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Abstract— Recently, in refrigeration industry the use of 

efficient ejector refrigeration systems has been paid a lot of 

attention. These systems sound even more interesting when 

they are a combination of different kinds of conventional 

refrigeration systems. In this report thermally consisting of 

different types of refrigeration systems with and without 

ejector are proposed and investigated thermodynamically. In 

this report after the detailed study of the refrigeration 

system, the detailed study and analysis of the refrigeration 

system with ejector would be done and deviation in the 

performance of the system with ejector and without ejector 

will be studied. The performances of hybrid ejector systems 

are analyzed and optimized, using the Engineering Equation 

Solver. And also analysis of parameters like mass flow rate 

of working fluid, network, thermal efficiency of the cycle 

varies with the variation in inlet temperature of evaporator, 

condensation temperature, compressor pressure and 

different working parameters of the refrigeration systems. 

Keywords: Ejector refrigeration system, hybrid system, co-

efficient of performance 

I. INTRODUCTION 

The ejector is a component that expands a high-pressure 

primary substance to absorb a secondary substance at a 

pressure slightly above the low pressure reached by the 

primary substance. In refrigeration cycles, the two 

substances are identical, so both flows mix together leading 

to mixture pressure increase due to the change of the flows 

momentum. An ejector is composed of a nozzle and a body. 

The nozzle is convergent divergent with a throat that defines 

the primary mass flow rate. The role of the nozzle is to 

create a low-pressure flow with high momentum, so it 

transforms the pressure potential energy into kinetic energy. 

 
Fig. 1: A conventional ejector refrigeration system 

 Fig. 1 shows a basic CERS. It mainly consists of a 

generator, an evaporator, a condenser, expansion device, 

ejector and circulating pump. In this system, the vapor 

(primary fluid) from the generator at high pres-sure flows 

through the nozzle of the ejector and entrains the vapor 

(secondary fluid) from evaporator at low pressure. The 

primary fluid and secondary fluid then mix in the mixing 

section and recover a pressure in the diffuser. The combined 

fluid flows to condenser where it condenses. And then the 

condensate is divided into two parts: one is pumped back to 

the generator and the other flows through the expansion 

device and enters the evaporator, where it is evaporated to 

vapor. The vapor is finally entrained into the ejector again, 

thus finishing the ejector refrigeration cycle. 

II. DESCRIPTION OF DIFFERENT REFRIGERATION SYSTEM 

A. Vapour Compression Refrigeration System with Ejector: 

 
Fig. 2: Schematic diagram of combined ejector vapour 

compression refrigeration system 

 
Fig. 3: p-h diagram 

1) Thermodynamic Analysis:  

Compressor work:         h5-h4 

Refrigerating effect:       h2-h7 

COP:                               h2-h7/h5-h4 

Entrainment ratio:           ms/mp  

B. Vapour compression refrigeration system without 

ejector: 
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Fig. 4: Schematic diagram of  vapour compression 

refrigeration system 

 
Fig. 5: p-h diagram 

1) Thermodynamic analysis:  

Compressor work:         h2-h1 

Refrigerating effect:      h1-h4 

COP:                             [ h1-h4 ] /[ h2-h1] 

 The layout of the ejector expansion vapour 

compression refrigeration cycle in figure and the 

corresponding Pressure−Enthalpy diagram is shown in 

figure.  The primary flow from the condenser (state 1) and 

the secondary  flow from the evaporator (state 2) are 

expanding through primary  and secondary nozzles, 

respectively (1–1b and 2–2b) to mixing  chamber pressure, 

mixing at constant pressure (1b, 2b–3m). The  mixed flow is 

discharged through the diffuser (3m–3) of the  ejector and 

then separated in forms of vapour (state 4) and liquid  (state 

6) so that this ratio matched with the inlet ratio of primary  

and secondary flows. Then the liquid circulates through the 

expansion valve (6–7) and evaporator (7–2), whereas the 

vapour flows into the compressor (4-5) and the condenser 

(5-1). There are three ejector parameters, entrainment ratio 

(secondary mass flow to primary mass flow), PLR (diffuser 

exit pressure to secondary nozzle inlet pressure), and 

geometric area ratio (total nozzle exit area to primary nozzle 

exit area), which greatly affect  the system performance. 

III. LITERATURE REVIEW 

Jianlin Yu, et al. [1] A new ejector refrigeration system 

(NERS) with an additional liquid–vapor jet pump was 

proposed. The jet pump was used to decrease the 

backpressure of the ejector, and then the entrainment ratio 

and the coefficient of performance (COP) of the new system 

could be increased. The theoretical analysis and simulation 

calculation was carried out for the new system. The 

comparison between NERS and conventional ejector 

refrigeration system (ERS) was made under the same 

operating condition. The variety of the new systems COP 

with generator temperature and backpressure was talked 

about for two refrigerants: R134a and R152a. The figuring 

results demonstrate the COP of NERS might be enhanced all 

the more adequately and that happens at the expense of 

more pump work. From the point of perspective of exergy, 

the new framework is of higher exergetic effectiveness and 

feasible. 

Daqing Li, et al. [2] An ejector development transcritical 

Co2refrigeration cycle is proposed to enhance the COP of 

the fundamental transcritical Co2cycle by lessening the 

development process misfortunes. A steady weight blending 

model for the ejector was created to perform the 

thermodynamic investigation of the ejector development 

transcritical Co2cycle. The impact of the entrainment degree 

and the weight drop in the getting area of the ejector on the 

relative execution of the ejector development transcritical 

Co2cycle was researched for regular cooling operation 

conditions. The impact of diverse working conditions on the 

relative execution of the ejector extension transcritical Co2 

cycle was additionally explored utilizing expected qualities 

for the entrainment  proportion and weight drop in the 

getting area of the ejector. It was observed that the COP of 

the ejector development transcritical Co2cycle might be 

enhanced by more than 16% over the fundamental 

transcritical Co2cycle for regular ventilating operation 

conditions. 

Hua Zhao, et al. [3] This  paper displayed a novel 

autocascade refrigeration cycle (NARC) with an ejector. In 

the NARC, the ejector is utilized to recoup some accessible 

work to build the compressor suction weight. The NARC 

empowers the compressor to work at lower weight degree, 

which thusly enhances the cycle execution. Hypothetical 

reckoning model focused around the constant weight 

blending model for the ejector is utilized to perform a 

thermodynamic cycle examination for the NARC with the 

refrigerant mixture of R23/R134a. The impacts of some 

principle parameters on cycle execution were examined. The 

results demonstrate the NARC has an extraordinary 

legitimacy in diminishing the weight proportion of 

compressor and in addition increasing the COP. For NARC 

worked at the condenser outlet temperature of 40 C, the 

evaporator channel temperature of 40.3 C, and the mass part 

of R23 is 0.15, the weight proportion of the ejector 

compasses to 1.35, the weight proportion of compressor is 

diminished by 25.8% and the COP is enhanced by 19.1% 

over the routine autocascade refrigeration cycle. 

Stefan Elbel, et al. [4] This study presents test results got 

from a transcritical R744 framework utilizing a refrigerant 

ejector. The results were contrasted with that of an ordinary 

framework with a development valve. For the test conditions 

considered, the cooling limit and COP           simultaneously 

enhanced by up to 8% and 7%, individually. Trials were 

broke down to quantitatively evaluate the consequences for 

framework execution as an aftereffect of progressions in 

essential ejector measurements, for example, thought 

process spout and diffuser estimating. Little plot of 5 c 

yielded best comes about for the static weight recuperation 

of the rapid two-stage stream entering the diffuser. Tests 

affirmed that like in an ordinary transcritical R744 

framework with extension valve, the high-side weight 

control coordinated into the ejector could be used to expand 

the framework execution. Numerical reproduction results 

helped recognizing this essential pattern. Because of 

troubles in the ejector throat weight estimations, a more 

useful execution metric was acquainted in place with 

evaluate general ejector efficiencies. As indicated by this 

definition, the model ejector had the capacity recoup up to 

14.5% of the throttling misfortunes. 

Matthew Birnie, et al. [5] An ejector refrigeration 

framework using water as a refrigerant is displayed in this 

report. Waste hotness from the fumes of a 11hp air cooled 

inside burning motor is supplied to a heater to bubble fluid 

water to a soaked vapor. This motor is joined with a 
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generator for which a custom burden bank has been made to 

give a variable load on the motor. The vapor then enters a 

meeting wandering spout called an ejector, quickening the 

vapor to supersonic paces. The mix of the kettle ejector 

stage utilizes this motor vitality to supply the important 

packing that the compressor in a run of the mill vapor 

layering cycle gives. Utilizing this strategy a volume will be 

cooled to 13°c in an encompassing temperature of 39°c 

without extra vitality necessities, as the hotness from the 

fumes is ordinarily disposed of to the air. A Mat lab 

reproduction was composed to focus the state in the ejector 

and each one hotness exchanger. Utilizing this recreation the 

important measurements of each one hotness exchanger 

were resolve. 

L. Kairouani, et al. [6] In this study, an enhanced cooling 

cycle for a routine multi-evaporators basic squeezing 

framework using ejector for vapor pre-compression is 

examined. The ejector-improved refrigeration cycle 

comprises of multi-evaporators that work at diverse pres-

beyond any doubt and temperature levels. An one-

dimensional scientific model of the ejector was created 

utilizing the mathematical statements legislating the stream 

and thermodynamics focused around the steady territory 

ejector stream model. The model incorporates impacts of 

rubbing at the steady territory blending chamber. The 

vitality productivity and the execution qualities of the novel 

cycle are hypothetically explored. The correlation between 

the novel and routine framework was made under the same 

working conditions. Additionally, an examination of the 

framework exhibitions with environment inviting 

refrigerants (R290, R600a, R717, R134a, R152a, and 

R141b) is made. The hypothetical results demonstrate that 

the COP of the novel cycle is superior to the customary 

system. 

V.O. Petrenko, et al. [7] In this paper an imaginative 

micro-trigeneration framework made out of a cogeneration 

framework furthermore a course refrigeration cycle is 

proposed. The cogeneration framework is a joined together 

hotness furthermore control framework for power era and 

hotness creation. The course refrigeration cycle is the 

mixture of a Co2mechanical clamping refrigerating machine 

(MCRM), fueled by created power, and an ejector cooling 

machine (ECM), determined by waste high temperature and 

utilizing refrigerant R600. Impact of the cycle working 

conditions on ejector and ejector cycle exhibitions is 

concentrated on. Ideal geometry of the ejector and execution 

attributes of ECM are dead set at extensive variety of the 

working conditions. The paper additionally depicts a 

hypothetical dissection of the Co2sub-basic cycle and 

demonstrates the impact of the MCRM dissipating 

temperature on the course framework execution. The 

acquired information give fundamental data to outline a 

little scale course framework with cooling limit of 10 kw for 

application in micro-trigeneration frameworks. 

Zine Aidoun, et al. [8] An outline system for basic ejector 

refrigeration frameworks of fixed cooling limit working 

with settled temperatures of the external fluids entering the 

generator, the condenser and the evaporator is displayed and 

requested a specific synthesis of these four parameters. The 

results make the presence of ideal qualities for the 

refrigerant weight in the generator (PG) and the temperature 

contrast in the hotness exchangers (DT) which minimize the 

aggregate warm conductance of the framework. These ideal 

qualities of pg and especially intriguing since they yield 

high values for the coefficient of execution and the exergetic 

effectiveness of the framework. They have been dead set for 

four refrigerants (R134a, R152a, R290, and R600a). A goal 

capacity, which to a first close estimation is corresponding 

to the result of the capital and operational expenses, is 

characterized and used to think about the execution of the 

system with these refrigerants. 

Fang Liu, et al. [9] This paper exhibits a technique for 

deciding inside ejector segment efficiencies utilizing a two-

stage stream ejector model. The measured execution 

information outside to the ejector in conjunction with the 

ejector model were utilized to focus the isentropic 

efficiencies of the intention and suction spouts, and the 

effectiveness of blending area. It was discovered that ejector 

segment efficiencies fluctuate with ejector geometries and 

working conditions, which are not the same as the steady 

efficiencies expected by past scientists. The efficiencies of 

the controllable ejector thought process spout, suction spout 

and blending segment range from 0.50 to 0.93, from 0.37 to 

0.90, and 0.50 to 1.00, separately, in Co2refrig-eration 

cycles under diverse working conditions. Observational 

connections were made and joined into a Co2air molding 

framework model to gauge ejector part efficiencies at 

distinctive ejector geometries and working conditions. 

Ming Ma, et al. [10]  This paper exhibits another ejector 

improved vapor layering refrigeration cycle operating with 

the refrigerant R32. In this cycle, an ejector with two suction 

bays is utilized to recuperate the extension process 

misfortunes of the cycle. The hypothetical model for the 

developed cycle is built and the execution of this cycle 

utilizing refrigerant R32 is examined. Moreover, the 

execution correlations of the created cycle, essential vapor 

clamping refrigeration cycle and traditional ejector 

extension refrigeration cycle have additionally been 

completed. The hypothetical study demonstrates that the 

created cycle gives a higher cooling (warming) limit and a 

higher coefficient of execution. The recently created cycle 

could make a commitment for the application of refrigerant 

R32 in refrigeration system. 

M. Yari, et al. [11] As of late, in refrigeration industry the 

utilization of productive double evaporator refrigeration 

frameworks has been gave careful consideration. These 

frameworks sound much all the more intriguing when they 

are a mixture of various types of ordinary refrigeration 

frameworks. In this paper three thermally determined 

chillers consisting of ingestion refrigeration and ejector-

extension transcritical course Co2 cycles are proposed 

what's more researched thermodynamically. The 

frameworks are called "hybrid double evaporator" cycles. 

The stomach muscle sorption cycle in the frameworks is 

either the single-impact or twofold impact arrangement 

stream or twofold impact parallel-stream cycle for each of 

which a sunlight based authority is considered to supply the 

obliged high temperature in their generator. The exhibitions 

of cross breed double evaporator frameworks are examined 

and advanced, utilizing the Engineering Equation Solver and 

applying the standards of protection of mass and vitality too 

as the exergy equalization to every segment of every 

framework. Results demonstrate that brushing the twofold 

impact parallel ingestion refrigeration framework with 
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ejector-extension framework gives the most astounding 

coefficient of execution among alternate arrangements. In 

any case, a blend of single-impact retention refrigeration 

framework with ejector-extension cycle may be favored 

because of its less multifaceted nature and sensible exergy 

effectiveness. Comes about additionally uncover that at 

ideal generator temperature of 72.92 C. the coefficient of 

execution and exergy effectiveness of half and half double 

evaporator with single-impact assimilation are 1.182 and 

0.2564, individually. What's more, it is watched that 

expanding the cooling limit proportion from 1 to 6 results in 

expansions of the coefficient of execution and exergy 

effectiveness of designs by up to 36.32% and 11.5% 

individually. 

A. B. KASAEIAN, et al. [12] In this study, another model 

of a sunlight based joined ejector-vapor layering 

refrigeration framework has been considered. The 

framework is outfitted with an inside hotness exchanger to 

upgrade the execution of the cycle. The impacts of working 

liquid and working conditions on the framework execution 

including COP, entrainment degree (ω), packing degree (rp) 

and exergy proficiency were examined. Some meeting 

expectations liquids proposed are: R114, R141b, R123, 

R245fa, R600a, R365mfc, R1234ze and R1234ze. The 

results demonstrate that R114 and R1234ze yield the most 

astounding COP and exergy productivity emulated by R123, 

R245fa, R365mfc, R141b, R152a and R600a. It is 

recognized that the COP estimation of the new sunlight 

based ejector-vapor squeezing refrigeration cycle is higher 

than that of the routine ejector cycle with R1234ze for all 

working conditions. This paper likewise exhibits that 

R1234ze will be a suitable refrigerant in the sunlight based 

joined together ejector-vapor squeezing refrigeration 

framework, because of its ecological amicable properties 

and better execution. 

Adriano Milazzo, et al. [13] Ejector refrigeration has been 

learned at DIEF (Dipartimento di Ingegneria Industriale 

Firenze) since the '90s. Utilization of ecologically sheltered 

liquids (steam) was tended to. A two-stage model with 

cooling limit 5 kw was upgraded and constructed. Later, the 

CRMC solution for the outline of the supersonic diffuser 

was centered. By a slow decrease of the liquid speed Further 

more a constant profile, the CRMC outline guarantees a 

diminishment of the typical stun that generally creates in the 

blending chamber. A second 40 kwf model was composed 

in 2010 for a mechanical accomplice (Frigel Firenze s.p.a.). 

The outline strategy utilized a thermodynamic code 

representing genuine gas conduct. This code gives a first 

outline of the blending chamber and diffuser as per the 

CRMC measure. It likewise gives an estimation of the 

grating misfortune along the diffuser. A correlation between 

distinctive working liquids was performed and brought 

about the determination of R245fa. A first outline of the 

ejector was fabricated in carbon fiber. The essential spout is 

mounted on a portable backing, so as to transform its pivotal 

position as for the blending chamber.  As far as COP, 

first comes about were underneath the qualities anticipated 

by the reenactment code. In the interim a numerical 

reproduction was in advancement with FLUENT. From the 

first CFD results it was chosen that the diffuser throat must 

be moved forward from the essential spout retreat, keeping 

in mind the end goal to permit a complete blending between 

the essential and optional streams, and developed, the 

misfortunes experienced in the blending methodology being 

higher than anticipated and consequently the liquid 

thickness lower. This created a second ejector plan, which 

was fabricated and tried in 2012, demonstrating enhanced 

execution. These results recommended a third plan, with a 

further stretched diffuser, which has experienced a complete 

testing fight, permitting acceptance of the CFD results. The 

action performed till now proposes that ejector refrigeration 

plants have a powerful operation also might be effectively 

fabricated at generally minimal effort with off-the-rack 

parts, a part from the ejector itself, which however represent 

as little portion of the framework cost. Nonetheless, the 

COP is lower concerning retention refrigeration and 

henceforth needs significant change through definite 

thermodynamic and CFD plan enhancement. 

Suhas D Kshirsagar, et al. [14] The most recent 

advancements of the ejector refrigeration and joined 

together vapor packing ejector refrigeration frameworks are 

exhibited. Additionally their working conditions and the 

coefficients of execution, got by different researchers‟ 

hypothetical and trial studies, are given. The criticalness of 

the working liquid in the execution of the framework is 

underlined in conjunction with the intercooler, which 

permits the utilization of two separate refrigerants at once in 

the plane and compressor subsystems. Looking proper 

refrigerants, some hypothetical and trial studies demonstrate 

the points of interest of utilizing R134a within these 

frameworks. Nonetheless, the utilization of hydrocarbon 

refrigerants like isobutene (R600a) is proposed as a decent 

choice, in spite of the fact that examination and some 

wellbeing systems need to be produced before applying 

these "nature friendly" refrigerant. 

Milan N. Sarevski, et al. [15] The paper describes the 

investigations of a novel R718 refrigeration cycle with 

single stage centrifugal compressor and two-phase ejector as 

a second stage compression device. The limitations of the 

R718 centrifugal stage pressure ratio, connected with small 

molecular mass of the water and high isentropic exponent, 

result on high impeller peripheral speed, high Mach number 

and high discharge temperature. Reynolds number is low 

and dimensions of the compressor stage are large. The 

complex thermal and flow phenomena inside two-phase 

ejector flow field are investigated and performance 

characteristics are estimated. Although efficiency of the 

concept of compression with hydraulic pump and two-phase 

ejectors is lower, the integration of two-phase ejectors in the 

R718 centrifugal unit results in low cost high capacity 

refrigeration system with high energy efficiency, 

competitive with traditional refrigeration systems by 

environmental, technical and economical reasons. 

Gourav Patel, et al. [16] Since long time, it has been 

perceived that coolers are the gadgets which work very 

nearly 365 days round the clock; consequently goal of 

vitality effectiveness change pulls in much. There are a few 

methods for enhancing the execution of a vapor clamping 

refrigeration cycle. Utilization of an ejector as extension 

gadget is one of the option way. The coming of new 

segment "Ejector" into refrigeration framework opened the 

new period of examination. The crucial segment, which 

chooses the compelling operation of the ejector extension 

refrigeration framework, is the ejector. Consequently, plan 
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of an ejector and investigates of its physical furthermore 

operational parameters have drawn uncommon 

consideration. The thermodynamic investigation of regular 

refrigerant (R 170) based vapor pressure refrigeration cycles 

is displayed in this article utilizing a steady weight blending 

ejector as a development gadget. Utilizing ejector as a 

development gadget, R 170 yields a greatest COP change of 

24.12 percent. 

L. Garousi Farshi, et al. [17] Options to smelling 

ammonia/water absorption refrigeration cycles that have no 

requirement for cleansing incorporate smelling 

salts/Lino3and alkali/Nascn cycles. Like the other ingestion 

refrigeration cycles they have low coefficients of execution 

and exergy efficiencies at low generator temperatures. 

Joined together single impact cycles can diminish this issue. 

In these cycles the result development valve is supplanted 

with an ejector to take into consideration weight 

recuperation from the absorber and to upgrade blending of 

the frail result what's more refrigerant vapor from the 

evaporator. Reenactments are utilized to inspect the impact 

of different operating parameters on execution and the 

likelihood of crystallization in these cycles, and to analyze 

their exhibitions with single impact cycles. It is 

demonstrated that the joined together cycles have better 

performance than single impact ones at low generator 

temperatures. 

Cui Li, et al. [18] This paper displays a study on test and 

examination of variable region proportion ejector utilized 

within a multi-evaporator refrigeration framework (MERS). 

The trial apparatus and system are portrayed, and the 

entrainment and weight recuperation exhibitions of the 

variable ejector are measured at different operating and 

geometric conditions. The discriminating territory 

proportion is proposed as a marker of weight recuperation 

status; zone degrees more diminutive than the discriminating 

ones are obliged to verify that the framework works at 

vitality sparing mode. The examination results demonstrate 

that the entrainment degree, weight recuperation proportion 

what's more basic region proportion are firmly influenced by 

the essential weight and optional weight. More prominent 

entrainment degree might be gotten by expanding the 

auxiliary weight or diminishing essential weight. The 

inverse patterns are found for weight recuperation degree. In 

addition, the discriminating territory proportion differs 

incredibly with the operation condition, and could be 

anticipated by a linear fitting capacity of essential weight or 

a force work as far as optional weight. 

Armin Hafner, et al. [19] Supermarkets are commercial 

buildings with major energy consumption and relatively 

large contribution to direct emissions of greenhouse gases 

through refrigerant emissions of the refrigeration and air 

condition system. The majority of the European systems are 

applying HFC-404A as working fluid. Average annual 

leakage rates in Europe are in the range of 15-20% of the 

total charge. Worldwide the figure is about 30% and HCFC-

22 being the main refrigerant in use. Systems applying R-

744 as the only refrigerant have been developed and more 

than 2000 supermarkets exists in Europe, mainly in northern 

and mid-European countries. However, the systems still 

have large potential in development with respect to energy 

efficiency, heat recovery and cost efficiency. In this paper 

efficiencies and capacities for an R-744 supermarket system 

layout with ejectors and heat recovery have been compared 

for different climate conditions. First results show relevant 

improvements in system efficiency of up to 30%. 

M. Ramgopal, et al. [20] A two stage ejector suitable as an 

extension device in a Co2 based transcritical vapor clamping 

refrigeration framework is planned by developing the 

thermodynamic investigation and by interfacing with the 

framework recreation model. A uniting wandering spout is 

considered as essential spout of the ejector. For both 

configuration and parametric dissects, the efficiencies of 

spouts and diffuser have been thought to be 85% each. 

Further, gagged condition in the essential C-D spout and 

steady weight blending are expected. Parameters for 

example, COP, entrainment degree, weight lift and cooling 

limit were gotten for differing rationale bay and evaporator 

conditions. Intention delta is discovered to be vital for both 

execution and scope of attainable application. Results 

demonstrate a COP change of 21% contrasted with a 

proportionate ordinary CO 2 framework. A far reaching 

exergy investigation of the framework secures the defense 

of replacement of throttle valve by ejector in such system. 

IV. CONCLUSION 

On the basis of literature survey it has been found that an 

ejector refrigeration system is suitable for experimental 

studies, since it require ejector a simple component that 

significantly improves system performance. An ejector 

expansion cycle enhances the performance of a conventional 

CO2 cycle in a transcritical process for a gas cooler 

temperature above ambient temperature. A constant 

pressure-mixing-zone model for the ejector has been used to 

analyze the ejector thermodynamic cycle analysis. The 

influence of pressure drop at the ejector nozzle and gas 

cooler pressure on the performances of the ejector cycle is 

discussed using the model. From the theoretical results, it 

can be concluded that the NERC can improve the cycle COP 

and volumetric cooling capacity or heating capacity by 

using a two-stage suction ejector. 
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