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Abstract— There are several ways of improving the 

performance of a vapor compression refrigeration cycle. 

This paper provides you the various existing as well as some 

new and innovative methods which improves the Coefficient 

of Performance of Vapour Compression Cycle by using R-

1270 as a refrigerant. A thermodynamic model is developed 

and parametric study of each system keeping the Evaporator 

and Condenser temperature same in all the cases. It was 

found that the Ejector Expansion Refrigeration system 

achieves the significant improvement in coefficient of 

performance as compared to other system. Use of an ejector 

as expansion device is one of the alternative ways. One of 

the finest, simple and economic way to maintain all these 

aspects is the use of Ejector as an expansion device by 

replacing expansion or throttling valves. Complete cycle 

named as Ejector Expansion Refrigeration System with 

Liquid Vapour Heat Exchanger where the mixing takes 

place inside the mixing chamber of Ejector. The refrigerant 

used is an Eco-Friendly refrigerant Propylene (R1270). 

Although many advancements are implemented in Ejector 

Expansion Cycle but placing a liquid vapour heat exchanger 

in between constant mixing chamber is novel idea both in 

the field of academic and practice. 
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I. INTRODUCTION 

Now a day's world suffers from electricity crisis. The 

demand for electricity in world has been growing at an 

average rate around 6% annually over the last years, since 

the early 2000s[1]. The electricity consumption in the field 

of refrigeration and air conditioning systems is about 23% of 

the total electricity consumption. In order to reduce this 

demand a high energy efficiency systems should be adopted. 

The most commonly used system in refrigeration and air 

conditioning industry is a vapor compression refrigeration 

system[4]. There are several ways of enhancing the 

performance of a vapor compression refrigeration cycle. The 

use of the heat exchanger for sub-cooling and superheating 

is a conventional method. In conventional Vapor 

Compression Refrigeration cycle (VCR), the expansion 

process is normally done either by throttle valve or by a 

capillary tube. This throttling is an irreversible process with 

lot of entropy generation which leads to reduction in the 

refrigeration effect thereby affecting the Coefficient of 

Performance (COP) of the system. Ejector expansion is very 

effective approach to overcome the problem of throttling 

loss in the refrigeration cycle. However, the use of ejector in 

vapor compression system for the performance 

improvement was first proposed in the 1990s by Kornhauser 

[2], who analyzed this modified cycle by taking R12, R22, 

R113, R717 and R114 as a refrigerant and found a COP 

improvement up to 20% as compared to conventional VCR 

cycle for an evaporator temperature of -15
0
C and a 

condenser temperature of 30
0
C. Ejector reduces the 

compressor work by raising the suction pressure to a level 

higher than that of which in turn improves COP of the 

system.  It also enables to reduce size of the evaporator. In 

all these researches done by pioneered researchers makes 

this EERS cycle is much more efficient than conventional 

VCR cycle and is widely excepted in HVAC industry . 

Gourav et al. [3] in their work, using ejector as an expansion 

device, R 170 yields a maximum COP improvement of 

24.12 percent. For given evaporator temperature 208K, 

condenser temperature 242K and refrigerant, calculations 

were performed to observe effect of mixing temperature. 

II. SYSTEM DESCRIPTION AND ANALYSIS 

VCR cycle is widely used and acceptable cycle, therefore it 

is necessary to improve its COP. These are the following 

and existing method as discussed below 

There are various methods in order to increase the 

performance of VCR cycle. 

1) By under-cooling the liquid refrigerant 

2) Under-cooling with the help of refrigerant gas 

3) Sub-cooling of liquid refrigerant by liquid 

refrigerant from expansion valve 

4) Ejector Expansion Refrigeration System (EERS) 

5) Modified Ejector Expansion System(modified 

EERS) 

The above three methods are the conventional one 

and last two other methods are the new and innovative 

approach which improves the coefficient of Performance 

(COP) of the system.  

A. By Under-Cooling the Liquid Refrigerant 

If the condensing temperature T2 of the refrigerant is say 

40
0
C and cooling water available say at 25

0
C, the liquid 

refrigerant comes out from the condenser say at 40
0
C and it 

is further cooled in another cooler to 35
0
C with the help of 

water at 25
0
C, then it is known as under cooling of the 

refrigerant. If this under cooled refrigerant is throttled, then 

the cycle becomes 1-2-3-4-1 (as shown in Fig.1 along with 

its T-S diagram). This obliviously shows that the 

refrigerating effect because of under cooling is more and 

this can be achieved without increase in work. Therefore the 

COP with under cooling is more. 

But for such cooling extra under cooler and pump 

is required this makes the system bulky as well as difficult 

to install. 
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Fig. 1: Schematic diagram of the system along with its T-S 

curve. 

B. Under-cooling of Liquid Refrigerant with the help of 

Refrigerant Gas 

In such cases, an additional heat exchanger is provided as 

shown in Fig.2 where the refrigerant gas saturated 

temperature T1 is passed from one side and saturated liquid 

at T2 is passed from the other side. The effect of this under 

cooling is shown as on T-s diagram. 

The effect of heat exchanger is to cool the 

refrigerant liquid from 4 to 4' and effect of this, the 

refrigerant gas is heated from 2 to 2'. 

 

 
Fig. 2: Schematic diagram of the system along with its T-S 

curve 

The original COP without heat exchanger is  

COP1=  

COP2=  

No doubt, the refrigerating effect after the under 

cooling is higher than but the compression work also 

increases, sometimes increase of refrigeration effect is very 

negligible as compared to work input. This type of under 

cooling is not favorable in all the cases and generally used in 

low temperature application. 

C. Ejector Expansion Refrigeration (EES) 

The layout of the ejector expansion vapor compression 

refrigeration cycle and the corresponding P-h diagram is 

shown in Fig. 3. The primary flow from the condenser (state 

3) and the secondary flow from the evaporator (state 8) are 

expanding through primary and secondary nozzles, 

respectively (3–4 and 8–9) to mixing chamber pressure, 

mixing at constant pressure (4, 9–10). The mixed flow is 

discharged through the diffuser (10–5) of the ejector and 

then separated in forms of vapor (state1) 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 (7–8), whereas the 

vapor circulated through the compressor (1–2) and the 

condenser (2–3).  

 
Fig. 3: Schematic diagram of the EER system along with its 

T-S curve 

D. Modified Ejector Expansion Refrigeration 

The primary flow from the condenser passed through 

primary nozzle where it expands form P3-P4 and entrains the 

refrigerant vapour from the evaporator with a pressure drop 

from P8-P9. Mixing of both the phases of refrigerant takes 

place in a constant mixing chamber at constant pressure 
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point 10. Cold mixed refrigerant at point 10 exchanges heat 

with the liquid coming out from the separator point 6, so 

that subcooling takes place from 6-6' with temperature of  

3
0
C. 

High pressure motive stream expands in the motive 

nozzle and entrains the low pressure super-heated suction 

stream in to the mixing section, then the two streams are 

mixed in the mixing section , and the mixed section flows 

through the diffuser and increasing its pressure along the 

way as shown in Fig 4 and 5 these pressurized mixed 

streams passed through a separator where vapour and liquid 

refrigerants are separated, the vapour refrigerant moves into 

compressor and liquid refrigerants moves into evaporator 

just like in simple VCR cycle. 

 
Fig. 4: Schematic Diagram of Ejector Expansion Cycle                                              

 
Fig. 5: P-h Curve of EERS with Heat Exchanger with Liquid 

Vapor Heat Exchanger 

III. METHODOLOGY  

The parameters used in modified EERS cycle which 

significantly influence the system performance [8] are as 

follows. 

A. Entrainment Ratio (µ):  

It is the ratio of secondary mass flow rate of refrigerant 

coming out from the evaporator (Vapor) to the primary mass 

flow rate of refrigerant coming out from the condense 

(liquid).   

µ=      (1) 

            (2) 

         (3) 

B. Pressure Lift Ratio (¥):  

It is the ratio of diffuser exit pressure (P5) to secondary 

nozzle inlet pressure (P8). 

¥=                           (4) 

C. Secondary Nozzle Pressure Drop (𝛷):  

It is the amount of vapor refrigerant pressure drop that takes 

place in secondary nozzle coming out from the outlet of the 

heat exchanger. 

𝛷=P8-P9   (5) 

D. Geometric Area Ratio (£):  

It is the ratio of mixing chamber area (a4+a9) to Primary 

nozzle exit area (a4). 

              (6) 

Although the values of cross sectional area of 

nozzle exits and mixing section depends on ejector design, 

for simplicity, one can take a10=a4+a9   

The ejector-expansion vapor compression 

refrigeration cycle has been modeled based on the mass, 

momentum and the energy conservations in each 

component. To simplify the theoretical model and setup the 

equations per unit total ejector flow, the following 

assumptions have been made: 

 Neglect the pressure drop in the condenser, 

evaporator, separator and the connection tubes. 

 No heat transfer with the environment for the 

system except in condenser. 

 The refrigerant conditions at the evaporator and 

condenser outlets are saturated. 

 The vapor stream from the separator is saturated 

vapor and the liquid stream from the separator is 

saturated liquid. 

 The flow across the expansion valve or the throttle 

valves is isenthalpic. 

 Both the motive stream and the suction stream 

reach the same pressure at the inlet of the constant 

area mixing section of the ejector. There is no 

mixing between the two streams before the inlet of 

the constant area mixing section. 

 The expansion efficiencies of the motive stream 

and suction stream are given constants. The 

diffuser of the ejector also has a given efficiency. 

 Kinetic energies of the refrigerant at the ejector 

inlet and outlet are negligible. 

 Degree of subcooling is 5
0
C inside mixing 

chamber. 

IV. RESULTS  

A. Based on Coefficient of Performance 

Cooling COP of all the five cycles was evaluated by 

developing thermodynamic model, and found that COP of 

modified EER cycle along with liquid vapor heat exchanger 

inside mixing chamber produces maximum cooling COP  as 
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compared to the VCR cycles which incorporates 

conventional ways in order to improve its coefficient of 

performance(COP). It was found that COP of EER with 

liquid vapor heat exchanger was found that 20.1% of COP 

improvement was found when compared with VCR cycle 

that incorporates under cooling of  liquid Refrigerant with 

the Help of Refrigerant Gas. 23.65% COP improvement was 

found when compared with cycle that incorporates Under 

Cooling the Liquid Refrigerant. And 19.58% improvement 

was found when compared with VCR cycle that 

incorporates Subcooling of Liquid Refrigerant by Liquid 

Refrigerant From Expansion Valve. 

V. CONCLUSION 

This paper provides you the complete of comparison of 

Ejector cycle with conventional VCR as well as modified 

VCR system by using eco friendly refrigerant R1270. Along 

with its variations with different parameters. Proposed 

EERS is better than the conventional systems as it increases 

the refrigeration effect and reduces the compressor work at 

the same time. Mixing chamber is fresh and innovative way 

to enhanced the EER system as much as possible, so we 

model a modified Ejector Expansion Refrigeration System 

by increasing its refrigeration effect. 
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