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Abstract— Performance analysis of R32, Propylene, R600 R290, R600, R717 in VCR cycle by using ejector expansion 
technology.  use of constant pressure mixing ejector by us for the analysis purpose. In VCR cycle by fixing evaporating 
temperature and condenser temperature for all the refrigerants calculation of the COP, work done by the compressor and 
volumetric refrigeration capacity has been done for all the refrigerants.. .for each refrigerant deferent mixing pressure range 
found for which solution exist. And for given range of mixing pressure we found optimum pressure for which COP is 
maximum . Simple VCR and ejector based VCR has been compared on the basis of COP, work required by the compressor, 
and volumetric refrigeration capacity. Improvement in COP of R32, propylene, R600, R290, R717,R152a is 
13.484%,15.775% 11.91%,16.23 %,7.47, and 10.54%  respectively. . Optimum value of entrainment ratio for all the 
refrigerants also tabulated. 
 
Keywords— Vapour Compression Cycle, Ejector, COP, Evaporating and Condensing Temperature, Optimum Pressure. 
 
Nomenclature   

 
 
I. INTRODUCTION 
 
Expansion by throttling process is irreversible process 
isenthalpic process .it is not possible to recover the 
work by using throttling process. hence we have two 
option either we use expander or ejector for 
expansion process .if we use expander for expansion  
process  work recovery is possible but we cannot 
change volumetric flow rate though the expander 
because expander and compressor are coupled with 
same shaft  and hence volume  displacement rate are 
same. 
Secondly there is possibility of thermal losses by 
thermal conduction from sheared housing of 
compressor and expander. And finally Use of 
expander is costly 

Now a day’s use of Ejector is very popular due to its 
less complex design, no moving part, low cost and 
less maintenance cost.  
Use of ejector in vapour compression cycle is 
introduced by Kornhauser [1] in 1990. he use R12 as 
a refrigerant and get 21% improvement in COP 
.Nidhi [2] done experiment on synthetic refrigerant 
and he found maximum cop 22% increase in R141b. 
He et al. (2009) [3] done mathematical modeling of 
the ejector. Yari [4] done second law analysis of 
ejector 
sarkar (2012) [5] review give the information about 
ejector technology and effect of geometric and 
operating parameter on ejector performance.  
Stefan Elben and Neal Lawrence [6]  give the 
information about latest development in the field of 
ejector. He also suggests the future scope of research 
in the field of the ejector. Like implementation of 
ejector technology in real system. According to him 
Practical issues such as compressor oil return and 
design of efficient, compact liquid–vapor separators 
effect significantly on the implementation of ejector 
in real system.   Zhang  and  Tian [7] 
Gives  the information about effect of SNPD in the 
entrainment ratio and COP. He reported less effect of   
SNPD on  entrainment  ratio compare to COP . 
 Sarkar [8] use three refrigerant Propane  ,isobutene 
and Ammonia by varying   pressure lift ratio he 
reported maximum  26.1%  increase in COP in case 
of  Propane followed by 22.8 ,11.7 percent increase in 
isobutene and ammonia respectively. 
These papers already discuss about effect of pressure 
lift ratio and aria ratio on ejector expansion 
refrigeration cycle but no paper gives the comparative 
study of ejector performance with five different 
refrigerants. In this paper we take R717, R152a, 
propylene,R32, R290, R600 as a refrigerant .they 
have their  own optimum mixing  pressure  range . by 
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changing the mixing pressure ,maximum COP is 
obtained at particular mixing pressure. maximum   
volumetric refrigeration capacity of the compressor 
are calculated for  each refrigerant. volumetric 
refrigeration capacity give the information about 
compressor size. 
All the programming is done on EES softwere. 
 
II. SYSTEM DESCRIPTION 
 
Schematic diagram of the ejector expansion 
refrigeration cycle is shown in fig 1. The motive 
liquid flow from 1 and after passes from primary 
nozzle its velocity increases and pressure decreases. 
Due to low pressure in this region refrigerant from 
the evaporator sucked and passes though secondary 
nozzle. 
After passes from this primary and secondary nozzle, 
refrigerant mix at mixing chamber. And from mixing 
chamber refrigerant passes from diffuser where the 
pressure of refrigerant increases which is more than 
evaporating pressure. After passing diffuser separator 
separate liquid and vapour portion of refrigerant. Dry 
vapour refrigerant goes to compressor and liquid 
refrigerant passes from expansion device and finally 
reaches to evaporator. Advantage of this system is, it 
increases the suction pressure above evaporating 
pressure and hence reduce the compressor work done. 
As a result COP will increase.  Fig 2 shows the ph 
diagram of ejector expansion refrigeration cycle and 
it is clear from graph if ejector is not placed in the 
system compressor work done required to reach point 
‘5’ is ‘h5-h2’  and after ejector placed in system the 
compressor work required would be only  ‘h5-h4’  for 
one kg of refrigerant. Hence for one kg of refrigerant 
we recover ‘h4-h2’ amount of work.  
 

 
Fig 1. Ejector expansion refrigeration cycle. 

                                                                   

   
Fig 2. Ph diagram of ejector expansion refrigeration  cycle. 

III. MATHMATICAL MODELING OF 
EJECTOR 
 
3.1  While making Program  in EES  we take certain 
input data these are - 
1. Evaporating temperature (te) = -100C 
2. Condenser temperature (tc )  =   400C 
3. 90% Isentropic efficiency of both primary and   
     secondary nozzles  are assumed 
4. 80% Isentropic efficiency of diffuser (훈c) assmed. 
5  75% Compressor isentropic efficiency assumed. 
 
We use three conservation equations for the analysis 
of the ejector theses are [9]- 

 Conservation of mass..  
 Conservation of momentum.. 
 Conservation of energy. 

 
3.2 Equations- 
Saturated pressure at given Condensing temperature 
can be calculated as  
  푝 = 푝(푇 = 푡 )                                (1) 
 
Evaporating pressure at given evaporating 
temperature can be calculated as- 
   푝 = 푝(푇 = 푡푒)                               (2) 
 
At the exit of primary and secondary nozzle, pressure 
should be same  
    p1b	= 푝 																																															(3)         
Enthalpy at the inlet of primary and secondary nozzle 
can be calculated by equation .4and 5 as follows.  
	ℎ	 = ℎ	(	푇 = 푡푐	,푥 = 0)																						(4)         
ℎ = ℎ(푇 = 푡푒, 푥 = 1)																												(5) 
Entropy at the inlet of primary and secondary nozzle 
can be calculated by equation 6and 7 as follows- 
푠 	= 푆(푇 = 푡푐, 푥 = 0)																												(6)	 
푠 			= 	푆(푇 = 푡푒,푥 = 1)																									(7) 
 
Following equations are energy balance for primary 
and secondary nozzle  

ℎ = ℎ +
푣

2000 																																					(8) 

ℎ = ℎ +
푣

2000																																						(9) 
 
 Isentropic enthalpy at the exit of primary and 
secondary nozzle is given by following equations. 

 
Actual enthalpy at the exit of  primary and secondary 
nozzle are given by following equation 
ℎ = ℎ − 휂 (ℎ − ℎ )																									(12) 
ℎ = ℎ − 휂 (ℎ − ℎ )																								(13)  
 
Enthalpy and velocity of refrigerant after mixing are 
given by following equation 

ℎ =
1

1 + µ
(ℎ +

푣 )
2000 																						(14) 
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								+
µ

1 + µ
(ℎ +

푣
2000) −

푣
2000 

				푣 =
푣

1 + µ
+
µ.푣
1 + µ

																													(15)						 

 
Enthalpy at the exit of diffuser is calculated by 
energy follwing conservation equation 

	ℎ = ℎ +
푣

2000 																																									(16) 
Isentropic enthalpy is calculated from following 
equation- 

						ℎ = ℎ +
ℎ − ℎ

휂 																																	(17) 

Pressure at the exit of diffuser calculated from 
following equation- 
				푃3 = 푃푟푒푠푠푢푟푒 ℎ = ℎ ,푠 = 푠 																(18) 
 
Enthalpy of saturated vapour and saturated liquid   is 
calculated at pressure P3   as follows- 
ℎ = 퐸푛푡ℎ푎푙푝푦(퐹$,푝 = 푝 ,푥 = 1)																	(19) 
ℎ = 퐸푛푡ℎ푎푙푝푦(퐹$,푝 = 푝 ,푥 = 0)																	(20) 

 
Entropy at the inlet of compressor is calculated as 
follows - 
푠 = 푠 푝 = 푝 ,푥 = 1 																																											(21)     
 
Isentropic and actual enthalpy at the the exit of 
compressor is calculated as follows-  
ℎ = 퐸푛푡ℎ푎푙푝푦(푝 = 푝 , 푠 = 푠 )																							(22)  

 

	ℎ = ℎ +
ℎ − ℎ

휂 																																														(23) 

Specific volume at the inlet of the compressor is 
calculated as follows   
푣 = 푣[퐹$,푝 = 푝 = 푝 ,푥 = 1)																											(24) 
Iteration should be done until Entrainment ratio  
satisfy the following equation - 
 µ =

							
																																																																		(25)	 

work done by the compressor is calculated as 
follows- 

푊	 =
ℎ − ℎ
1 + 휇 																																																									(26) 

Refrigerating effect is calculated as follows- 
푞 = (ℎ − ℎ ). 																																															(27)	  
Volumetric refrigeration capacity is calculated as 
follows- 
퐶 = 			(ℎ − ℎ ). 																																																(28)	  
Coefficient of performance is calculated as follows- 
퐶푂푃	 = 	 																																																															(29)  
4. Result and discussion- 
for all the refrigerants we fix  operating condition . by 
taking evaporating temperature -100C and  
condensing temperature 400C . both primary and 
secondary nozzle  isentropic efficiency is assumed to 
have  0.9.and  isentropic efficiency of diffuser and  
compressor   is assumed  to have  0.8 and 0.75 
respectively. on the basis of these input parameter .  

We found certain range of mixing pressure at which 
solution for refrigerant is valid. Within this pressure 
range we found maximum COP and maximum 
volumetric refrigeration capacity. 
here it is noted that for each refrigerant mixing  
Pressure range is deferent depending upon its boiling 
point .for low boiling point refrigerant mixing 
pressure range high and vice versa. and hence we plot 
the graph between  ΔP (difference of evaporating and 
mixing pressure) and COP and also between ΔP and 
percentage increase in volumetric refrigeration 
capacity.   
 

Table 1   Percentage increase in COP with ejector 
compared to Simple VCR cycle 

 
 

Table 2 Percentage increase in C with ejector    
compared to Simple VCR cycle. 

 
 

 
Fig 3. Variation of COP of refrigerants  ΔP. 

 

 
Fig4. Variation in %improvement of volumetric refrigerant 

capacity with ΔP. 
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Based on above tables and graphs following results 
obtained. 

1. By changing the mixing pressure for the 
same temperature range variation in the COP 
of refrigerants is very small 

2. Maximum improvements in COP and 
volumetric refrigeration capacity, 16.23% 
and 19.55% respectively with ejector by 
using of R290 refrigerants. 

3. Minimum improvement in COP and 
volumetric refrigeration capacity,7.47%and  
and 10.37 % with ejector by using R717 as a 
refrigerant. 

4. when ΔP increases upto certain range COP 
and Volumetric refrigeration capacity 
increase and then decreases. hence for each 
refrigerant at fix operating condition 
optimum mixing pressure is fixed . 

 
V. VALIDATION OF RESULTS 
 
From J sarkar paper “Performance characteristics of 
natural-refrigerants based 
ejector expansion refrigeration cycles” we can 
validate the result.in this paper it is clearly mention 
the maximum performance improvement by using 
ejector in case of propane(R290). And minimum 
improvement in case of ammonia (R717) This paper 
also shows the same result. 
 
CONCLUSION  
 
Ejector expansion based vapour compression 
refrigeration cycle with varying mixing pressure 
studied.    it is clear that  up to certain range of ΔP, 
COP will increase with increase in ΔP and after 
which COP will decrease or remains constant. R600 
has maximum COP in ejector expansion as well as in 
simple vapour compression cycle but maximum 
improvement in  COP, saving of work and volumetric 
refrigeration capacity is noted in ejector expansion 
cycle with R290 refrigerant. 
R32 has maximum volumetric refrigeration capacity 
with simple (3769kJ/kg) as well as with ejector VCR 

cycle (4386kJ/kg).  hence by using ejector  expansion 
refrigeration cycle performance of VCR cycle will 
improve irrespective of refrigerant. But maximum 
improvement in case of propane and minimum 
improvement in case of ammonia occur. 
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