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Abstract

In this study, the first and second law analysisvapor compression refrigeration cycle with twogstaand
economiser were carried out. R134a was used iersyas refrigerant. The necessary thermodynamiesdhr
analyses were calculated by Solkane program. Thfficient of performance (COP), exergetic efficigrigex)
and total irreversibility rate of the system in thdferent operating conditions were investigatead this
refrigerant. As a result, the highest coefficiehperformance value and exergy efficiency value whined in
the condenser temperature Z5and evaporator temperaturéGin the refrigeration system with two-stage and
economiser. The highest irreversibility value wésamed in the condenser temperature’@sand evaporator
temperature -18C in the refrigeration system.
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1. Introduction

Single-stage compression process can give quiisfaabry results for the evaporation
temperatures until -15C in vapor compression refrigeration cycles of earshtion
temperatures is not too high. However, the capaoftycooling cycle together with the
coefficient of performance rapidly decreases inkiag conditions are very low evaporation
temperatures. Compression process started witrsl@mtion pressure can reach for the same
outlet pressure of condensation that it requirbggher compression ratio. As a result of this
high compression ratio, the output pressure angé¢eature tends to rise even more. For these
reasons, stage compression processes is used fmevent excessive compressor outlet
pressure and temperature and also to provide nmificeert operation conditions. Stage
compression usually provides with two or threeesegompression. Type of the refrigerant
circulating in the system is the same.

Zhang et al. have developed a general methodologyhe optimal synthesis in cascade
refrigeration system to maximize the energy efficie Effectiveness of the method
developed has made a research on strengthenirthdarascade refrigeration system in an
ethylene plant [1]. Ahamed et al. have made exeagglysis of vapor compression
refrigeration systems used in various sectors. Thaye found that exergy depends on
evaporating temperature, condensing temperatubec@oling and compressor pressure [2].
Lucia has worked on magnetic refrigeration whicpresents a safe cooling technology. His
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study, the first and second law analysis was médeeomagnetic cooling and the results used
for engineering applications [3]. Rezayan et aliehmade thermoeconomic optimization and
exergy analysis of the a GDIH3 cascade refrigeration cycle. They have determihedotal
annual cost of the system which includes costapiiti exergy to the system and annualized
capital cost of the system for the objective fumtti Results shown in their study that
optimum values of decision variables may be fougpdrhde-off between the input exergy
cost and capital cost [4]. Shuxue et al. have ntadanal analysis model based on the first
and second law of thermodynamics. Their study shtat compressor has the greatest
exergy loss about %77 of the total exergy. Theg Haat exergy losses in heat pumps can be
reduced by two-stage compression [5].

In addition to studies conducted so far in thisdgiuthe total irreversibility rate of the
refrigeration system with two-stage and economisas been calculated for different
condenser and evaporator temperatures. Solutiores been proposed to for the reduce the
irreversibilities. Thermodynamic values needed fa &nalysis have been calculated with the
computer program, Solkane 7.0. Solkane 7.0 is apabten program that calculates all
thermodynamic properties of 23 refrigerants invdlve it. In addition, it contains 5 units of
different cooling cycle and 2 different Rankine leycThe programme is capable of
calculation of thermodynamic properties in eachnpaf the system depending on input
values of these cycles. It can also display P-hTasdliagrams that belong to the system. The
computer programme Solkane 7.0 supports procedilmas are performed in German,
English, French, Spanish, Italian, Russian, Aralnid Chinese languages [9].

2. Cycle Description
Schematic diagram of vapor compression refrigematigcle with two-stage and economiser

is shown in Fig. 1. Cycle’s temperature-entropygdian is shown in Fig. 2. Description of the
cycle are given in Table 1.
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Fig. 1 Schematic diagram of vapor compressiongefdtion cycle
with two-stage and economiser
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Fig. 2 The temperature-entropy diagram of the systethis work

Table 1. Cycle description

Point Description

1 Low-pressure compressor input, (refrigerant inphé low-pressure compressot
as saturated vapor)
Low-pressure compressor output,(refrigerant mme@ssed to high pressure)
High-pressure compressor input, (mixing poinpaitial flow rates 2 and 8)
High-pressure compressor output, (refrigeranputstfrom the high-pressure
compressor as superheated vapor)
Condenser input, (refrigerant inputs the condeassuperheated vapor)
Condenser output, (refrigerant outputs from thedenser as saturated liguid)
Expansion valve output and same time econonmgett, (refrigerant is liquid)
Economiser output, (refrigerant is liguid+vapor)
Expansion valve input, (refrigerant inputs thpamsion valve as saturated liquid)
Evaporator input, (refrigerant inputs the evapan)
Evaporator output, (refrigerant inputs the lo@gsure compressor as saturated
vapor)
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Alternative refrigerant R134a used in this study’tdgontain chlorine, therefore; they have
zero ozone depletion potential (ODP). Some physizadperties of these alternative
refrigerant are shown in Table 2.

Table 2. Physical properties of the refrigerant 443

Refrigerant R134a
Molecular Weight (g/mol) 102
Boiling Point at 1 atm°C) 26,1
Critical Temperature’C) 101,1
Critical Pressure (kPa) 4060
Ozone Depletion Potential (ODP) 0
Global Warming Potential (GWR) 1300
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3. FIRST AND SECOND LAW ANALYSIS

Constant values for first anad second law anabigsyiven below:
» All components of the system are working at a Stesidte.

e The changes in kinetic and potential energies efciimponents that form the system
have been ignored.

e The pressure losses along the pipelines have geered.

e Isentropic efficiency of LPC i3).pc=%80.

* Isentropic efficiency of HPC ig)yp=%80.

« Environmental temperature is ¥ 25°C.

According to the first law of thermodynamics, tledrigeration capacity of the system can be
calculated as follows:

QE =m (h,; —hy) 1)

The low pressure compressor work load can be esgdess follows:

Wipe =M (hz - h1) ()
The high pressure compressor work load can be maisefollows:

Wipe = (h, —hy) 3)

Coefficient of performance (COP) of the refrigepaticycle can be calculated as follows [7-
8]

COP=— QE.
Wiee +Whipc

(4)

Irreversibility rate of each component of the mgération cycle are calculated as follows [10-
13]:

Evaporator:
: T
le = E10+QE(1_?OJ_ Eu ()
The low pressure compressor (LPC):
e = B — B, +We, (6)
The high pressure compressor (HPC):

I HPC — E3 - E4 +WEL (7)
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Condenser:
. =E, - E, (8)

Total irreversibility rate of the system is thealodf irreversibilities in different components
of the system:

=1+ 1o+

IT LPC HPC+IECO+IC+IEV (9)

Exergetic efficiency can be calculated as follom4]{

: T,
Tc ) _COP

=— : Y 10
Ter Wipe +Wpe  COR (10

Where, COR; is the coefficient of performance of vapor-compr@s<ycle. COR is the
coefficient of performance of reversible refrigdranperating between T and T
temperatures.

4. Results And Discussion

Irreversibility values have been found dependingh@nevaporator temperature change in the
vapor compression refrigeration cycle with two-stagd economiser and it is given in Fig. 3.
Alternative refrigerant R134a has been used insistem and condenser temperatures have
been kept constant. The highest total irreversjbite of system for among all the working
condition is found to be -1%C for evaporator temperature, 45 for condenser temperature
and about 700 Watt for total irrevesibility rate.
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Fig. 3 Variation of total irreversibility rate witkvaporator temperature

Exergy efficiencies obtained depending on the erapo temperature change in the vapor
compression refrigeration cycle with two-stage @awdnomiser are given in Fig. 4. The
condenser temperatures have been kept constamt system. The highest exergy efficiency
of system for among all the working condition isifial to be SC for evaporator temperature,
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25°C for condenser temperature and about %72 for geffigiency. Exergy efficiency is so
high because of the fact that the vapor compressbigeration cycle with two-stage and
economiser has been used in the study and thig s&ubteoretical. It is concluded that these
results are acceptable because, the purpose @ ssch a refrigerant system is to increase
coefficient of performance and exergy efficiencheTlowest exergy efficiency of system for
among all the working condition is found to be *G5for evaporator temperature, 45 for
condenser temperature and about %35 for exergyiezitty.
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Fig. 4 Variation of exergy efficiency with evaptoatemperature

Variation of COP with evaporator temperature in Ya@or compression refrigeration cycle
with two-stage and economiser are given in FigTe condenser temperatures have been
kept constant in the system. The highest COP désy$or among all the working condition

is found to be 5C for evaporator temperature, 25 for condenser temperature and about
10,5 for COP.
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Fig. 5 Variation of COP with evaporator temperature
Variation of total irreversibility rate with exergefficiency in the vapor compression

refrigeration cycle with two-stage and economisee @iven in Fig. 6. Evaporator
temperatures have been changed and the condengmrégures have been kept constant at
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25 °C in the system. It is observed that exergy efficieincrease in direct proportion to the
decreases of total irreversibility rate for thisrkiog condition in the system. The highest
exergy efficiency value has been reached as % 7Bifworking condition.
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Fig. 6 Variation of total irreversibility rate witkixergy efficiency

Variation of total irreversibility rate with exergefficiency in the vapor compression
refrigeration cycle with two-stage and economisee @iven in Fig. 7. Evaporator
temperatures have been changed and the condengmrégures have been kept constant at
30 °C in the system. It is observed that exergy efficieincrease in direct proportion to the
decreases of total irreversibility rate for thisrkiog condition in the system. The highest
exergy efficiency value has been reached as %6diworking condition.
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Fig. 7 Variation of total irreversibility rate witkixergy efficiency

Variation of total irreversibility rate with exergefficiency in the vapor compression
refrigeration cycle with two-stage and economisee @iven in Fig. 8. Evaporator
temperatures have been changed and the condengmrégures have been kept constant at
35°C in the system. It is observed that exergy efficieincrease in direct proportion to the
decreases of total irreversibility rate for thisrkiag condition in the system. The highest
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exergy efficiency value has been reached as %5hifoworking condition.
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Fig. 8 Variation of total irreversibility rate witkixergy efficiency

Variation of total irreversibility rate with exergefficiency in the vapor compression
refrigeration cycle with two-stage and economisee @iven in Fig. 9. Evaporator
temperatures have been changed and the condengmrégures have been kept constant at
40°C in the system. It is observed that exergy efficieincrease in direct proportion to the
decreases of total irreversibility rate for thisrkiog condition in the system. The highest
exergy efficiency value has been reached as %4 ifoworking condition.
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Fig. 9 Variation of total irreversibility rate witkixergy efficiency

Variation of total irreversibility rate with exergefficiency in the vapor compression
refrigeration cycle with two-stage and economisee @iven in Fig. 10. Evaporator
temperatures have been changed and the condengmrégures have been kept constant at
45°C in the system. It is observed that exergy efficieincrease in direct proportion to the
decreases of total irreversibility rate for thisrkiog condition in the system. The highest
exergy efficiency value has been reached as %4thifoworking condition.
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Fig. 10 Variation of total irreversibility rate iitexergy efficiency

5. Conclusions

In this study, the first and second law analysisador compression refrigeration cycle with
two-stage and economiser were carried out. Theficmsft of performance (COP), exergetic
efficiency 1ex) and total irreversibility rate of the systenthe different operating conditions
were investigated. The highest total irreversipitiate of system for among all the working
condition is found to be -1%C for evaporator temperature, 26 for condenser temperature
and about 700 Watt for total irrevesibility rateheThighest exergy efficiency of system for
among all the working condition is found to bé® for evaporator temperature, 26 for
condenser temperature and about %72 for exergyiezftiy.

Irreversibility in components of the system aredshsn pressure drop arising from phase
change, the temperature difference between refigeiuid and refrigerated environment,
heat tranfer and frictions. It is observed tha@altamount of irreversibility depends on
evaporator and condenser temperature change. Aogtydas the temperature difference
between evaporator, condenser and ambient temperatiends, irreversibility value of
system component and thus of entire system incseafe improve irreversibility in
evaporator and condenser, enlargement the surfae and utilization of a very good
conductive material can be recommended. But, thesemmendations may affect system
costs adversely. So, it's concluded that the besttey improve irreversibility can be achieved
with determination of optimum operation conditiofi$is study can be helpful for producers
and engineers who produce or design refrigeratystem two-stage and economiser.
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Nomenclature

COP coefficient of performance
gravity (m/s2)

exergy (kW)

enthalpy (kJ/kg)
irreversibility rate (kW)
mass flow rate (kg/s)
heat transfer rate (kW)
entropy (kJ/kg K)
temperature °C)
velocity (m/s)

work rate (kW)

heigth (m)

exergy (kJ/ kg)
efficiency

SeoNS<—H40VO3I~IMO

Subscript

C condenser

E evaporator

EV  expension valve

ex exergy

HPC high pressure compressor
EC  economiser
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in
LPC
rr
out
ver

EL

input

low pressure compressor
refrigerant

reversible refrigeration

output

vapor compression refrigeration
reference condition

electric
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