ (14) ̇ ̇ ̇ ⁄ (15) 
The detail cost balance relations and purchase equipment cost for each constituent of the simulated NEETR cycle are given in Table 5.

Table 5-Balance cost, purchase equipment, and auxiliary cost equations of the system's individual components, [START_REF] Rostamzadeh | Performance assessment and optimization of a humidification dehumidification (HDH) system driven by absorptioncompression heat pump cycle[END_REF][START_REF] Towhid | Freshwater and cooling production via integration of an ethane ejector expander transcritical refrigeration and a humidificationdehumidification unit[END_REF].

Cycle's Component

Equation of cost balance

The auxiliary equation Cost of purchase equipment Compressor 1

̇ ̇ ̇ ̇ [42] ̇ ̇ ⁄ ⁄ ⁄ [42]
Compressor 2

̇ ̇ ̇ ̇ ̇ ̇ ⁄ ⁄ ⁄ [43]
Gas-cooler

̇ ̇ ̇ ̇ ̇ ̇ ( ) [43]
Evaporator, EV

̇ ̇ ̇ ̇ ̇ ̇ ; ̇ ( ) [43] ̇ ̇ Internal heat exchanger ̇ ̇ ̇ ̇ ̇ ̇ ( ) [43] Ejector ̇ ̇ ̇ ̇ ̇ [43] Seprator ̇ ̇ ̇ ̇ ̇ [42] intcooler ̇ ̇ ̇ ̇ ̇ ̇ ( ) [43] Booster ̇ ̇ ̇ ̇ ̇ ̇ ⁄ ⁄ ⁄ [43]

3.5.Analysis of Variance (ANOVA)

In this study, ANOVA (Analysis of Variance) is applied to examine the NEETR statistically.

The primary reason we used ANOVA was to figure out how much of an effect each individual parameter had on NEETR's performance metric. Hierarchy of elements determined outcome; 95% confidence interval, 0.05 significance level. The results were checked for accuracy using an F-test ( ) F-values were calculated using the ANOVA technique; mean square error ratios are a measure of how well a regression model predicts the true value of a variable. If the estimated F-test value for the associated parameter was larger than the critical F value found in the suitable standard confidence table, statistical significance was assumed. F-values, sums of squares (SS), means of squares (MS), and degrees of freedom (DOF) were computed using study-specific formulae [START_REF] Canbolat | Performance optimization of absorption refrigeration systems using Taguchi, ANOVA and Grey Relational Analysis methods[END_REF]:

(16) (17) 
∑ ∑

Where represents the association between the factor and the response. A greater value indicates that the parameter is more influential in shaping the outcome. The factor variance ( ) and the error variance ( ) are denoted by V1 and v2, respectively.

is the total number of degrees of freedom for the factor, is the sum of squares for the factor, is the total signal-to-noise ratio at the ith level of the factor, i 

is the signal-to-noise ratio at the ith level of the factor, N is the number of repetitions of the factor at each level, and n is the total number of tests. The term "factor" stands for the name of each factor in these expressions. The MS is calculated by dividing the sum of all SS values by the number of degrees of freedom for each parameter.

Optimization Procedure

This study uses NSGA-II for optimization in system simulation, enhancing process quality and reducing cost by simultaneously optimizing each goal without dominating other solutions.

Non-dominated sorting and crowding distance are two complex evolutionary algorithms that NSGA-II uses to support smart search phenomena. The many steps of the NSGA-II process, which has been used in a number of relevant studies and has been shown to be highly effective. Fig. 2 demonstrates the procedure for this optimization method. The system's exergetic efficiency and the total unit cost of goods (SUCP sys ) are the research's objective criteria.

Figure 2-Flowchart of the NSGA-II

Results and Discussion

The results of the research into the use of carbon dioxide (CO 2 ) as a natural working fluid in the new ejector expansion transcritical refrigeration (NEETR) system are published here, along with a detailed discussion and interpretation of those results. Results analyze NEETR system's energy efficiency, superiority over conventional methods, and validate thermodynamic model through experimental and theoretical data. Further, ANOVA analysis was used to investigate the effect of the investigated parameters on the efficiency of the NEETR cycle; it was shown that the evaporator temperature had the greatest bearing on the outcome. Total product cost and exergy efficiency criteria for NSGA-II-based multi-objective optimization are also covered.

The Model Validation and Sensitivity Analysis

Prior to the simulation phase of this study, the NEETR cycle model was validated. The ejector model was specifically validated by contrasting it with the literature [START_REF] Huang | A 1D analysis of ejector performance[END_REF], and the outcomes are shown in Table 6. The findings demonstrate that the present model's results are consistent with those reported in [START_REF] Huang | A 1D analysis of ejector performance[END_REF]. The energetic and exergetic efficiencies, total exergy destruction, and net input power of the transcritical refrigeration cycle with an ejector, along with other performance variables, were confirmed by contrasting the system performance predictions with the information made available by Nemati et al. [START_REF] Nemati | A comprehensive comparison between CO 2 and Ethane as a refrigerant in a two-stage ejector-expansion transcritical refrigeration cycle integrated with an organic Rankine cycle (ORC)[END_REF] for a cooling capacity of 120 W, and the outcomes are shown in Table 7. The simulation program was altered for model validation, resulting in a low relative error of less than 3.5%. This validation process ensures accurate and reliable models and simulations, providing accurate insights into the proposed NEETR cycle's performance. The performance variables that were used in this study are shown in Table 8. These variables were carefully chosen to ensure that they reflect the efficiency and effectiveness of the proposed system. 

SUCP sys ̇ ̇ ̇ ̇
Table 9 provides a list of the primary flow stream properties calculated during the NEETR cycle simulation. The performance criteria for the system will be computed subsequently using these thermodynamic flow parameters. 

The System's Grossman Diagram

The Grossman diagram for the NEETR cycle's exergy balance with and without a booster is shown in Figs. 3(a) and (b), respectively. According to the assumption of 45,39 kW electrical input power (as the exergy of fuel) in the NEETR cycle with booster based on Fig. 3(a), 64% of this fuel (29.03 kW) is destroyed to create 13.44 kW cooling exergy. The system with the booster is estimated to have a total exergy loss of 2.92 kW, which accounts for 6.4% of fuel.

According to Figure 3(b), using the 52.3 kW input electrical power assumption, 66.8% (or 34.93 kW) of the fuel is destroyed to produce 13.44 kW of cooling exergy. According to calculations, the system's overall exergy of loss without a booster was 3.93 kW, or 7.5% of the total fuel. It is important to note that the destruction cost rate, which is disguised, is calculated at 4.17 The effect of the gas cooler pressure ( ) and the booster's compression ratio ( ) on the performance variables is presented. The evaporator and gas cooler outlet temperatures are -15°C and 35°C, respectively. It is clear that the NEETR cycle's exergy efficiency (Fig. 6) exhibits behavior similar to that of the COP (Fig. 5) in that it first has an upward trend before decreasing as the gas cooler pressure and the booster's compression ratio are raised. It is to be noted that P gc has a greater impact on both the energetic and exergetic performance of the NEETR cycle. The study of the combined effect of these two parameters is to determine their optimal values, i.e., the values at which the maximum COP and maximum are reached. According to the two figures, the peaks of the COP and the exergetic efficiency are reached at and . Figure 7-The variation of the with the P gc and the booster's compression ratio

The T eva and T gc Effect on Cycle's Performance

The NEETR is solved using the gradient approach [START_REF] Qin | Thermodynamic analysis and multi-objective optimization of a waste heat recovery system with a combined supercritical/transcritical CO2 cycle[END_REF]. Effectively pinpointing the upper bound of a decision variable (COP) with this method is difficult due to narrow parameter tolerances (P gc and Pr booster ). For each evaporator and gas cooler arrangement, the ideal P gc and Pr booster levels that produce the maximum COP are computed.

Fig. 8 shows how changes in the evaporator and gas cooler outlet temperatures affect the NEETR cycle's optimal discharge pressure (P gc , opt ). The graph shows that a rise in the gas cooler output temperature results in a substantial increase in the ideal discharge pressure while just slightly altering P gc . Notably, the optimal P gc of the NEETR cycle is lower at Pr booster = 1.7 than it is at Pr booster = 1.

Figure 8-Optimal P gc with maximum COP versus T eva and T gc Fig. 9 illustrates the impact of T eva and T gc on the maximum COP of the NEETR cycle. As can be observed, as Teva rises and T gc falls, the maximum COP value rises as well. This is due to the fact that when evaporative temperatures rise, compressor power and cooling capacity both decline. Also, when T gc drops, so does the power of the compressor. Thus, the net outcome will be a rise in COP. The increase in compressor suction pressure is what causes the reduction in compressor power. In comparison to NEETR without booster, NEETR with booster has a greater maximum COP value. At T eva =-12 °C and T gc =32 °C, the greatest difference in COP of NEETR with Pr booster =1 and Pr booster =1.7 is 13.45%. °C, both at Pr booster = 1.7, the difference between these efficiencies is the greatest. Notably, under all working conditions, Pr booster = 1.7 consistently produces a greater second law efficiency than Pr booster = 1.

Regression analysis determined correlations between ideal P gc , highest COP, and ideal ηex, enabling the determination of ideal design parameters based on cycle simulation data. These associations hold true for T eva values of -20 to -10°C and T gc values of 32 to 40°C.

{ (20) { ( 21) 
.

Figure 10-Exergetic efficiency versus T eva and T gc at optimum P gc .

As illustrated in Fig. 11, this formula is compared to formulas found in other publications [START_REF] Yari | Performance analysis and optimization of a new two-stage ejectorexpansion transcritical CO 2 refrigeration cycle[END_REF]. T eva and T gc both require a working temperature of -20°C and 38°C, respectively. The formula developed in this study is accurate and dependable, as shown by a comparison of the analytical and experimental results. Furthermore, it is obvious that P gc was only connected to T eva and T gc . In a second step, the lowest value of the SUCP of the system is at its optimum P gc and Pr booster values in various operating conditions of the system. The representation of the best optimal gas cooler pressure, where the low SUCP criterion is satisfied, is given by Fig. 12.

Accordingly, Fig. 13 proves the simultaneous effects of the gas cooler and evaporator temperature on the cost of the system at the optimum state. This number shows that in all ranges taken into consideration, the system without the booster has a greater SUCP sys than the upgraded system. As the temperature of the gas cooler and evaporator rises, the combined SUCP of the two systems falls. The SUCP is more significantly impacted by the temperature of the gas cooler, though. The following correlations were created by doing a regression analysis on the data acquired from the cycle simulation to forecast estimations of the ideal design parameters: ideal gas cooler pressure in bar (R 2 = 99.98%) and minimal SUCP in $/GJ:

{ ( 22) { 23)
Figure 12-Optimal P gc that minimizes the total cost of product versus T eva and T gc Figure 13-SUCP sys versus T eva and T gc at optimum P gc

Regression analysis was used to analyze the data from the cycle simulation in order to identify the minimal SUCP (R 2 =99%) and the ideal P gc (in bars), both of which had a reliability coefficient (R 2 ) of 99%. The best design parameters can be predicted thanks to these known correlations. It is significant to note that these correlations are valid for T eva ranges between -20 and -10 °C and T gc ranges between 32 °C and 40 °C.

{ (24) { (25) 

4.5.ANOVA Results

The ANOVA technique is used to calculate the contribution ratios for each parameter on the NEETR cycle performance, guaranteeing their statistical validity. The ANOVA study used the F-test and 95% confidence interval comparisons to determine the effects of process factors on efficiencies. Parameter significance has traditionally been calculated by comparing the parameter's p-value to a predetermined significance level, often 0.05. Table 10 shows the results of an ANOVA analysis of the contribution ratios. The effect of the parameters on COP and η ex exhibits comparable features, as evidenced by the ANOVA results. The following is the order of significance for the COP and η ex design parameters: T eva >T gc >Pr booster >P gc .

The COP and η ex are highly sensitive to the evaporator temperature, with an 80.519% and 45.444% effect ratio, respectively. Increasing the evaporator temperature has a larger impact on system performance than decreasing the condenser temperature does for a given temperature difference, with a ratio of 11.03 percent on COP and 30.89 percent on η ex .

The evaporator temperature is shown to have a 75.02 percent effect on the SUCP sys . After that comes the booster pressure ratio at 17.93 percent. The pressure of the gas cooler affects the temperature by 3%. After then, the gas loses around 2.62 percent of its heat. Minimizing the system's total cost requires special attention to T eva and, Pr booster . 

The NEETR Cycle's Multi-objective Optimization

The parametric analysis makes it abundantly evident that changes in system parameters have a significant impact on how well the system performs. Multi-objective optimization provides a more comprehensive solution than single-objective optimization, which only considers maximizing a single objective. To find the point when system performance is at its best, a holistic approach that takes into account both thermodynamic and economic factors can be achieved. The Non-Dominated Sorting Genetic Algorithm II (NSGA-II) will be used to solve the combined optimization of the NEETR system, taking into account both thermodynamic and economic concerns. To identify the optimal solution, this program mimics the natural evolutionary process. The NSGA-II solution process includes population formation, fitness, selection, crossover, and mutation. The optimization process will come to an end if the emerging population satisfies the convergence conditions.

Cycle exergy efficiency η ex and overall SUCP are the two objectives. The decision variables include P gc , Pr booster , T eva , and T gc . The decision variables' range of variation is displayed in Table 10. For the bi-objective optimization problem, 90 populations and 90 reference points have been selected. The variance probability was 0.2, the maximum number of iteration steps was 250, and the crossover probability was 0.9. 

Obtaining the optimal points for the two-objective optimization problem is shown in Fig. 14's Pareto graph for the two-objective optimization. The base case performance values are compared to the computed, displayed, and presented ideal performance values (information about the base case is presented in Table 1). Table 12 shows that the ideal COP, energy efficiency, and total cost of product are, respectively, 2.51, 33.35%, and 24.4$/GJ. The optimal performance of the NEETR cycle is compared with that of the baseline cycle proposed by Nemati et al. [START_REF] Nemati | A comprehensive comparison between CO 2 and Ethane as a refrigerant in a two-stage ejector-expansion transcritical refrigeration cycle integrated with an organic Rankine cycle (ORC)[END_REF]. As shown in Table 12, the compressor works of NEETR cycle decrease compared with the baseline cycle by 8.41%. The results of the cycle analysis also demonstrate that the inclusion of a booster upstream of the ejector could potentially increase the COP by 9.6%, the exergy efficiency by 29.76% and reduces the total cost by 16.43% under optimum conditions. 

4.7.Comparative Analysis of the Results

The optimum values of performance variables of the NEETR cycle are calculated and presented and are compared with those of the system without booster i.e., in the case that .

Table 13 shows that using booster has a significant effect on performance of the NEETR cycle. It is found that its usage allows a considerable reduction in the optimum gas cooler pressure. Any reduction in its value will extend the life of the compressor, ensure quality, and prolong the life of the whole system. Because of its better energetic and exergetic performance and lower optimum discharge pressure, the new cycle is favored over the twostage ejector expansion transcritical refrigeration (EETR) cycle proposed and studied in reference [START_REF] Nemati | A comparison of refrigerants in a two-stage ejectorexpansion transcritical refrigeration cycle based on exergoeconomic and environmental analysis[END_REF], as shown in Figure 15 (a). Additionally, the new cycle is a lso favored to using an organic Rankine cycle in tandem with a two-stage ejector expansion transcritical refrigeration cycle (EETR-ORC) investigated in reference [START_REF] Nemati | A comprehensive comparison between CO 2 and Ethane as a refrigerant in a two-stage ejector-expansion transcritical refrigeration cycle integrated with an organic Rankine cycle (ORC)[END_REF], as shown in Figure 15 (b). To avoid misleading results, it should be noted that the optimization is done based on COP.

Figure 15-Schematic of the EETR (a) [START_REF] Nemati | A comparison of refrigerants in a two-stage ejectorexpansion transcritical refrigeration cycle based on exergoeconomic and environmental analysis[END_REF] and the EERT-ORC (b) [START_REF] Nemati | A comprehensive comparison between CO 2 and Ethane as a refrigerant in a two-stage ejector-expansion transcritical refrigeration cycle integrated with an organic Rankine cycle (ORC)[END_REF] According to Table 13, for a fixed evaporation temperature of at T gc =32°C the COP improvement of the proposed system is superior to those of [START_REF] Nemati | A comparison of refrigerants in a two-stage ejectorexpansion transcritical refrigeration cycle based on exergoeconomic and environmental analysis[END_REF] and [START_REF] Nemati | A comprehensive comparison between CO 2 and Ethane as a refrigerant in a two-stage ejector-expansion transcritical refrigeration cycle integrated with an organic Rankine cycle (ORC)[END_REF] by 14.5% and 51.3%, the is superior by 16.6 and 100% and total exergy destruction is reduced by 16.4% and 32.21%, repectively. At T gc =40°C, the improvement of the COP and the of the proposed system are superior to those of [START_REF] Nemati | A comparison of refrigerants in a two-stage ejectorexpansion transcritical refrigeration cycle based on exergoeconomic and environmental analysis[END_REF] and [START_REF] Nemati | A comprehensive comparison between CO 2 and Ethane as a refrigerant in a two-stage ejector-expansion transcritical refrigeration cycle integrated with an organic Rankine cycle (ORC)[END_REF] by more than 16% and 5 repectively.

The SUCP of the system increased by 6% due to the booster price. It is also clear that the system benefits from an ORC only at very high gas cooler temperatures. The EETR cycle has a greater COP than the EETR-ORC cycle at gas cooler temperatures below 34 degrees Celsius.

Conclusion

This 

  been sub-cooled by passing through the internal heat exchanger. The ejector nozzle pulls the vapor released from the booster (secondary flow) as a result of the refrigerant expanding in the motive nozzle. The primary and secondary flows are combined at a constant pressure in the mixing chamber within the ejector. The NEETR cycle separates mixed flow into liquid and vapor phases, transforming gas into vapor before being sent to the compressor. It uses ejector expansion for increased efficiency and reduced environmental impact.

Figure 1 -

 1 Figure 1-Schematic and T-s plot of the NEETR cycle

Figure 3 -

 3 Figure 3-The exergy balance Grossman diagram of the NEETR cycle with (a) and without (b) a booster The Grossman diagram for the NEETR cycle's cost balance with and without a booster is shown in Figs. 4(a) and (b), respectively. In the NEETR cycle with booster shown in Fig.4(a), assuming a fuel cost rate of 4.88 $/h and an equipment cost rate of 0.2 $/h, the product cost is 2.67 $/h. Moreover, the exergy of loss is connected with a cost rate of $2.41 per hour.

  dollars per hour. The cost rate for equipment and fuel, when applied to the NEETR cycle without a booster (Fig. 4(b)), is 5.19 and 0.19 dollars per hour, respectively. The costs for the products and the losses are 2.69 and 2.68 dollars per hour, respectively. Overall, the fuel cost rate of the NEETR cycle with a booster is lower than the cycle without a booster for the same product cost and PEC.
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 443 Figure 4-The cost balance Grossman diagram of the NEETR cycle with (a) and without (b) a booster 4.3. The Effect of the P gc and Booster's Compression Ratio (Pr booster )By changing the gas cooler pressure (P gc ) and booster's compression ratio (Pr booster ), the COP, the η ex , and the SUCP sys performance variables are examined. Figures5-7show how the performance variables described above have changed in relation to the parameters used.
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 5 Figure 5-The system's COP variation with the P gc and the booster's compression ratio
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 6 Figure 6-The variation of the with the P gc and the booster's compression ratio
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 9 Figure 9-The system COP versus T eva and T gc at the optimum P gc
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 11 Figure 11-Comparison of optimum P gc and the NEETR COP the Yari's correlation [38] at Pr booster =1

Figure 14 -

 14 Figure 14-The process of optimization for η ex and min SUCP cases

Figure 16 -

 16 Figure 16-Variation of COP with gas cooler temperature for transcritical cyclesAn extended COP comparison of the three cycles is performed for the same cooling capacity, by varying the gas cooler temperature between 32°C and 40°C, with a constant evaporation temperature of -15°C, as shown in Figure16. It can be observed that the NEETR cycle outperforms the EETR[START_REF] Nemati | A comparison of refrigerants in a two-stage ejectorexpansion transcritical refrigeration cycle based on exergoeconomic and environmental analysis[END_REF] and the EETR-ORC[START_REF] Nemati | A comprehensive comparison between CO 2 and Ethane as a refrigerant in a two-stage ejector-expansion transcritical refrigeration cycle integrated with an organic Rankine cycle (ORC)[END_REF] under these selected conditions. The COP shows an obviously declining trend, with T gc increasing. For the EERT, the COP value decreases by 22.3% with T gc increasing from 32°C to 40°C. Compared with the EETR cycle, the T gc has a lesser effect on the NEETR cycle. The COP values of the system decrease by only 21% under the same conditions.

  work introduces the application of the NEERT cycle. Both practical and theoretical data from the literature confirm the cycle model for the NEERT cycle without booster. Twoobjective optimization with four choice variables is carried out after energy, exergy, and economic assessments of the proposed system are done. The outcomes of the modelling and optimisation are as follows: Parameters Value Annual number of hours, N (hr) 8000 Components expected life, n r (years

  

  

  

  

  

  

Table 1 -

 1 The thermodynamic input parameters of the setup simulation[START_REF] Nemati | A comparison of refrigerants in a two-stage ejectorexpansion transcritical refrigeration cycle based on exergoeconomic and environmental analysis[END_REF][START_REF] Luo | Exergetic and economic evaluation of a transcritical heat-driven compression refrigeration system with CO 2 as the working fluid under hot climatic conditions[END_REF][START_REF] Yari | Performance analysis and optimization of a new two-stage ejectorexpansion transcritical CO 2 refrigeration cycle[END_REF] 

	Parameter			value
	Reference temperature, (℃)		25
	Reference pressure, (bar)		1.013
	Evaporator temperature,	(℃)	-10 -20
	Gas-cooler pressure,	(bar)		72-120
	Gas-cooler temperature,	(℃)		32-40
	Pressure ratio booster,			1-2
	Terminal temperature difference of gas-cooler,	(K)	5
	Terminal temperature difference of Evaporator,	(K)	5
	Intercooler effectiveness,	(%)		80
	IHX effectiveness,	(%)		80
	Evaporator Cooling,	(kW)		120
	The efficiency of ejector's nozzle, (%)	0.80
	The efficiency of ejector's mixer,	(%)	0.90
	The efficiency of ejector's diffuser,	(%)	0.80

Table 3 -

 3 Energy balance equations for different components

	Component	Energy balance equations
		̇ ̇ ,
	Compressor2	( ) [19]
		̇ ̇ ,
	Compressor1	( ) [19]

Table 4 -

 4 Exergy balance equations for different components

	Components	Fuel exergy	Product exergy	Exergy destruction	exergy loss
	Compressor2				

Table 6 -

 6 Validation of the present work with 1-D and Huang et al. [45] models ARD 1the absolute relative difference between -D model and the present work. **ARD 2 -the absolute relative difference between Huang et al. model and the present work.

		̇ ̇ ⁄			
	1-D mode l	Huan g et [45] al.	Presen t work	ARD 1 * (%)	ARD 2 * (%)	*

*

Table 7 -

 7 Comparison between Nemati et al.[START_REF] Nemati | A comprehensive comparison between CO 2 and Ethane as a refrigerant in a two-stage ejector-expansion transcritical refrigeration cycle integrated with an organic Rankine cycle (ORC)[END_REF] and the present results for EETR ethane and CO 2

Table 8 -

 8 The formula of the performance variable

	Performance variable		Formula	
	Net Power input	̇	̇	̇	̇
	Cooling output		̇	
	COP			̇	
			̇	
	Exergy efficiency	̇ ̇ ; ̇		( ̇	̇ )

Table 9 -

 9 The system's stream thermodynamic properties and costs

	Point

Table 10 -

 10 ANOVA results and contribution ratios on COP, η ex and SUCP sys

	Source, COP	DOF	SS	MS	F	P	Contribution
							(%)
	Pressure Gas cooler,	3	0.03282 0.010939 10.10 0.045	3.27
	Pressure ratio Booster,	3	0.04873 0.016244	15	0.026	4.86
	Gas cooler Temperature,	3	0.11059 0.036863 34.05 0.008	11.03

Table 11

 11 

	also displays the precise value of

Table 11 -

 11 Decision optimal point parameters

	Parameter			Unit	Two objective optimizations
					A	B	C
					(Lowest SUCP)	(Highest	(Optimal
							point)
	Pressure	ratio	Booster -	1.26	1.75	1.526
	Pressure Gas cooler		bar	98.58	78.07	81.05
	Evaporator Temperature	°C	-20	-20	-20
	Gas cooler Temperature	°C	32	32	32

Table 12 -

 12 The base and optimum cases comparison

	Performance variables Unit	Two-objective optimization	Base	Base case
					A	B	C	case	Without
					(Lowest	(Highest	(Best		Booster
					SUCP)		solution)	
	Coefficient performance	of	-	2.16	2.55	2.51	2.64	2.29
	Exergy	efficiency	%	28.75	34.01	33.35	29.61	25.70
	Exergy	destruction		36.18	29.14	29.73	29.03	34.93
	Total ( ̇	)		kW				
	Power Consumption		55.56	46.98	47.90	45.39	52.30
	( ̇ )			kW				
	Cooling		product		120.00	120.00	120.00	120.00	120.00
	( ̇ )			kW				

Table 13 -

 13 Comparison of this study with those shown in[START_REF] Nemati | A comparison of refrigerants in a two-stage ejectorexpansion transcritical refrigeration cycle based on exergoeconomic and environmental analysis[END_REF][START_REF] Nemati | A comprehensive comparison between CO 2 and Ethane as a refrigerant in a two-stage ejector-expansion transcritical refrigeration cycle integrated with an organic Rankine cycle (ORC)[END_REF] 

				T gc =32°C			T gc = 40°C	
	Performa	Uni	[19]	[39]	NEETR	[19]	[39]	NEETR
	nce	t	Popt gc =7	Popt gc =80.	Popt gc	Popt gc =9	Popt gc =9	Popt gc
	variables		8.5	86	=77.8	7.2	8.5	=96.5
					Popt booster =1			Popt booster =1
					.65			.74
		-	2.55	1.93	2.92	1.98	2.18	2.30
		%	28.57	21.57	32.75	22.15	24.43	25.73
	̇	kW 31.04	38.27	25.94	40.84	29.39	33.50
	̇	kW 47.04	62.30	41.04	60.68	55.01	52.24
	̇	kW 120.00	120.00	120.00	120.00	120.00	120.00
		$/h	0.19	0.52	0.24	0.19	0.56	0.25
	̇	r						
		$/G	28.61	37.5	29.65	29.8	29.57	31.59
		J						
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1-The optimal solution of a two-objective optimization problem that improvements in exergy efficiency led to reductions in SUCP. The optimal operating condition in a two-objective optimization scenario is between those obtained through exergy efficiency maximising and SUCP minimising in a single-objective optimization.

2-Based on the results of this research, it can be concluded that the evaporator accounts for almost 17% of the overall exergy degradation in a system.

3-The booster would raise the NEERT cycle's energy and exergy efficiency by more than 15%, according to the base case simulations. 4-The system's COP is maximised under certain operating conditions, at a specific operating pressure. The optimal operating pressure, evaporation temperature, and gas cooler outlet temperature are all related in some way, and this study presents a formula to express that relationship. This correlation, along with three others based on observation, is used to test the accuracy of the formula.

5-An analysis of variance was utilised to see how different settings affected the NEERT cycle's output. Accordingly, the following parameters were identified as having an effect on the COP and η ex : T eva >T gc >Pr booster >P gc . The evaporator temperature is most affected, by roughly 80.519 percent for COP and 45.44 percent for . Adjusting the evaporator's temperature, the booster pressure ratio, the gas cooler's presseurisation, and the gas cooler's temperature have the most impact on the final product's price.

6-The optimization method finds that the gas cooler pressure P gc = 98 bar yields the highest SUCP but the lowest exergy efficiency. Therefore, the pressure in a gas cooler must be less than this.

7-The lowest SUCP in this system is 23.61 $/GJ and the highest exergy efficiency is 34.01%, while at the optimum working condition, we show a SUCP of 24.4 $/GJ and an exergy efficiency of 33.35%.

8-It is evident that the use of the booster before the ejector improves the energetic and exergetic performance of the transcritical system.

Further research, especially through experimental approaches, is required to confirm the practical benefits of the suggested system. ☐The authors declare the following financial interests/personal relationships which may be considered as potential competing interests.

Appendix