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Abstract 
 

Experimental and theoretical analysis investigations are achieved on the performance 

of the three-stage auto cascade refrigeration system. Energy and exergy analysis of 

auto cascade system is considered using zeotropic mixed hydrocarbon refrigerant R-

600a/R-290/R-170 at different mass fractions of (25.5/42.5/32), (24.25/42.75/33), 

(23/43/34) and (20.5/43.5/36) %. The experimental work was performed on test rig for 

three stages auto cascade refrigeration system of one ton capacity which is designed 

and constructed for the present study. The theoretical analysis was carried out using a 

simulation software PROII based on EES and REFPROP software. The investigated results 

of the mixed refrigerant R600a/R-290/R170 have showed an enhancement in COP and 

cycle capacity by about 12.39% and 15% respectively, and the evaporator temperature 

of the system has approached a relatively lower value of -60.3°Cat mass fraction 

(23/43/34) compared to the average value of the other mass ratios. The higher values 

of the exergy efficiency observed for the condenser, evaporator and compressor were 

0.92, 0.87 and 0.7 respectively. Comparison of the auto-cascade performance with R-

600a/R-290/R-170 at mass fraction (23/43/34) has displayed an enhancement around 

45.3 % in the cycle capacity and 39% reduction in the evaporator temperature 

compared to the mixed refrigerant R-134a/R-410A at mass fraction (70/30). The 

theoretical results have displayed a reasonable agreement compared to the 

experimental results with deviations 33%, 22%, and 18% in COP, cycle capacity and 

overall exergy efficiency respectively.  

 

Keywords: Auto-cascade system, hydrocarbon refrigerant, zeotropic mixture, second 

law analysis, exergy analysis 
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1.0  INTRODUCTION  

 

The applications of hydrocarbons (HCs) to replace 

conventional refrigerants in the refrigeration and air 

conditioning systems have been studied due to their 

zero ozone depletion potential (ODP) and negligible 

global warming potential (GWP) [1, 2]. In addition, 

HCs also have favorable advantages such as 

availability, non-toxicity, high miscibility with mineral or 

synthetic oil, etc. [3]. Although the main 

disadvantage of HCs is their flammability, they may 

be acceptable by reducing the charge quantity to 

meet the requirements of safety. Thus, their use as 

refrigerants in domestic refrigerators is very attractive. 

In particular, R600a has already been used for 

domestic refrigerators in Europe and Asia [4]. Also, the 

applications of R290 in domestic refrigerators are 

being studied by some companies. 

Although there are many studies performed by 

researchers about pure HCs as refrigerants in 

domestic and commercial refrigerators, the use of 

HCs mixtures of properly chosen components as the 

refrigerants has also attracted more attention [5, 6]. 

Among HCs mixtures, the zeotropic mixtures such as 
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R290/R600a or R290/R600 are characterized by a 

temperature change during phase transitions at 

constant pressure (typically called temperature 

glide). The temperature glide exhibited by a zeotropic 

mixture can be utilized effectively in heat exchangers 

to reduce irreversibilities, which leads to a better cycle 

performance [7]. Thus, zeotropic HCs mixtures not only 

offer the environmentally benign, but also the 

thermodynamic advantage in improving the energy 

efficiency of domestic refrigerators. However, 

previous studies of zeotropic HCs mixtures in domestic 

refrigerators mainly focused on the applications in a 

conventional refrigeration cycle (CRC) system. In the 

CRC, the potential of zeotropic mixtures with the 

temperature glide feature has been already 

exploited, where it is the basis of improved cycle 

performance. In fact, zeotropic mixtures also have 

the characteristics of composition shift, which can be 

used to achieve auto refrigerant cascade 

refrigeration, i.e. the auto cascade refrigeration 

system uses mixed refrigerants to achieve multilevel 

cascade through one compressor, which can obtain 

a low temperature of -60 °C and therefore greatly 

simplify the system [8]. Performance investigation of 

an auto cascade refrigeration system using zeotropic 

refrigerant R744/R134a and R744/R290 found that the 

auto cascade refrigeration cycle has a merit of low 

operating pressure as low as that in a conventional 

vapor compression refrigeration cycle. Natural 

refrigerants with relatively small amount of charge 

can be used as a refrigerant in the auto cascade 

refrigeration system [9]. It was concluded that, the 

natural refrigerants (R290, R1270 and R744) and 

hydrocarbon/ hydrofluorocarbon refrigerants and 

their mixtures, would play an important role in air 

conditioning and heat pump applications [10]. The 

performance of an ARC refrigerator operating in the 

liquid refrigerant supply mode with optimized 

hydrocarbon mixtures and different cascade heat 

exchangers has been studied. The optimum number 

of cascade heat exchangers (stages) to be used for 

different operating temperatures was suggested [11]. 

The authors of [12] proposed an internal auto-

cascade refrigeration cycle (IARC) operating with the 

zeotropic mixture of R-290/R-600a or R-290/R-600 for 

domestic refrigerator freezers. Performances of the 

auto-cascade refrigeration were evaluated using a 

developed mathematical model, and then 

compared with the conventional refrigeration cycle 

(CRC). According to the simulation results, the IARC 

with R-290/R-600a has 7.8–13.3% improvement in 

coefficient of performance, 10.2–17.1% improvement 

in volumetric refrigeration capacity and 7.4–12.3% 

reduction in pressure ratio of compressor compared 

with those of the CRC under the same given 

operating conditions. The effect of transient heat 

transfer of a condenser and its effect on a cascade 

heat pump performance are investigated by the 

author of [13]. The cascade heat pump consists of the 

low-temperature refrigeration cycle using R-22 and 

the high-temperature heat pump cycle using R-134a. 

The results from the model prediction and 

experimental investigation have showed that, the 

heat transfer on the R134a side dominates the total 

heat transfer mechanism and COP of the heat pump 

increases with increasing hot water flow rate, leading 

to the higher efficiency of the heat pump. Exergy 

analysis being a source to identify the location of 

major loss and to start improving the performance of 

any refrigeration system, was used to achieve the 

exergy analysis of the whole auto-cascade system 

components [14]. The study was extended to include 

an extensive comparison between the single stage 

Joule-Thomson cycle and typical auto-cascade 

cycle under the same condition. It was found that the 

total exergy gained during the mixed refrigerant 

refrigeration cycle was 6.6% better than the single 

stage cycle, and 9.5% better in the situation with 

distributing heat. The author of [15] have suggested 

the procedure for exergic analysis and revealed that, 

R152a performed better in terms of COP, exergetic 

efficiency, efficiency defect and it substituted the 

domestic refrigeration system when compared to 

Ozone Depleting Refrigerants. Since exergic 

efficiency is higher in the case of system being 

charged 100%, COP is the highest at 50% charging 

and refrigerating effect is the highest at 25% charging. 

The present study evaluates the theoretical and 

experimental performance of three stage of auto-

cascade refrigeration cycle (ARC) operating with 

hydrocarbon zeotropic mixture of R600a/R290/R170 

for different mixing mass ratios. 

 

 

2.0 METHODOLOGY 
 

The performance of the auto-cascade refrigeration 

system depends on various factors, such as the effect 

of gas–liquid separation, heat transfer of the heat 

exchanger and mixed working fluids. Performance 

parameters of the auto-cascade refrigeration system 

are evaluated in terms of energy 

 

2.1  Energy Analysis 

 

The performance of the auto-cascade refrigeration 

system depends on various factors, such as the effect 

of gas–liquid separation, heat transfer of the heat 

exchanger and mixed working fluids. Performance 

parameters of the auto-cascade refrigeration system 

are evaluated in terms of energy aspects based on 

the first law of thermodynamics. The following 

assumptions are made for the analysis of the auto-

cascade refrigeration system: all components are 

assumed to be in a steady-state and steady flow 

process, the compression process in the compressor is 

irreversible, the evaporator exit vapor and condenser 

exit liquid are both saturated and refrigerant pressure 

drop and heat losses in the cycle are neglected. 

Referring to Figure 1, the work of compressor can be 

determined by [16, 17]: 

Ẇcomp. = ṁcomp.(h2 − h1)     (1) 

 ṁcomp. = ṁRI + ṁRII + ṁRIII        (2)  
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The heat rejected from the air cooled condenser is 

calculated as follows: 

Q̇cond. = ṁcond.(h3 − h4)       (3)  

Heat absorbed by the evaporator (cycle capacity) 

can be calculated by: 

Q̇evap. = ṁevap.(h16 − h15)       (4) 

The overall performance of the three-stage auto 

cascade refrigeration system is determined by 

evaluating the coefficient of performance as follows: 

COP =
Q̇evap.

Ẇcomp.
       (5) 

 

2.2  Exergy Analysis 

 

Exergy is defined as the maximum amount of 

valuable energy that can be produced from a 

process when it comes into equilibrium with its 

surrounding in a reversible process. A system is in 

thermal equilibrium with environment when its 

temperature and pressure are the same for 

environment. When there is chemical potential with 

the environment, then the system has zero exergy 

[18]. System irreversibilities are the reason for exergy 

destruction and it can be said that, the maximum 

entropy generation means the maximum exergy 

destruction [19]. The exergy efficiency frequently 

gives a finer understanding of performance than the 

energy efficiency. Exergy efficiency can be defined 

as a ratio of output exergy to input exergy [20]. 

Depending on how output and input are defined, 

different definitions may result for different processes. 

Exergy analysis can help engineers in designing 

and selecting technologies most likely to reduce 

energy resource consumption in buildings, engines 

and the application of vapor compression 

refrigeration cycles. So, the objective of exergy 

analysis of the three-stage auto cascade system in 

the current study is to decide the most beneficial 

parts by enhancements. This is done by identifying the 

locations of greatest exergy destruction and the 

components with the lowest exergy or second-law 

efficiency. Under the assumption that the change of 

kinetic and potential energy is negligible, the ambient 

temperature is T0, and referring to Figure 1 and Figure 

2, the exergy is given by the equations: 

ψi = (hi − h0) − T0(si − s0)      (6) 

The compression process is subjected to the non-

isentropic compression process, steady state and 

steady flow process. The thermal and exergy analysis 

of the rotary compressor can be expressed as [21]. 

Ψdest.comp. = ṁcomp.(ψ1 − ψ2) − Ẇcomp.    (7) 

The exergy efficiency of the compressor is the ratio of 

reversible to actual work. 

ηexcomp
=  

ṁcomp.|ψ1−ψ2|

|Ẇcomp.|
= 1 −

Ψdest.comp.

|Ẇcomp.|
           (8) 

The pressure drop through the condenser is neglected 

in the exergy analysis. The exergy destruction in 

condenser is obtained from: 

Ψdest.cond. = Q̇cond. (1 −
T0

Tcond.
) + ṁcond.(ψ3 − ψ4)     (9) 

The exergy efficiency of the condenser is expressed 

as the ratio of the exergy transfer due to heat to the 

exergy destruction in the refrigerant across the 

condenser [21]: 

ηexcond.
=

|Q̇cond.(1−
T0

Tcond.
)|

ṁcond.|ψ3−ψ4|
= 1 −

Ψdest.cond.

ṁcond.|ψ3−ψ4|
               (10) 

The phase separator is assumed to be adiabatic, 

steady state and steady flow process. The exergy 

destruction in phase separator 1 is obtained from [22]: 

Ψdest.PH.SP 1 = ṁ4ψ4 − ṁ5ψ5 − ṁ6ψ6               (11) 

And the exergy efficiency is given by:    

ηexph.sp 1
=

ṁ5(ψ5−ψ4)

ṁ6(ψ4−ψ6)
                 (12) 

 The exergy destruction and exergy efficiency in the 

capillary tube 1 are obtained from: 

Ψdest.cap.tube 1 = m6(ψ6 − ψ7)                (13) 

And:  

ηexcap.tube 1
=

ψ7

ψ6
                                 (14) 

The exergy analysis of the heat exchanger is: 

 

Ψdest.H.Ex 1 = ṁ9(ψ5 − ψ9) − ṁ7(ψ8 − ψ7)              (15) 

 

The exergy efficiency of a heat exchanger is the 

ratio of the increase in the exergy of the cold stream 

to the decrease in the exergy of the hot stream [23]. 

ηexH.Ex 1
=

ṁ7(ψ8−ψ7)

ṁ9(ψ5−ψ9)
                 (16) 

The exergy destruction and the exergy efficiency in 

phase separator 2 are obtained by [22]: 

Ψdest.PH.SP 2 = ṁ9ψ9 − ṁ10ψ10 − ṁ11ψ11              (17) 

And:   

ηexph.sp 2
=

ṁ10(ψ10−ψ9)

ṁ11(ψ9−ψ11)
                (18) 

The exergy destruction and exergy efficiency in the 

capillary tube 2 are: 

Ψdest.cap.tube2 = ṁ11(ψ11 − ψ12)                (19) 

And:  

ηexcap.tube 2
=

ψ12

ψ11
                  (20) 
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As mentioned in the heat exchanger1, the exergy 

analysis of the second heat exchanger is: 

Ψdest.H.Ex 2 = ṁ14(ψ10 − ψ14) − ṁ12(ψ13 − ψ12)              (21) 

And the exergy efficiency can be given by:  

ηexH.Ex 2
=

ṁ12(ψ13 − ψ12)

ṁ14(ψ10 − ψ14)
        (22) 

The exergy analysis of capillary tube 3 is given by: 

Ψdest.cap.tube 3 = ṁ15(ψ14 − ψ15)               (23) 

And: 

ηexcap.tube 3
=

m15ψ15

m14ψ14

=
ψ15  

ψ16
 

                                   (24) 

 

 The exergy destruction in the evaporator is obtained 

from: 

Ψdest.evap. = Q̇evap. (1 −
T0

Tevap.
) + ṁevap(ψ15 − ψ16)      (25) 

And the exergy efficiency is given by [18]: 

ηexevap.
=

|Qevap.(1−
T0

Tevap.
)|

ṁevap.|ψ15−ψ16|
= 1 −

Ψdest.evap.

ṁevap.|ψ15−ψ16|
               (26) 

The total exergy destruction and overall exergy 
efficiency of the cycle can be determined by 
considering the auto cascade system as control 
volume as shown in Figure 2 and given by [24]: 

Ψdest.total. = Qevap. (1 −
T0

Tevap.
) + Qcond. (1 −

T0

Tcond.
) −

Ẇcomp.                                                                         (27)                                                                      

And:  

ηexe−Overall =

|Qevap. (1 −
T0

Tevap.
)|

|Ẇcomp.|
                       (28) 

The operation of the three-stage auto-cascade 

refrigeration system with mixed refrigerant R-600a/R-

290/R170 considered in the present study is simulated 

using three software programs, Reference Fluid 

Properties (REFPROP), Engineering Equation Solver 

(EES) and Process simulation software (PROII). 

REFPROP is used to find the thermo- physical 

properties of the mixed refrigerant, while EES and 

PROII are used to build the simulation program. 

 

2.3  Experimental Work 

 

A test rig of one-ton capacity auto-cascade 

refrigeration system is built in the present work to 

investigate the performance of the system with 

zeotropic mixed refrigerant. The system setup consists 

of one rotary compressor, air cooled condenser, shell 

and coil evaporator, two tube-in-tube heat 

exchangers, two phase separators, expansion valves, 

flow meters, pressure gauges, thermocouples with 

readers and other accessories. The system is at first 

charged with 2100 g of R-134a and operated to insure 

that the system works properly. The system also 

investigates the performance parameters for 

comparison purpose with mixed refrigerant. The test 

rig system is then charged with 870g of zeotropic 

mixed hydrocarbon refrigerant R-600a/R-290/R170 

with four mixing mass ratios, namely: (25.5/42.5/32), 

(24.25/42.75/33), (23/43/34) and (20.5/43.5/36)%, and 

the performance of the auto-cascade system is 

investigated at different operating conditions. The 

charge of the mixed hydrocarbon refrigerant is 

determined depending on densities ratio of the 

hydrocarbon refrigerants compared to R- 134a which 

is based on data of the refrigerant properties and also 

corresponds to empirical values given by the 

reference [25]. The accuracy of the measuring 

devices is shown in Table 1. The schematic diagram of 

the test rig for auto-cascade refrigeration system is 

shown in Figure 1. 
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Figure 1 Schematic diagram of the test rig for auto cascade refrigeration system 
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Table 1 Accuracy of measuring devices 

 

Instrument Uncertainty 
Pressure gauge ± 0.1 % 

Temperature (K- type) thermocouple ±  1 ºC 

Flow meter ± 0.2 % 

Thermometer ±  1 ºC 

Current meter ± 1.5 % 

Digital balance (for refrigerant mass) ±  1 % 
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QCond
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Figure 2 Three-stage auto cascade block system 

 

 
 

3.0  RESULTS AND DISCUSSION 
 

The theoretical investigation of the auto-cascade 

cycle performance was achieved by using simulation 

model based on PROII software, to determine the 

optimal mixing ratio for the zeotropic mixed 

hydrocarbon refrigerant (R600a /R290/ R170) that 

gives a relatively low evaporation temperature. 

Figure 3 shows the theoretical results of different 

mixing ratios for the hydrocarbon mixed refrigerant 

From this figure it can be conclude  that the mass 

fraction of (23/43/34) % approaches a relatively lower 

evaporation temperature which is about (-63.13°C) 

[8]. Figure 4 shows the variation of experimental and 

theoretical results of COP with mass fractions of mixed 

refrigerant R-600a/R-290/R-170 for auto cascade 

refrigeration system. Approximately, similar trend 

between experimental and theoretical results can be 

noticed with deviation in range of 33% due to the 

assumptions made from the theoretical work. 

The COP increases slightly with the increases in the 

mass fraction of R-170 in the mixture, and the mass 

fraction (23/43/34) % has displayed a higher COP 

about 12.39% increase compared to other mass 

fractions [12]. The reason behind this is due to the fact 

that, the increase in R-170 leads to enhance the cycle 

capacity corresponding to compressor power 

consumption where R-170 represents the most mass 

fraction in mixture flowing in the evaporator, and as 

well R-170 gives low boiling temperature at a given 

pressure. As the mass ratio of R-170 increases more 

than 34% in the mixture, the COP decreases 

significantly because the remaining amount of R-600a 

is not adequate to condensate all R-290. Since R-290 

is used to condensate R-170, the evaporator suffers 

from refrigerant scarcity. Itis well known that, the 

refrigerant mass flow rate through evaporator is one 

of the main parameters that define the cycle 

capacity [18]. 

 
Figure 3 Variation of the evaporator inlet temperature with 

mass fractions of mixed hydrocarbon refrigerant for the 

auto-cascade system 

 

 

The reduction in refrigerant mass flow rate leads to 

reduce the cycle capacity compared to the 

compressor power consumption as shown in Figure 5. 

Since R-170 represents relatively a high pressure 

refrigerant, then the increase in mass fraction of this 

refrigerant leads to increase the compressor power 

consumption compared to other refrigerants in the 

mixture. The deviation between experimental and 

theoretical results is about 22% and 27% for the 

compressor power consumption and cycle capacity 

respectively. 
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Figure 4 Variation of experimental and theoretical results of 

COP with mass fractions of mixed hydrocarbon refrigerant 

 

Figure 5 Variations of experimental and theoretical results of 

compressor power consumption and cycle capacity with 

mass fractions of mixed hydrocarbon refrigerant 

 

 

Figure 6 displays the variation of evaporator and 

discharge temperatures with mass fractions of mixed 

refrigerant. It can be observed that, the evaporator 

inlet temperature with mass fraction of (23/43/34) % 

was approached lower value (-60.3 °C) with 7% 

reduction in temperature compared to that for other 

mass fractions [8]. It means that the mass fraction of 

R-170 is sufficient to extract the heat from evaporator 

with less degree of superheating, where the mass of 

R-170 in the evaporator becomes more than the 

imposed load. Hence, the superheating degree of 

the vapour leaving the evaporator reduces which 

reflects positively as a reduction in compressor 

discharge temperature. 

     

 
Figure 6 Variation of evaporator and discharge 

temperatures with mass fractions of mixed hydrocarbon 

refrigerant 

 

 

Figure 7 shows the variations of experimental and 

theoretical results of discharge and suction pressures 

with mass fractions of mixed refrigerant R-600a/R-

290/R-170. The deviations between the experimental 

and theoretical results for suction and discharge 

pressures are 37% and 11% respectively due to 

neglecting the irreversibility in the compressor and 

friction loss through pipes and valves for theoretical 

results. The cycle capacity and evaporator 

temperature of the auto-cascade system with R-

600a/R-290/R-170 at different mass fractions is 

compared to another mixed refrigerant R-134a/R-

410A at mass fraction (70/30) % achieved in the 

present work to insure the validity of the results as 

shown in Figure 8. The comparison of R-600a/R-290/R-

170 at mass fraction (23/43/34) % has displayed an 

enhancement around 45.3 % in the cycle capacity 

and 39 % reduction in the evaporator temperature 

compared to that for R-134a/R-410A.  

 
Figure 7 Experimental and theoretical results of the 

discharge and suction pressures as a function of mass 

fractions of mixed hydrocarbon refrigerant 



15                Ahmed J., Abdul Hadi N., & Hussein Salah / Jurnal Teknologi (Sciences & Engineering) 80:6 (2018) 9–17 

 

 

 
Figure 8 Comparison of cycle capacity and evaporator 

temperature of the auto-cascade system between mixed 

refrigerants R-600a/R-290/R-170 and R-134a/R-410A at mass 

fraction (70/30) 

 

 

Figure 9 shows the variation of exergy destruction 

for auto cascade system main components, 

compressor, condenser and evaporator with mass 

fractions of mixed hydrocarbon refrigerant. It is 

observed that for all mass fractions, the higher value 

of exergy destruction occurs in the compressor and 

the lower value is in the condenser. The large exergy 

destruction in the compressor is due to the entropy 

generation resulting from high irreversibility caused by 

friction and heat transfer to environment [14, 15]. The 

lowest value for the presented results of exergy 

destruction in the compressor was 0.5029 kW at mass 

fraction (23/43/34) %, which represents 13.29 % lower 

than other mass ratios. The lower exergy destruction in 

the condenser occurs when it is operated at high 

effectiveness, where the condenser temperature is 

closed to the ambient temperature. The variation of 

exergy destruction in the evaporator is influenced by 

two parameters, which are refrigerant mass flow rate 

and rate of heat transfer. Thus, the low saturation 

point of R-170 will enhance the heat transfer and 

increase the exergy destruction in the evaporator. 

The variation of exergy efficiency of compressor, 

condenser and evaporator with mass fractions of the 

hydrocarbon mixed refrigerant is shown in Figure 10. It 

can be seen from the figure that the higher exergy 

efficiency for compressor was 0.7 at mass ratio 

(23/43/34) % with 14.22 % increase compared other 

investigated mass ratios. The higher exergy efficiency 

for condenser was 0.92 at mass ratio (23/43/34) % with 

14.47 % increase compared to other investigated 

mass ratios, while the relatively higher exergy 

efficiency for evaporator was 0.87 at mass ratio 

(24.25/42.75/33) %. The exergy efficiency of the 

compressor has displayed a lower value as 

compared to other components [19], due to the 

relatively high exergy destruction in the compressor as 

shown in Figure 9. 

Figure 11 shows the comparison between the 

experimental and theoretical results of the total 

exergy destruction of the auto cascade system as a 

function of mass fractions for mixed refrigerant 

R600a/R290/R170. The total exergy destruction 

represents a summation of exergy destruction for all 

components of three stages auto-cascade system. It 

can be observed that, the exergy destruction 

increases slightly with the increase in R-170 ratio in the 

mixed refrigerant and the relatively higher value was 

2.25 kW at (24.25/42.75/33) % mass fraction. 

  

 
Figure 9 Variation of the exergy destruction for compressor, 

condenser and evaporator with mass fractions of mixed 

refrigerant 

 

 
Figure 10 Variation of the exergy efficiency for compressor, 

condenser and evaporator with mass fractions of mixed 

refrigerant 

 

 

It can be observed that the trend of theoretical 

results is approximately similar to the experimental 

results with a deviation in range of 32 %. 

Figure 12 shows the comparison between 

experimental and theoretical results of the system 

overall exergy efficiency as a function of mass 

fractions for mixed refrigerant R600a/R290/R170. It 

also can be observed that the trend of the system 

overall exergy efficiency is in contrast to the trend of 
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overall exergy destruction of the system that is shown 

in Figure 11 [23]. At mass fraction of (20.5/43.5/36)% 

when the ratio of R-170 in the mixture is equal to 36%, 

it has displayed the highest overall exergy efficiency 

for the presented results of the auto cascade system. 

It can also be seen that the trend of the theoretical 

results is approximately close to experimental results 

with a deviation in range of 18 %. 

 

 
Figure 11 Experimental and theoretical results of the system 

total exergy destruction as a function of mass fractions of 

mixed refrigerant R-600a/R-290/R-170 

 

 
Figure 12 Experimental and theoretical results of the system 

overall exergy efficiency as a function of mass fractions for 

mixed refrigerant R-600a/R-290/R-170 

 

 

4.0  CONCLUSION 
 

The used of mixed hydrocarbon refrigerant R-600a/R-

290/R170 with different mass fractions has displayed 

the following conclusions: The enhancement in COP 

and cycle capacity of the auto-cascade system was 

12.39% and 15% respectively at mass fraction 

(23/43/34) % compared to other mass ratios. The 

compressor power consumption and refrigerant 

discharge temperature increase progressively with 

increasing of R-170 mass fraction in the mixed 

refrigerant. The evaporator temperature with mass 

fraction of (23/43/34) % has approached the lowest 

value -60.3 °C with 7% reduction in the evaporator 

temperature compared to the average value of the 

other mass fractions. The higher exergy destruction 

occurs in the compressor and the lower value is in the 

condenser. The lowest exergy destruction in the 

compressor was at mass fraction (23/43/34) %, on the 

other hand the higher exergy efficiency observed for 

the condenser, evaporator and compressor were 

0.92, 0.87 and 0.7 respectively. The ratio of R-170 in the 

mixed refrigerant has a significant influence on 

performance of the auto cascade system. At mass 

fraction of (20.5/43.5/36) % when the ratio of R-170 in 

the mixture is equal to 36%, it has displayed the 

highest overall exergy efficiency. Comparison of the 

auto-cascade performance with R-600a/R-290/R-170 

has displayed an enhancement around 45.3 % in the 

cycle capacity and 39 % reduction in the evaporator 

temperature compared to R-134a/R-410A at mass 

fraction (70/30). The theoretical results have displayed 

a reasonable agreement compared to the 

experimental results with deviations 33, 22 and 18% in 

COP, cycle capacity and overall exergy efficiency 

respectively. 

 

 

Nomenclature  

 
ACC:     Air cooled condenser 

ACR:    Auto cascade refrigeration system 

COP:     Coefficient of performance 

h:           Specific enthalpy (kJ/kg) 

s:           Specific entropy (kJ/kg. K) 

ṁ:          Mass flow rate of refrigerant (kg/s) 

ṁRI:       Mass flow rate of refrigerant I (kg/s) 

ṁRII:      Mass flow rate of refrigerant II (kg/s) 

ṁRIII:     Mass flow rate of refrigerant III (kg/s) 

Q̇:          Rate of heat transfer (kW)    

T:           Ambient temperature (K) 

Ẇcomp.:  Compressor Power (kW)  

ψ:          Exergy flow (kJ/kg) 

Ψdest.:    Exergy destruction (kW) 

ηex:        Exergy efficiency 

 

Subscripts  

comp:    compressor 

cond:     condenser  

evap:      evaporator   

ex:          exergy  

o:           ambient 

1,2,3,… locations referring to Figure1. 
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