
 

ISSN: 2615-9740 

JOURNAL OF TECHNICAL EDUCATION SCIENCE 
Ho Chi Minh City University of Technology and Education 

Website: https://jte.edu.vn 
Email: jte@hcmute.edu.vn 

 

 

JTE, Volume 20, Issue 04SI, 11/2025 161 

 

 

R152a and R134a: High-Performance Working Fluids for 

Ejector Cooling Systems 

Van Vu Nguyen*1 ,  Yevgeniy Muralev2  
1Ho Chi Minh City University of Technology and Education, Vietnam 

2Caspian University of Technology and Engineering, Kazakhstan 

*Corresponding author. Email: nguyenvanvu@hcmute.edu.vn 

ARTICLE INFO ABSTRACT 

Received:  05/06/2025 This study presents a comprehensive thermodynamic analysis of an ejector 

cooling system (ECS) using a detailed one-dimensional mathematical 

model implemented in Engineering Equation Solver (EES) software. The 

research investigates the impact of key operational parameters such as 

secondary flow superheating, generator temperature, and primary nozzle 

superheat on system performance, specifically the entrainment ratio (ER) 

and coefficient of performance (COP). A comparative assessment of five 

working fluids (R134a, R152a, R600a, R1234ze(E), and R1233zd(E)) was 

conducted. Results indicate that secondary flow superheating generally 

enhances COP with minimal ER impact, while increased generator 

temperature improves both ER and COP. Primary nozzle superheat proved 

critical for overall performance. Among the investigated refrigerants, 

R134a and R152a demonstrated the highest COP. Notably, the low-GWP 

refrigerants R600a and R1234ze(E) showed promising and competitive 

performance, highlighting their potential as environmentally friendlier 

alternatives in heat-driven ejector cooling applications. The developed 

model serves as a robust tool for designing and analyzing ejector cooling 

systems. 
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1. Introduction 

Air conditioning of indoor spaces is essential for human well-being and productivity in hot and humid 

regions globally. Lee Kuan Yew, the first Prime Minister of Singapore, noted in his biography [1] that 

Space cooling demand is rapidly increasing due to economic growth and climate change. Nowadays, 

99% of private dwellings in Singapore are equipped with air conditioners, which operate for most of the 

time the apartment is. In contrast, only 4% of households in India possess an air conditioner, despite 

significant cooling needs. 

Cooling indoor environments is vital for comfort and productivity, particularly in hot and humid 

climates around the world. In his memoir, Singapore’s founding Prime Minister, Lee Kuan Yew, 

emphasized the transformative role of air conditioning in modern life [1]. Driven by economic 

development and the impacts of climate change, global demand for space cooling is rising sharply. In 

Singapore, air conditioners are now installed in 99% of private homes and are used extensively whenever 

residents are present [1]. Conversely, in India—despite facing substantial cooling requirements—only 

4% of households have access to air conditioning [2]. 

Approximately 1.6 billion air conditioners are in use worldwide, with the highest concentrations in 

China, USA. Rising economic development in emerging economies, combined with the effects of global 

warming, is expected to drive a substantial surge in demand for air conditioning. For example, the 

number of air conditioning units in use in India is projected to grow from approximately 30 million in 

2016 to over 1 billion by 2050 [3]. Electricity use for space cooling is rapidly emerging as the dominant 
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component of energy consumption in buildings, as illustrated in Figure 1. Projections suggest that by 

2050, around 5.6 billion air conditioning units will be in operation worldwide. At current efficiency 

levels, these systems are expected to consume approximately 6,200 terawatt-hours of electricity 

annually, accounting for nearly 30% of total building electricity demand (see Figure 1). As a result, air 

conditioning is becoming a significant driver of global carbon dioxide emissions. 

 

Figure 1. Building electricity consumption by 2050, extracted from IEA [2] 

Air conditioning alone is projected to account for a 0.5°C increase in global temperatures [4] within 

the broader expected rise of 3 to 5°C by the end of this century. The combustion of fossil fuels releases 

carbon dioxide, intensifying the greenhouse effect and driving unsustainable climate change. Its 

consequences are increasingly visible through rising sea levels and a surge in extreme weather events, 

including floods and severe storms. A heat-driven cooling system, such as ejector refrigeration can be a 

great substitute for conventional air conditioning systems in the near future. A key advantage of ejector 

cooling systems is their ability to utilize low-grade thermal energy instead of electricity.  

The ejector is a key component in a heat-driven cooling cycle that replaces the traditional compressor 

with a jet-based mechanism and no moving parts. It uses high-pressure vapor from a generator (the 

primary stream), which accelerates through a nozzle to create a low-pressure zone. This draws in lower-

pressure vapor from the evaporator (the secondary stream), and the two streams mix inside the ejector. 

As the combined flow slows down in the diffuser section, its pressure increases, effectively compressing 

the refrigerant. This fluid-dynamic process enables cooling using heat sources like solar or waste heat, 

making the ejector both simple and energy-efficient. 

2. Literature review 

Refrigerants R134a and R152a are prominent HFC refrigerants favored for Ejector Refrigeration 

Systems (ERS) due to their high performance across various ERS technologies [4], [5], [6]. R134a has 

been widely adopted in the refrigeration industry owing to its excellent thermal performance[7], [8], [9], 

[10]. However, its high Global Warming Potential (GWP) has led to its phasing out under recent 

regulations.  

Hydrochlorofluorocarbons and hydrofluorocarbons have been widely used in ejector refrigeration 

systems (ERS) due to their favorable thermodynamic properties and relatively high performance. 

Among HFCs, R134a, R410a, R245fa, and R407c are the most commonly employed refrigerants in both 

experimental research and practical applications. For example, R134a has been used in theoretical 

studies by Khalil et al. [4] and in experimental investigations by Yan et al. [5], while R245fa was adopted 

in the experimental work of Huang et al. [6].  

However, the widespread use of HCFCs and high-GWP HFCs has raised significant environmental 

concerns, particularly regarding their ozone depletion potential (ODP) and global warming potential 

(GWP). As a result, many of these substances are being gradually phased out or banned under 

international agreements and regional regulations, such as the European Union’s Regulation 517/2014 

[10], which limits the use of high-GWP refrigerants. 
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Direct emissions of refrigerants used as working fluids in cooling systems significantly contribute to 

climate change. To address this issue, European Regulation (EU) No. 517/2014 [11] denoted that from 

January 2022, new commercial refrigeration units must not use refrigerants with a global warming 

potential (GWP) of 150 or higher. This regulation presents a major challenge, as many widely used 

refrigerants far exceed this value. For example, R134a (GWP 1430) and the HFC blend R410a (GWP 

2088).  

Among commonly used HFCs, R152a stands out as the most favorable for ERS applications. R152a 

(GWP of 138) presents a more environmentally friendly option. It has demonstrated comparable or even 

superior performance to R134a under similar operating conditions  [12]. Both R134a and R152a are wet 

refrigerants, which means they require a certain degree of superheat at the ejector inlets to avoid 

condensation and ensure efficient mixing and entrainment (see Table 1). 

Hydrofluoroolefins (HFOs) are the fourth generation of halogen refrigerants, boasting zero Ozone 

Depletion Potential (ODP) and exceptionally low Global Warming Potential (GWP) values. Despite 

their environmental benefits, the commercial availability of certain HFOs, like R1234ze(e), is still not 

very common. This limited accessibility is reflected in the scarcity of published research on ejector 

refrigeration systems employing HFOs as working fluids. 

Table 1. Working fluids used in ejector refrigeration system in literature.  

Refrigerant 𝑻𝒈    (°C) 𝑻𝒄 (°C) 𝑻𝒆 (°C) 𝜟𝑻𝒔𝒖𝒑 (K) COP  (-) 
Cooling Capacity   

[kW] 

R718 [13] 40-70 12-32 10 - 0.18-0.27 up to 0.7 

R600a [14], [15] 87 29 6 5-15 0.2-0.31 1-2 

R113 [16] 65-100 42-50 5-18 - 0.1-0.2 - 

R134a [17] 72-78 31 10 - 0.1-0.35 0.25-1.3 

R152a [4] 70-100 25-35 5-15 5 0.35-0.75 1 

R245fa [18] 80-105 24-42 4-20 5-7 0.25-0.45 4-7 

R141b [19] 90-100 30-32 6-8 - 0.5-0.6 10.5 

Ejector refrigeration has been explored with various refrigerants (including R134a, R600a) and forth 

generation of Halocarbons. The current work emphasizes the influences of the refrigerant used in the 

system. Our model integrates advanced sub-models and real-gas data to address these gaps. 

3. Mathematical modeling 

The mathematical model was developed using Engineering Equation Solver (EES), a software tool 

specialized in solving both linear and nonlinear systems of algebraic and differential equations. One of 

EES's key strengths is its flexibility in handling equations in any sequence input, without affecting the 

outcome, a capability that sets it apart from many other engineering programs. Additionally, EES offers 

a comprehensive and highly accurate built-in database that provides thermodynamic and transport 

properties for a wide range of substances [20] 

3.1. Model assumptions 

The mathematical model is based on the following assumptions to ensure a balance between 

computational simplicity and accuracy: 

 Steady-state operation: all thermodynamic processes and flow properties (mass flow rate, 

pressure, temperature…) are assumed constant with time. 

 One-dimensional flow: the flow is considered along a single spatial dimension, with cross-

sectional properties uniform at any given section. 

mailto:jte@hcmute.edu.vn


 

ISSN: 2615-9740 

JOURNAL OF TECHNICAL EDUCATION SCIENCE 
Ho Chi Minh City University of Technology and Education 

Website: https://jte.edu.vn 
Email: jte@hcmute.edu.vn 

 

 

JTE, Volume 20, Issue 04SI, 11/2025 164 

 

 

 Adiabatic flow: heat transfer to or from the ejector walls is neglected, assuming adiabatic 

operation. 

 Normal shock wave: a normal shock is assumed to occur in the ejector mixing section, facilitating 

conversion from supersonic to subsonic flow. 

 Isentropic efficiencies: each component (nozzle, mixing section, diffuser) is modeled using fixed 

isentropic efficiencies based on literature values. 

3.2. Governing equation 

The mathematical model for the ejector cooling cycle is founded on the fundamental thermodynamic 

conservation principles of mass, energy, and momentum. To improve the model’s precision, the heat 

exchanger components incorporate subcooling of the liquid refrigerant at the condenser exit and 

superheating of the vapor at the outlets of both the generator and evaporator. These enhancements are 

based on findings from our earlier studies [21], [22].  

This mathematical model is implemented using EES, which is integrated real-gas database.  Thus, 

the software can supply the necessary thermodynamic and transport properties for the working fluids. 

This database is particularly critical for modeling the ejector, as its internal flow conditions are 

characterized by supersonic speeds, the presence of shock waves, and high compressibility. Those 

features are crucial for the mathematical model to achieve accurate results.  

3.2.1. System performance indicator 

Coefficient of performance (COP) represents the cooling effect produced in the evaporator relative 

to the heat energy consumed in the generator. Therefore, a higher entrainment ratio, along with a greater 

enthalpy change (heat absorption) in the evaporator compared to the enthalpy change (heat input) in the 

generator, will result in a higher COP and a more efficient system. This enthalpy difference ratio 

specifically compares the enthalpy change from the evaporator outlet (after the expansion valve) to the 

enthalpy change from the generator outlet (after the pump), as detailed in the following mathematical 

expression: 

𝐶𝑂𝑃 ≅
𝑚̇𝑒 ∙ (ℎ𝑒 − ℎ𝑣)

𝑚̇𝑔 ∙ (ℎ𝑔 − ℎ𝑝)
= 𝐸𝑅

(ℎ𝑒 − ℎ𝑣)

(ℎ𝑔 − ℎ𝑝)
  (1) 

Where (ℎ𝑒 − ℎ𝑣)  is the specific cooling capacity; (ℎ𝑔 − ℎ𝑝) represents the specific heat absorbed 

by the refrigerant at the generator.  

3.2.2. Equation formulation  

G E T NO Y S D D

Distance along ejector

Pressure Velocity

M

const. area section diffuser

y m s

to condenser

const. pressure
 mixing

completely 

mixed

shockwave

suction chamber

effective area

M=1

 

Figure 2. Working schematic of the ejector. 

Figure 2 presents a schematic of an ejector, divided into three theoretical sections: the suction 

chamber, constant-area mixing section, and diffuser.  The primary flow (𝑚̇𝑔) entrains the secondary 

flow (𝑚̇𝑒) from the suction chamber. Mixing occurs under constant pressure conditions, followed by 

complete mixing and a normal shock wave. The mixed flow 𝑚̇𝑐 is then compressed in the diffuser before 
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being discharged to the condenser. The theoretical model is built based on the conservation laws of 

mass, energy and momentum of the ejector. 

Under choked flow conditions, where the fluid velocity at the nozzle throat reaches the speed of 

sound, the primary mass flow rate is at its maximum. This rate is defined by the following equation from 

ideal gas dynamics: 

𝑚̇𝑔 = 𝐴𝑡

𝑝𝑔

√𝑇𝑔 + 𝑇𝑠𝑢𝑝

√𝜂𝑡

𝜅

𝑅
( 

2

𝜅 + 1
)  

𝜅+1
𝜅−1 (2) 

Where 𝑝𝑔 is the primary inlet pressure, 𝑇𝑔 is the saturation temperature at pressure 𝑝𝑔 and 𝑇𝑠𝑢𝑝 is the 

degree of superheat in the primary flow.  

In equation (2), 𝜂𝑡 denotes the primary nozzle's isentropic efficiency. 𝜅 and 𝑅 refer to the heat capacity 

ratio and the gas constant for the specific refrigerant used.  

The nozzle outlet area (𝐴𝑁𝑂) and throat area (𝐴𝑡) (see Figure 2) are determined using the following 

equation:  

𝐴𝑁𝑂 = (𝐴𝑡/𝑀𝑎𝑁𝑂) [
2

κ + 1
(1 +

κ − 1

2
𝑀𝑎𝑁𝑂

2 )]
(

κ+1
κ−1

)/2

 (3) 

The pressure at the nozzle outlet is a function of the primary inlet pressure and the nozzle outlet Mach 

number (M𝑎𝑁𝑂), as defined by the following equation: 

𝑝𝑁𝑂 = 𝑝𝑔 (1 +
𝜅 − 1

2
𝑀𝑎𝑁𝑂

2 )

−𝜅
𝜅−1

 (4) 

Therefore, it can be obtained for a given working fluid by the pressure at the secondary inlet of the 

ejector (𝑝𝑒) corresponds to the saturation condition and can thus be determined for a given working 

fluid using:  

𝑝𝑒 = 𝑓(𝑇𝑒,𝑠𝑎𝑡) (5) 

At critical operating mode, the secondary flow at the hypothetical throat (Figure 2) is assumed to be 

choked [23]: 

𝑀𝑎𝑒2 = 1 (6) 

The pressure of the secondary flow at the hypothetical throat (𝑝𝑒2) can be determined using the following 

expression: 

𝑝𝑒2 = 𝑝𝑒 (1 +
𝜅 − 1

2
𝑀𝑎𝑒2

2 )

−𝜅
𝜅−1

 (7) 

Under the constant-pressure mixing assumption, we consider the pressures of the primary and 

secondary fluids to be equal where they combine at the hypothetical throat [23]. This allows the cross-

sectional area occupied by the primary flow (𝐴𝑔2) at section 2 to be calculated with the following 

isentropic relation: 

 𝐴𝑔2 =
𝜙𝑝 𝐴𝑡

𝑀𝑎𝑔2
[

2

𝜅 + 1
(1 +

𝜅 − 1

2
𝑀𝑎𝑔2

2 )]
(

𝜅+1
𝜅−1

)/2

 (8) 

In equation (8), the secondary mass flow rate is calculated based on the required cooling capacity 

(𝑄̇𝑒), which is a key input for the model. This equation incorporates the Mach number of the primary 

stream at the constant area section (M𝑎𝑔2), and the efficiency of the primary flow from the nozzle outlet 

to the hypothetical section (ϕ𝑝) as follows: 
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𝑚̇𝑒   =
𝑄̇𝑒

(ℎ𝑒 − ℎ𝑣)
 (9) 

In equation (9), ℎ𝑒 represents the enthalpy at the evaporator outlet, while ℎ𝑣 denotes the enthalpy at 

the expansion valve outlet.  

Assuming choked flow, the hypothetical cross-sectional area of the secondary stream 𝐴𝑒2can be 

calculated using the following expression:  

 𝑚̇𝑒 = 𝐴𝑒2

𝑝𝑒

  √𝑇𝑒 + 𝑇𝑠𝑢𝑝,𝑒

√ 𝜂𝑒

𝜅

𝑅
(

2

𝜅 + 1
)

𝜅+1
𝜅−1

 (10) 

In equation (10), 𝑇𝑒 denotes the saturation temperature of the refrigerant, while 𝑇𝑠𝑢𝑝,𝑒 represents the 

applied superheat degree. The primary flow temperature at section 2 can be calculated from the primary 

inlet temperature using the following expression:  

𝑇𝑔2 =
𝑇𝑔 + 𝑇𝑠𝑢𝑝

1 +
𝜅 − 1

2 𝑀𝑎𝑔2
2

 (11) 

The flow velocities at the hypothetical throat can be obtained using the two following expression: 

𝑣𝑔2 = 𝑀𝑎𝑔2√𝜅 𝑅  𝑇𝑔2  (12) 

𝑣𝑒2 = 𝑀𝑎𝑒2√𝜅 𝑅  𝑇𝑒2   . (13) 

The mixing occurs within the constant area section (Figure 2) under constant pressure, where the 

kinetic energy from the primary flow transfers to the secondary flow. The mixing is considered complete 

at section 3. The velocity of the mixed flow (𝑣3) is determined using the relation presented in [24]:  

𝑣3 = (𝑣𝑔2 + 𝐸𝑅  𝑣𝑒2)
√𝜙3 

1 + 𝐸𝑅
 (14) 

The Mach number at section 3 is calculated as follows, where 𝛷3 represents the isentropic efficiency 

of the mixing process: 

𝑀𝑎3 =
𝑣3

√𝜅  𝑅  𝑇3

 (15) 

The temperature of mixed flow (𝑇3)  is obtained by applying the energy balance between section 2 

and 3: 

(𝑚̇𝑔 + 𝑚̇𝑒) (𝑇3 𝑐𝑝3
+

𝑣3
2

2
) = 𝑚̇𝑔 (𝑇𝑔2  𝑐𝑝𝑔2

+
𝑣𝑔2

2

2
) + 𝑚̇𝑒 (𝑇𝑒2  𝑐𝑝𝑒2

+
𝑣𝑒2

2

2
)  .   (16) 

It is assumed that a normal shock wave occurs between sections 3 and 4 of the mixed flow (constant 

area section). This shock wave is idealized as taking place over an infinitesimally short segment of the 

ejector, resulting in abrupt changes in fluid properties, including pressure, temperature, velocity, and 

density. The relationship between the static pressures before and after the shock wave, denoted as 𝑝
3
 

and 𝑝
4
, is given by: 

𝑝4 = 𝑝𝑔2 (1 +
2

𝜅 + 1
 𝜅 (𝑀𝑎3

2 − 1)) (17) 

In equation (17) it is considered that 𝑝3 = 𝑝𝑔2, then the Mach number after the shockwave M𝑎4 is:  
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𝑀𝑎4 = √
1 +

𝜅 − 1
2

𝑀𝑎3
2

𝜅 𝑀𝑎3
2 −

𝜅 − 1
2

 (18) 

The mixed flow through the diffuser undergoes an isentropic process, characterized by an isentropic 

efficiency of the diffuser section η
𝐷

 , the exit pressure 𝑝
𝐷

  can be expressed as: 

 𝑝𝐷 = 𝑝4 (1 + 𝜂𝐷

𝜅 − 1

2
𝑀𝑎4

2)

𝜅
𝜅−1

   (19) 

4. Results and Discussion 

The study aimed to evaluate common use in the refrigeration industry and emerging options suitable 

for ejector cooling systems. The reasons for these specific choices included high performance 

Hydrofluorocarbon (HFC) refrigerants R134a and R152a due to their widespread use; the natural 

refrigerant R600a (isobutane) was included because of its excellent thermodynamic properties and low 

GWP. New generation Hydrofluoroolefins (HFOs) with very low GWP, R1234yf, and R1233zd(E), 

were also considered to assess environmentally friendlier, and are potential alternatives to HFCs. 

4.1. Superheat of the secondary inlet flow 

 

Figure 3. Entrainment ratio as a function of 𝜟𝑻𝒔𝒉,𝒆. 

Figure 3 presents the effect of secondary flow superheating on the ejector entrainment ratio (ER). 

Across the full superheating range (1 to 11 K), the ERs of the selected refrigerants show only a slight 

decrease. As with the previous case, the variation in ERs with respect to ΔT𝑠ℎ,𝑒 can be explained using 

Equation 1. Compared to the ER variations caused by ΔT𝑠ℎ,𝑔, the changes in ERs due to ΔT𝑠ℎ,𝑒  are 

more uniform across all refrigerants. The ER curves are mostly parallel, with no irregular behavior 

observed for R1234yf and R134a, unlike in the previous analysis. 

This suggests that superheating at the inlet causes only minor changes in entrainment performance. 

The extent of ER variation depends on both the refrigerant type and operating temperature. For example, 

more noticeable ER fluctuations occur at higher operating temperatures, whereas variations are minimal 

at lower secondary flow inlet temperatures. 
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Figure 4 demonstrates the impact of secondary inlet flow superheating on overall system 

performance. Unlike the entrainment ratio, the coefficient of performance (COP) shows significant 

sensitivity to variations in superheating. As seen in the figure, increasing the superheat leads to improved 

system performance. This trend can be explained by the COP formulation: as the degree of superheating 

increases, the specific enthalpy of the secondary inlet flow rises accordingly. Since the enthalpy 

difference Δℎ𝑒is directly proportional to the COP, an increase in superheat results in a higher COP. 

Furthermore, as previously discussed, the change in secondary mass flow rate with respect to ΔT𝑠ℎ,𝑒 

is minimal. Therefore, the positive effect of superheating on COP remains dominant, confirming that 

elevated superheat at the secondary inlet enhances system performance. 

This observation aligns with findings from earlier experimental studies [22], [25] which 

reported that superheating in the secondary inlet flow is commonly present. Due to the suction 

mechanism pulling refrigerant from the evaporator to the ejector inlet, a vacuum region forms, 

naturally inducing a degree of superheating. In the experimental investigation conducted for 

this thesis, the superheat at the secondary inlet was found to range from approximately 2 to 7 

K. 

 

Figure 4. Coefficient of performance as a function of 𝜟𝑻𝒔𝒉,𝒆. 

4.2. Coefficient of performance as a function of the generator temperature 

Figure 5 provides a comparative overview of the coefficient of performance (COP for seven distinct 

working fluids. The performance of these refrigerants was evaluated under uniform operating 

conditions: a generator temperature (𝑇𝑔) of 90°C, a condenser temperature (𝑇𝑐) of 35°C, an evaporator 

temperature (𝑇𝑒) of 10°C. 

R152a and R134a demonstrate the most superior performance, achieving the highest COP among all 

refrigerants tested. Which is primarily because of advantageous thermodynamic properties of R152a, 

such as suitable latent heat and specific heat capacity values, which positively contribute to both the 

ejector's operational effectiveness and the overall cycle efficiency under these specific conditions. 

Following R152a and R134a, R600a and HFO R1234ze(z) also exhibit notable high COP values.  R600a 

and R1234ze(z) are competitive COP profiles when compared against the other common working fluids. 
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Moreover, these two refrigerants are environmentally friendly (low GWP), making them great 

alternatives, suitable for this thermal-driven cooling technology. Conversely, HFO R1233zd(e) records 

lower COP values in this comparison, thus it is not suitable for ejector cooling applications in terms of 

thermodynamics performance.  

Compared with entrainment ratios shown in Figure 4, higher entrainment ratios also tend to yield 

higher coefficients of performance. This correlation is expected, as a higher ER signifies a greater mass 

flow rate of the secondary fluid (from the evaporator) per unit mass of the primary fluid, which typically 

translates to an increased cooling capacity. Nevertheless, the COP is not solely dictated by the ER; it is 

also significantly influenced by other specific thermodynamic properties of each refrigerant that affect 

the required heat input in the generator and the overall energy balance within the refrigeration cycle. 

 
Figure 5. COP as a function of the saturation at the generator. 

5. Conclusions 

This study presented a comprehensive theoretical investigation into the thermodynamic performance 

of ejector cooling system. A detailed one-dimensional mathematical model of the ejector, for the primary 

nozzle, mixing chamber, and diffuser was developed and implemented within the EES software. 

mathematical model developed in this study serves as a valuable and robust tool for the design and 

analysis of ejector cooling systems. 

Parametric analysis revealed that secondary flow superheating (𝛥𝑇𝑠ℎ,𝑒) exerts a positive influence on 

the COP, generally enhancing it while having a minimal impact on the entrainment ratio. However, 

further increase 𝛥𝑇𝑠ℎ,𝑒 has negative impact on the system performance. An increase in the generator 

temperature (𝑇𝑔) was typically found to improve both ER and COP, signifying enhanced system efficacy 

at higher heat source temperatures congruent with solar thermal energy inputs. Primary nozzle superheat 

was identified as a critical parameter, significantly affecting both ER and COP, thus underscoring its 

importance in the optimization of system performance. 

A comparative assessment of 5 selected working fluids (R134a, R152a, R600a, R1234ze(E) and 

R1233zd(E)) was conducted. Under the specified operating conditions, R134a and R152a demonstrated 

the highest COP, making them highly favorable working fluids. R1234ze(z), showed promising and 
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competitive performance, with COP values comparable to environmentally friendly R600a. This 

highlights their potential as effective, low-GWP alternatives in ejector cooling applications. 
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