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ABSTRACT 

 

This paper describes thermal modeling of Vapor Compression Refrigeration System using R134a in primary 

circuit and AL2O3-Water based nanofluids in secondary circuit. The model uses information of the secondary 

fluids input conditions geometric characteristics of the system, size of nanoparticles and the compressor speed 

to predict the secondary fluids output temperatures, the operating pressures, the compressor power 

consumption and the system overall energy performance. Such an analysis can be conveniently useful to 

compare the thermal performance of different nano particles (Cu, Al2o3, Tio2 and CuO) based nano fluid as a 

secondary fluid in a Vapor Compression Refrigeration System. The influence of input variables on the output of 

the system is presented. Such a model can also be used to design various Components viz. Evaporator, 

Compressor, Condenser and Throttle Valve for Vapor Compression Refrigeration Systems for any desired 

cooling capacity. The use of nanofluids as a secondary fluid in vapour compression refrigeration systems was 

studied and computational simulation program was developed to solve the non linear equations of the system 

model. Simulation results have shown that for the same geometric characteristics of the system performance 

increased from 17% to 20% by application of nanofluid as a secondary fluid in VCS. 

 

Keywords: Sustainable Technologies; Sustainable Development; Green Technologies; Alternative Refrigerants; 

Eco Friendly Refrigerants; Energy Exergy Analysis; Irreversibility Analysis. 

 

1.0 Introduction 

 

Refrigeration is a technology which absorbs 

heat at low temperature and provides temperature 

below the surrounding by rejecting heat to the 

surrounding at higher temperature. Simple vapour 

compression refrigeration system which consists of 

four major components compressor, expansion valve, 

condenser and evaporator in which total cooling load 

is carried at one temperature by single evaporator but 

in many applications like large hotels, food storage 

and food processing plants, food items are stored in 

different compartment and at different temperatures. 

Therefore there is need of multi evaporator vapour 

compression refrigeration system. The systems under 

vapour compression technology consume huge 

amount of electricity, this problem can be solved by 

improving performance of system. Performance of 

systems based on vapour compression refrigeration 

technology can be improved by following: 

 

1. The performance of refrigerator is evaluated in 

term of COP which is the ratio of refrigeration 

effect to the net work input given to the 

system. The COP of vapour compression 

refrigeration system can be improved either by 

increasing refrigeration effect or by reducing 

work input given to the system. 

2. It is well known that throttling process in VCR 

is an irreversible expansion process. Expansion 

process is one of the main factors responsible 

for exergy loss in cycle performance because 

of entering the portion of the refrigerant 

flashing to vapour in evaporator which will not 

only reduce the cooling capacity but also 

increase the size of evaporator. This problem  
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3. can be eliminated by adopting multi-stage 

expansion where the flash vapours is removed 

after each stage of expansion as a consequence 

there will be increase in cooling capacity and 

reduce the size of the evaporator. 

 

1.1 Literature review  

Kumar et al. (1989) carried out energy and 

exergy analysis of vapour compression refrigeration 

system by using exergy-enthalpy diagram. For 

calculating the coefficient of performance, they had 

done first law analysis (energy analysis) and for 

evaluation of various losses occurred in different 

components they used R11 and R12 as refrigerants in 

the exergy analysis of vapour compression cycle.  

Nikolaidis and Probert (1998) suggested that 

there is need for optimizing the conditions imposed 

upon the condenser and evaporator by detailed 

analytical studied for finding the plant irreversibility 

by changing evaporator and condenser temperatures 

of two stage vapour compression refrigeration plant 

using R22. Yumrutas et al. (2002) considered the 

exergy analysis based investigation of effect of 

condensing and evaporating temperature on vapour 

compression refrigeration cycle in terms of pressure 

losses, COP, second law efficiency and exergy losses 

and found that the variation in condenser temperature 

and evaporator temperature have negligible effect on 

exergy losses of compressor and expansion valve, and 

investigated first law efficiency and exergetic 

efficiency increase and total exergy losses in the 

vapour compression system decrease with increase in 

evaporator and condenser temperature. 

Halimic et al. (2003) studied the 

thermodynamic performance of R401A, R290 and 

R134A with R12 in the vapour compression 

refrigeration system, which was originally designed 

for R12 and found R134A can be replaced in the 

same system without any medication in the system 

components due to similar performance of R134a in 

comparison with R12. They also suggested that in 

reference to green house impact the hydrocarbon 

R290 presented best results in comparison of above 

refrigerants.  

Xuan and Chen (2004) found the HFC-161 

as the replacement of R502 through experimental 

investigation and also observed that HFC-161 gives 

same and higher performance than R404A at lower 

and higher evaporative temperature respectively by 

designing vapour compression refrigeration system 

for R404A.  

Cabello et al. (2004) studied experimentally 

the effect of condensing pressure, evaporating 

pressure and degree of superheating on the single 

stage vapour compression refrigeration system using 

R22, R134a &R407C and found that mass flow rate is 

greatly affected by change in suction conditions of 

compressor due to refrigeration capacity because 

refrigeration capacity depended on mass flow rate 

through evaporator. They also observed that for 

higher compression ratio R22 gives lower COP than 

R407C.  

Spatz and Motta (2004) studies mainly 

focused on replacement of R12 with R410a through 

experimental investigation of medium temperature 

vapour compression refrigeration cycles.and 

comparison was made in terms of heat transfer and 

pressure drop characteristics and found the R410a 

gives best performance among R12, R404a and 

R290a.  

Han et al. (2007) observed in the different 

working conditions through experimental 

investigation that there could be replacement of 

R407C in vapour compression refrigeration system 

having rotor compressor with mixture of 

R32/R125/R161 showing higher COP, less pressure 

ratio and slightly high discharge compressor 

temperature without any modification in the same 

system.  

Cabello et al. (2007) had studied about the 

effect of operating parameters on COP, work input 

and cooling capacity of single-stage vapour 

compression refrigeration system and found a great 

influence on energetic parameters due change in 

suction pressure, condensing and evaporating 

temperatures.  

Arora and Kaushik (2008) developed 

numerical model of actual vapour compression 

refrigeration system with liquid vapour heat 

exchanger and did energy and exergy analysis on the 

same in the specific temperature range of evaporator 

and condenser. They concluded that R502 is the best 

refrigerant compare to R404A and R507A, 

compressor is the worst and liquid vapour heat 

exchanger is best component of the system.  

Getu and Bansal (2008) had optimized the 

design and operating parameters of like condensing 

temperature, subcooling temperature, evaporating  
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temperature, superheating temperature and 

temperature difference in cascade heat exchanger 

R744-R717 cascade refrigeration system. A 

regression analysis was also done to obtain optimum 

thermodynamic parameters of same system.  

Mohanraj et al. (2009) conducted 

experiment on domestic refrigerator and observed 

that under different environmental temperatures COP 

of system using mixture of R290 and R600a in the 

ratio of 45.2: 54.8 by weight showing up to 3.6% 

greater than same system using R134a, also discharge 

temperature of compressor with mixture of R290 and 

R600a is lower in the range of 8.5-13.4K than same 

compressor with R134a.  

Padilla et al. (2010) studied exergy analysis 

of domestic vapour compression refrigeration system 

with R12 and R413A and concluded that performance 

in terms of power consumption, irreversibility and 

exergy efficiency of R413A is better than R12, so 

R12 can be replaced with R413A in domestic vapour 

compression refrigeration system.  

Stanciu et al. (2011) conducted the 

numerical and graphical investigation on one stage 

vapour compression refrigeration system for studied 

refrigerants (R22, R134a, R717, R507a, R404a) in 

terms of COP, compressor work, exergy efficiency 

and refrigeration effect. They also studied the effect 

of subcooling, superheating and compression ratio on 

the same system using considered refrigerants and 

present system optimization when working with 

specific refrigerant.  

Ahamed et al. (2011) emphasized on use of 

hydrocarbons and mixture of hydrocarbons and 

R134a in vapour compression refrigeration system 

and observed that compressor shows much higher 

exergy destruction as compared to rest of components 

of vapour compression refrigeration system and this 

exergy destruction can be minimized by using of 

nanofluid and nanolubricants in compressor.  

Bolaji et al. (2011) had done comparative 

analysis of R32, R152a and R134a refrigerants in 

vapour compression refrigerator through 

experimental investigation and found that R32 

refrigerant gives lowest performance and R134a and 

R152a showing nearly same performance but best 

performance was obtained of system using R152a.  

Ahamed et al. (2012) had performed 

experimental investigation of domestic refrigerator 

with hydrocarbons (isobutene and butane) by energy 

and exergy analysis. They reached to the results that 

energy efficiency ratio of hydrocarbons comparable 

with R134a but exergy efficiency and sustainability 

index of hydrocarbons much higher than that of 

R134a at considered evaporator temperature. It was 

also found that compressors shows highest system 

defect (69%) among components of considered 

system.  

Anand and Tyagi (2012) did detailed exergy 

analysis of 2TR window air conditioning test rig with 

R22 as working fluid and reached to the conclusions 

that irreversibility in system components will be 

highest when the system is 100% charged and lowest 

when 25% charged and irreversibility in compressor 

is highest among system components.  

Reddy et al. (2012) did numerical analysis of 

vapour compression refrigeration system using 

R134a, R143a, R152a, R404A, R410A, R502 and 

R507A and discussed the effect of evaporator 

temperature, degree of subcooling at condenser 

outlet, superheating of evaporator outlet, vapour 

liquid heat exchanger effectiveness and degree of 

condenser temperature on COP and exergetic 

efficiency.  

They reported that evaporator and condenser 

temperature have significant effect on both COP and 

exergetic efficiency and also found that R134a has 

the better performance while R407C has poor 

performance in all respect. 

Selladurai and Saravanakumar (2013) 

compared the performance between R134a and 

R290/R600a mixture on a domestic refrigerator 

which is originally designed to work with R134a and 

found that R290/R600a hydrocarbon mixture showed 

higher COP and exergetic efficiency than R134a. In 

their analysis highest irreversibility obtained in the 

compressor compare to condenser, expansion valve 

and evaporator.  

Mastani Joybari et al. (2013) performed 

experimental investigation on a domestic refrigerator 

originally manufactured to use of 145g of R134a. 

They concluded that exergetic defect 

occurred in compressor was highest as compare to 

other components and through their analysis it has 

been found that instead of 145g of R134a if 60g of 

R600a is used in the considered system gave same 

performance which ultimately result into economical 

advantages and reduce the risk of flammability of 

hydrocarbon refrigerants.  
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Elcock (2007) observed that TiO2 

nanoparticles can be used as additives to enhance the 

solubility of the mineral oil with the 

hydrofluorocarbon (HFC) refrigerant. They also 

observed that refrigeration systems using a mixture of 

HFC134a and mineral oil with TiO2 nanoparticles 

appear to give better performance by returning more 

lubricant oil to the compressor with similar 

performance to systems using HFC134a and POE oil.  

Hindawi (2009) carried out an experiment 

on the boiling heat transfer characteristics of R22 

refrigerant with Al2O3 nanoparticles and observed 

that the nano particles enhanced the refrigerant heat 

transfer characteristics with reduced bubble sizes.  

Eastman et al. (1996) found the pool boiling 

heat transfer characteristics of R11 refrigerant with 

TiO2 nanoparticles and showed that the heat transfer 

enhancement reached 20% at a particle loading of 

0.01 g/L.  

Liu et al. (2006) studied ed the effects of 

carbon nanotubes (CNTs) on the nucleate boiling heat 

transfer of R123 and HFC134a refrigerants and 

observed that that CNTs increase the nucleate boiling 

heat transfer coefficients for these refrigerants. 

Authors noticed large enhancements of up to 36.6% 

at low heat fluxes of less than 30 kW/m2. Thus, the 

use of nanoparticles in refrigeration systems is a new, 

innovative way to enhance the efficiency and 

reliability in the refrigeration system.  

Jiang et al. (2009) observed experimentally 

the thermal conductivities of carbon nanotube (CNT) 

nanorefrigerants are much higher than those of CNT–

water nanofluids or sphericalnanoparticle–R113 

nanorefrigerant and found that the smaller the 

diameter of CNT larger the thermal conductivity 

enhancement of CNT nanorefrigerant.  

Hwang et al. (2006) found the thermal 

conductivity enhancement of nanofluids is greatly 

influenced by thermal conductivity of nanoparticles 

and basefluid. They observed the thermal 

conductivity of water based nanofluid with multiwall 

carbon nano tube has noticeably higher thermal 

conductivity compared to SiO2 nanoparticles in the 

same base fluid.  

Yoo et al. (2007) observed that surface to 

volume ratio of nanoparticles is a dominant factor 

that influences the nanofluids thermal conductivity 

rather than nanoparticles thermal conductivity. 

Surface to volume ratio is increased with smaller 

sizes of nanoparticles.  

Choi et al. (2001) found 150% thermal 

conductivity enhancement of poly (a-olefin) oil with 

the addition of multiwalled carbon nanotubes 

(MWCNT) at 1% volume fraction.  

Yang (2006) found 200% thermal 

conductivity enhancement for poly (a-olefin) oil 

containing 0.35% (v/v) MWCNT. They observed the 

thermal conductivity enhancement was accompanied 

by a three order of magnitude increase in viscosity.  

Eastman et al. (2001) observed 40% thermal 

conductivity enhancement for ethylene glycol with 

0.3% (v/v) copper nano particles (10 nm diameter) by 

added about 1% (v/v) thioglycolic acid to aid in the 

dispersion of the nano particles and observed that 

yielded a greater thermal conductivity than the same 

concentration of nanoparticles in the ethylene glycol 

without the dispersant.  

Jana et al. (2006) measured the thermal 

conductivity of a similar copper containing nanofluid, 

except the base fluid was water and laurate salt was 

used as a dispersant and found the 70% thermal 

conductivity enhancement for 0.3% (v/v) cu 

nanoparticles in water.  

Kang et al. (2006) observed a 75% thermal 

conductivity enhancement for ethylene glycol with 

1.2% (v/v) diamond nanoparticles between 30 and 50 

nm in diameter by measuring the thermal 

conductivity of nanofluids and have found no 

anomalous results.  

Lee et al. (2008) found the thermal 

conductivity of nanofluids is affected by pH level and 

addition of surfactant during nanofluids preparation 

stage. It was observed that better dispersion of 

nanoparticles is achieved with addition of surfactant 

such as sodium dodecylbenzenesulfonate and found 

that the optimum combination of pH and surfactant 

leads to 10.7% thermal conductivity enhancement of 

0.1% Cu/H2O nanofluids.  

Jiang et al. (2009) observed that thermal 

conductivity of nanofluids also depend on the 

nanoparticles size and temperature.  

Wu et al. (2008) observed that the pool 

boiling heat transfer was enhanced at low 

nanoparticles concentration of TiO2 in R11 but 

deteriorated under the condition of high nanoparticles 

concentration.  
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Trisaksri and Wongwises (2009) 

investigated TiO2 in HCFC 1416 in a cylindrical 

copper tube and found that the nucleate pool boiling 

heat transfer deteriorated with increasing nanoparticle 

concentrations especially at higher heat fluxes.  

Hao et al. (2009) investigated the heat 

transfer characteristics of refrigerant-based nanofluids 

flow boiling inside a smooth tube at different 

nanoparticles concentration, mass fluxes, heat fluxes, 

and inlet vapor qualities to analyze the influence of 

nanoparticles on the heat transfer characteristics of 

refrigerant-based nanofluid flow boiling inside the 

smooth tube and developed correlation for predicting 

the heat transfer coefficient of refrigerant-based 

nanofluid and the predicted heat transfer coefficients 

agree with 93% of the experimental data and found 

that the heat transfer coefficient of refrigerant-based 

nanofluid in flow boiling is larger than that of pure 

refrigerant and the maximum enhancement is about 

29.7% when observed with a mass fraction of 

nanoparticles 0–0.5 wt%. and the reduction of the 

boundary layer height due to the disturbance of 

nanoparticles enhances the heat transfer. 

Hao et al. (2010) observed experimentally 

the nucleate pool boiling heat transfer characteristics 

of refrigerant/oil mixture with diamond nanoparticles. 

The refrigerant was R113 and the oil was VG68. The 

results indicate that the nucleate pool boiling heat 

transfer coefficient of R113/oil mixture with diamond 

nanoparticles is larger than that of R113/oil mixture 

by maximum of 63.4% and the enhancement 

increases with the increase of nanoparticles 

concentration in the nanoparticles/oil suspension and 

decreases with the increase of lubricating oil 

concentration.  

Authors developed a correlation for 

predicting the nucleate pool boiling heat transfer 

coefficient of refrigerant/oil mixture with 

nanoparticles and it agrees well with the experimental 

data of refrigerant/oil mixture with nanoparticles.  

Wang et al. (2006) conducted experimental 

study of the boiling heat transfer characteristics of 

R22 refrigerant with Al2O3 nanoparticles and 

observed that the nanoparticles enhanced the 

refrigerant heat transfer characteristics with reduced 

bubble sizes that moved quickly near the heat transfer 

surface.  

Li et al. (2006) studied the pool boiling heat 

transfer characteristics of R11 refrigerant with TiO2 

nanoparticles and showed that the heat transfer 

enhancement reached 20% at aparticle loading of 

0.01 g/L.  

Peng et al. (2009) studied the influence of 

nanoparticles on the heat transfer characteristics of 

refrigerant-based nanofluids flow boiling inside a 

horizontal smooth tube, and developed a correlation 

for predicting heat transfer performance of refrigerant 

based nanofluids by preparing refrigerant based 

nanofluids, In the experiment, R113 refrigerant and 

CuO nanoparticles were used and found that the heat 

transfer coefficient of refrigerant-based nanofluids is 

higher than that of pure refrigerant, and the maximum 

enhancement of heat transfer coefficient found to be 

about 29.7%.  

Kumar and Elansezhian (2014) 

experimentally investigated the effect of 

concentration of nano Zno ranges in the order of 

0.1%,0.3% and 0.5% v with particle size of 50 nm on 

various thermodynamic parameters (i.e. COP, suction 

temperature ,input power and pressure raio with 152a 

as working fluid.In simple vapour compression 

refrigeration system. 

They found that maximum COP of 3.56 and 

21% reduction of power input was obtained with 

0.5% v of Zno .Pressure ratio decreases with increase 

in nano Zno concentration.  

Mahbubul et al. (2013) Thermo-physical 

properties, pressure drop and heat transfer 

performance of Al2O3 nanoparticles suspended in the 

ecofriendly R-134a refrigerant was investigated .To 

determine the thermal conductivity and viscosity of 

the nano refrigerants for the nanoparticle 

concentrations of 1 to 5 vol.% existing model was 

studied .Thermal conductivity of Al2O3/R-134a 

nanorefrigerant increased with the augmentation of 

particle concentration and temperature however, 

decreased with particle size intensification. 

In addition, the results of viscosity, pressure 

drop, and heat transfer coefficients of the 

nanorefrigerant show a significant increment with the 

increase of volume fractions. 

The frictional pressure drop shows rapid 

increment of more than 3 vol. % with particle volume 

fraction, and the pumping power increases with 

particle concentration similar to pressure drop 

increment.  

The pumping power is proportional to the 

pressure drop of nano-refrigerant.  
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1.2 Research gaps identified  

Based on the literature it was observed that 

Researchers have gone through detailed first law 

analysis in terms of coefficient of performance and 

second law analysis in term of exergetic efficiency of 

simple vapour compression refrigeration system with 

single evaporator.  

Authors also analyzed the effect of 

nanofluids on simple vapour compression cycle in the 

term of pool boiling, COP, Thermal conductivity etc 

Researchers did not go through irreversibility analysis 

or second law analysis of multiple evaporators 

systems with multi-stage expansion in vapour 

compression refrigeration systems.  

Researchers did not go through 

irreversibility and second law analysis of single and 

multi-stage vapour compression refrigeration systems 

by using of nanofluid. 

 

1.3 Research objectives  

1. Detailed theoretical analysis in terms of first 

law efficiency, second law efficiency, and 

exergy destruction of single and multiple 

stages vapour compression refrigeration 

systems using ecofriendly refrigerants.  

2. Detailed system optimization to be done and 

experimental test rig to be developed to verify 

theoretical and experimental work.  

3. Effect of nanofluids on first law efficiency, 

second law efficiency and irreversibility of 

each component of both systems (single and 

multi-stage VCR) experimentally.  

 

1.4 Methods for performance improvements  

To improve thermal performance of vapour 

compression refrigeration systems (both single and 

multiple evaporator system) by improving:  

First law efficiency-According to first law of 

thermodynamic energetic efficiency /COP is defined 

as the ratio of net refrigeration effect to the per unit 

power consumed.  

First law analysis restricted to calculate only 

coefficient of performance of the systems and Second 

law efficiency- The concept of exergy was given by 

second law of thermodynamics.  

Second law efficiency is the exergy of the 

heat abstracted in to the evaporators from the space to 

be cooled and exergy of fuel is actual compressor 

work input.  

Reduction of system defect by using of 

nanoparticles in vapour compression refrigeration 

systems which results into reduction of work input.  

 

1.5 Methodology  

To obtain above research objectives 

following methodology have to be adopted:  

Fabrication of multi and single stage vapour 

compression systems Verification of theoretical 

results with results obtained from experimental setup. 

Analysis in terms of energy efficiency, exergetic 

efficiency and irreversibility of each component of 

both (single and multi stage vapour compression) 

systems with pure refrigerant (R-134a). Effect on 

above parameters with nanofluids.  

 

2.0 Model Description  

 

The general structure of the proposed model 

is presented in Fig. 1., where it can be seen that the 

model inputs are the secondary fluids/ nanofluid input 

variables and the compressor speed, neglecting sub-

cooling degree at the condenser outlet and 

superheating degree at the evaporator outlet, for 

simplicity. 

Using these inputs and the main 

characteristics of the compressor and heat 

exchangers, the model predicts the operating 

pressures (without considering pressure drops), 

secondary fluids output variables and the energy 

performance. in both condenser & evaporator is 

counter flow. 

In the evaporator Refrigerant flows inside 

the inner tube and nanofluid surrounding the inner 

tube and the condenser water flows inside the inner 

tube and refrigerant surrounding the inner tube. 

The model computes the refrigerant 

properties and the thermo-physical properties of 

secondary fluids are evaluated by using Engineering 

equation solver (EES). 

The model consists of a set of five equations 

based on physical laws describing the main parts of 

the system, as shown schematically in Fig. 1. 

There frigerant states are numbered in Fig. 

1.3 The refrigerant mass flow rate (mr) has been 

modeled using Eq. (1), where the compressor 

volumetric efficiency (ηv) has been expressed as a 

function of operating pressure and compressor speed 
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(N) as shown in Eq. (2). For simplicity, (ρ1) is the 

refrigerant density considered is the one 

corresponding to the saturated vapor at the 

evaporating pressure and Vg is the geometric 

compressor volume. 

 

Fig 1: Schematic Structure of Model 

 

 
 

Fig 2: Vapour Compression cycle 

 

 
 

The model consists of a set of five equations 

based on physical laws describing the main parts of 

the system, as shown schematically in Fig. 2. The 

refrigerant states are numbered in Fig. 1.3. The 

refrigerant mass flow rate (mr) has been modeled 

using Eq. (1), where the compressor volumetric 

efficiency (ηv) has been expressed as a function of 

operating pressure and compressor speed (N) as 

shown in Eq. (2). For simplicity, (ρ1) is the 

refrigerant density considered is the one 

corresponding to the saturated vapor at the 

evaporating pressure and Vg is the geometric 

compressor volume. 
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2.2 Compressor formulation  

The compressor behavior is modeled from 

the isentropic efficiency (ηis) and the working 

pressures. Thus, from the refrigerant state at the 

evaporator outlet, the refrigerant state at the 

compressor discharge is determined using Eq.(10) 

from the isentropic compression work and the 

compression isentropic efficiency, 

 
where, ηis is the compression isentropic 

efficiency and it has been obtained from gathered 

empirical data, as a function of operating pressures, 

yielding Eq. (11)  

 
In order to compute the compressor power 

consumption, the model makes use of a global 

electromechanical efficiency (12) fitted with the 

empirical data as a function of N, 

 
As in the case of Eq.(2) the efficiencies 

given by Eq. (11) and (12) Show a significant 

relationship among the variables with a confidence 

level of 99%. 

The correlations for isentropic and 

electromechanical efficiency are fitted for the 

compressor used in the facility, and similar relations 

should be obtained from experimental results for 

another compressor. 

The heat transfer from the refrigerant at the 

compressor discharge line to the condenser inlet has 

been modeled, due to the considerable length of the 

line in the experimental chiller facility, using 

expression (13)  
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and the natural-convection heat transfer coefficient is 

computed as, 

 
2.3 Condenser formulation  

The condenser behavior is modeled by 

dividing the heat exchanger into two zones the 

superheated vapor zone and the condensing zone, 

assuming no sub-cooling at the condenser outlet, as it 

has been stated in the assumptions. The overall heat 

exchanger is then modeled with two energy balances, 

one using the secondary fluid heat flow rate (17), 

 

and the other making use of the global heat transfer 

coefficient (18) and assuming a LMTD correction 

factor equal to 1 for simplicity, 

 
Being UK an average heat transfer 

coefficient computed as, 

 
Where,  

SK is the overall heat transfer area of the 

heat exchanger.  

SV is the theoretical heat transfer area 

dedicated to the superheated vapor zone. 

 

 
In the calculation of the partial heat transfer 

coefficients, UV and UVL, the convection heat transfer 

coefficient in the water side is computed using Eq. 

(14). For the computation of the convection heat 

transfer coefficient associated to the refrigerant one 

can distinguish between the convection heat transfer 

coefficient in the superheated vapor zone, given by, 
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Finally, the model consists of a set of 

nonlinear equations, basically defined by Eqs. (3), 

(4), (13), (17), and (18), which constitute a system 

relating the model output variables, Tb,out, Tw,out, pe, pk 

and T3, in terms of the model input variables, mb, mw, 

Tb,in, Tw,in and N.  

 

2.4 Nanofluid  

Nanofluid always be treated as a 

homogenous fluid. [8] Velagapudi et al. (2008) 

proposed the following correlation for the thermal 

conductivity of nanofluids  

 

 
 

Where the Reynolds number is given by  

 
Constant c depends on the particle-base fluid 

combination (Velagapudi et al., 2008). For water-

based nanofluids with nanoparticles of Al2O3, CuO, 

Cu and TiO2, the value of c is 1, 1.298, 0.74 and 1.5, 

respectively.  

Concerning viscosity, specific correlations 

for each nanofluid were employed. For example, for 

water-Al2O3 nanofluid, the viscosity is given by Pak 

and Cho (1998), as follows  

 
 

3.0 Results and Discussions  

 

Cycle calculation and solution method  

Input date for the thermal modeling included 

the geometry of compressor and heat exchangers 

(inner and outer diameters), refrigerant type, 

nanofluid characteristics(base fluid and nanoparticle 

material, size and volume fraction), inlet temperatures 

of condenser coolant (Water) and secondary fluid 

(nanofluid), condensing and evaporating 

temperatures, excluding superheating in the 

evaporator and subcooling in the condenser thermal 

load. The resulting system of equations was solved in 

the EES (Engineering Equation Solver) platform. 

Simulation main results include  

 

(i) Performance parameter of the thermal model 

for different types of eco friendly refrigerant 

without nanofluid  

 

(ii) Performance parameter of the thermal model 

for different types of eco friendly refrigerant 

with nanofluid and % enhancement of first law 

of thermodynamics.  

 

Table-1 to 12 showing the effect of evaporator 

temperature with performance parameters. As 

evaporator temperature increases, the first law 

efficiency of vapour compression refrigeration 

system is increases. Also second law 

efficiency is also increases up to variation of 

evaporator temperature of -5oC and then 

decreases. Therefore optimum temperature of 

evaporator is found to be -5oC. Similarly 

exergy destruction ratio is also decreases up to 

273K and then increases.  
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The optimum evaporator temperature to be 

found to be 273K for optimum EDR. Table-13 to 24 

showing the effect of condenser temperature with 

performance parameters. As condenser temperature 

increases, the first law efficiency of vapour 

compression refrigeration system is decreases. Also 

second law efficiency is also decreases.. Similarly 

exergy destruction ratio is also decreases. 

 

Table 1: Variation of Performance Parameters 

With Evaporator Temperature in the Vapour 

Compression Refrigeration System using R-125 In 

Primary Circuit and Titanium Dioxide 

Nonoparticles of 10 Micron Particle’s Diameter in 

Secondary Circuit for Condenser Temperature 

48oc 

 

 
 

Table 2: Variation of Performance Parameters 

with Evaporator Temperature in the Vapour 

Compression Refrigeration System using R-407c 

in Primary Circuit and Titanium Dioxide 

Nonoparticles of 10 Micron Particle’s Diameter in 

Secondary Circuit for Condenser Temperature 

48oc 

 

 
 

Table 3: Variation of Performance Parameters 

with Evaporator Temperature in the Vapour 

Compression Refrigeration System Using R-134a 

in Primary Circuit and Titanium Dioxide 

Nonoparticles of 10 Micron Particle’s Diameter in 

Secondary Circuit for Condenser Temperature 

48oc 

 
 

Table 4: Variation of Performance Parameters 

with Evaporator Temperature in the Vapour 

Compression Refrigeration System Using R-410a 

in Primary Circuit and Titanium Dioxide 

Nonoparticles of 10 Micron Particle’s Diameter in 

Secondary Circuit for Condenser Temperature 

48oc 

 

 

 
 

Table 5: Variation of Performance Parameters 

with Condenser Temperature in the Vapour 

Compression Refrigeration System Using R-502 in 

Primary Circuit and Titanium Dioxide 

Nonoparticles Of 10 Micron Particle’s Diameter in 

Secondary Circuit for Condenser Temperature 

48oc 

 

 

 

Table 6:Variation of Performance Parameters 

with Evaporator Temperature in the Vapour 

Compression Refrigeration System Using R-404a 

in Primary Circuit and Titanium Dioxide 

Nonoparticles of 10 Micron Particle’s Diameter in 

Secondary Circuit for Condenser Temperature 

48oc 



178 International Journal of Advance Research and Innovation, Vol 2(2), Apr-Jun 2014 

 

 

 

 
 

Table 7: Variation of Performance Parameters 

with Evaporator Temperature in the Vapour 

Compression Refrigeration System Using R-152a 

in Primary Circuit and Titanium Dioxide 

Nonoparticles of 10 Micron Particle’s Diameter in 

Secondary Circuit for Condenser Temperature 

48oc 

 

 
 

Table 8: Variation of Performance Parameters 

with Condenser Temperature in the Vapour 

Compression Refrigeration System Using R-507a 

in Primary Circuit and Titanium Dioxide 

Nonoparticles of 10 Micron Particle’s Diameter in 

Secondary Circuit for Condenser Temperature 

48oc 

 

 

 
 

Table 9: Variation of Performance Parameters 

with Evaporator Temperature in the Vapour 

Compression Refrigeration System Using R-290 in 

Primary Circuit and Titanium Dioxide 

Nonoparticles of 10 Micron Particle’s Diameter in 

Secondary Circuit for Condenser Temperature 

48oc 

 

 
 

Table 10: Variation of Performance Parameters 

with Evaporator Temperature in the Vapour 

Compression Refrigeration System Using R-600a 

in Primary Circuit and Titanium Dioxide 

Nonoparticles of 10 Micron Particle’s Diameter in 

Secondary Circuit for Condenser Temperature 

48oc 

 

 
 

Table 11: Variation of Performance Parameters 

with Evaporator Temperature in the Vapour 

Compression Refrigeration System Using R-600 in 

Primary Circuit and Titanium Dioxide 

Nonoparticles of 10 Micron Particle’s Diameter in 

Secondary Circuit for Condenser Temperature 

48oc 

 

 
 

Table 12: Variation of Performance Parameters 

with Evaporator Temperature in the Vapour 

Compression Refrigeration System Using R-290 in 

Primary Circuit and Titanium Dioxide 

Nonoparticles of 10 Micron Particle’s Diameter in 

Secondary Circuit for Condenser Temperature 

48oc 
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Table 13: Variation of Performance Parameters 

with Condenser Temperature in the Vapour 

Compression Refrigeration System Using R-125 in 

Primary Circuit and Titanium Dioxide 

Nonoparticles of 10 Micron Particle’s Diameter in 

Secondary Circuit for Evaporator Temperature -

5oc 

 

 
 

Table 14: Variation of Performance Parameters 

with Condenser Temperature in the Vapour 

Compression Refrigeration System Using R-407c 

in Primary Circuit and Titanium Dioxide 

Nonoparticles Of 10 Micron Particle’s Diameter in 

Secondary Circuit for Evaporator Temperature -

5oc 

 

 
 

Table 15. Variation of Performance Parameters 

with Condenser Temperature in the Vapour 

Compression Refrigeration System Using R-134a 

in Primary Circuit and Titanium Dioxide 

Nonoparticles of 10 Micron Particle’s Diameter in 

Secondary Circuit for Evaporator Temperature -

5oc 

 
 

Table 16: Variation of Performance Parameters 

with Evaporator Temperature in the Vapour 

Compression Refrigeration System Using R-502 in 

Primary Circuit and Titanium Dioxide 

Nonoparticles of 10 Micron Particle’s Diameter in 

Secondary Circuit for Evaporator Temperature -

5oc 

 

 

 
 

Table 17: Variation of Performance Parameters 

with Condenser Temperature in the Vapour 

Compression Refrigeration System Using R-410a 

in Primary Circuit and Titanium Dioxide 

Nonoparticles of 10 Micron Particle’s Diameter in 

Secondary Circuit 

 

 
 

Table 18: Variation of Performance Parameters 

with Condenser Temperature in the Vapour 

Compression Refrigeration System Using R-404a 

in Primary Circuit and Titanium Dioxide 

Nonoparticles of 10 Micron Particle’s Diameter in 

Secondary Circuit for Evaporator Temperature -

5oc 
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Table 19: Variation of Performance Parameters 

with Condenser Temperature in the Vapour 

Compression Refrigeration System Using R-152a 

in Primary Circuit and Titanium Dioxide 

Nonoparticles of 10 Micron Particle’s Diameter in 

Secondary Circuit for Evaporator Temperature -

5oc 

 

 
 

Table 20: Variation of Performance Parameters 

with Condenser Temperature in the Vapour  

Compression Refrigeration System Using R-507a 

in Primary Circuit and Titanium Dioxide 

Nonoparticles of 10 Micron Particle’s Diameter in 

Secondary Circuit for Evaporator Temperature -

5oc 

 

 
 

Table 21: Variation of Performance Parameters 

with Condenserr Temperature in the Vapour 

Compression Refrigeration System Using R-290 in 

Primary Circuit and Titanium Dioxide 

Nonoparticles of 10 Micron Particle’s Diameter in 

Secondary Circuit for Evaporator Temperature -

5oc 

 
 

Table 22: Variation of Performance Parameters 

with Condenser Temperature in the Vapour 

Compression Refrigeration System Using R-600a 

in Primary Circuit and Titanium Dioxide 

Nonoparticles of 10 Micron Particle’s Diameter in 

Secondary Circuit for Evaporator Temperature -

5oc 

 

 
 

Table 23: Variation of Performance Parameters 

with Condenser Temperature in the Vapour 

Compression Refrigeration System Using R-600 in 

Primary Circuit and Titanium Dioxide 

Nonoparticles of 10 Micron Particle’s Diameter in 

Secondary Circuit for Evaporator Temperature -

5oc 

 

 

 
 

Table 24: Variation of Performance Parameters 

with Condenser Temperature in the Vapour 

Compression Refrigeration System Using R-290 in 

Primary Circuit and Titanium Dioxide 

Nonoparticles of 10 Micron Particle’s Diameter in 

Secondary Circuit for Evaporator Temperature -

5oc 
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4.0 Conclusions  

 

The performances of vapour compression 

have been studies in details and following 

conclusions were made.  

 

1 The optimum temperature of evaporator is 

found to be -5oC. Similarly exergy destruction 

ratio is also decreases up to 273K and then 

increases. The optimum evaporator 

temperature to be found to be 273K for 

optimum EDR condenser temperature with 

performance parameters.  

2 As condenser temperature increases, the first 

law efficiency of vapour compression 

refrigeration system is decreases. Also second 

law efficiency is also decreases. Similarly 

exergy destruction ratio is also decreases.  

3 Use of nano particle suspended in the water 

used as refrigerant in the secondary circulit in 

the evaporator greatly affecting its first law 

performance.  

4 As evaporator temperature is increases, the 

first law efficiency and second law efficiency 

increases.  

 

The increasing condenser temperature the 

First law and second law performance decreases 
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