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ABSTRACT 

In the present work effect of fouling on performance of a simple vapour compression 

system has been evaluated by varying condenser coolant inlet temperature Tin,cond 

(i.e. 35oC, 37.5 oC and 40 oC), and also by varying condenser and evaporator 

conductances individually, and simultaneously between 0% to 50% for refrigerants 

R134a, R1234yf, and R1234ze, While keeping the Tin,evap, efficiency of compressor 

constant. A computer program has been made in EES for simulation purpose. The 

same has been validated with literature available before calculating the results. The 

effect of condenser and evaporator fouling simultaneously with variation in condenser 

coolant temperature decreases the COP more as compared to condenser and 

evaporator fouling individually, while condenser fouling has larger effect on 

compressor power with variation of condenser coolant inlet temperature Tin,cond. The 

second law efficiency also decreases with decrease in condenser and evaporator 

conductances of the system. 

The data generated and presented reduces the amount of experimentation and helps 

to reliably predict relevant quantities for the vapour compression refrigeration system 

by combining data from each of the heat exchangers at fouled conditions to predict 

those same quantities in more complex fouled condition.  

 

 

 

 



v 

 

CONTENTS 

Student declaration        i 

Certificate          ii 

Acknowledgement         iii 

Abstract          iv 

Contents          v 

List of figures         vii 

List of tables                          xii 

Nomenclature         xvi 

Chapter 1 

INTRODUCTION 

1.1      Description of vapour compression refrigeration cycle             1 

1.2. Motivation          4 

1.3  Scope          5 

1.4. Organization of thesis       6 

Chapter 2 

LITERATURE REVIEW  

            2.1      Literature survey on Theoretical & experimental studies of VCRS  7               

             2.2       Literature survey on thermodynamic properties   11 

 2.3      Literature survey on refrigerants                13 

 2.4.   Literature survey on fouling in VCRS     16 



vi 

 

2.5.  Conclusions of literature survey       17 

2.6.   Gaps in Literature survey       18 

           2.7.      Objectives of present work                 18 

Chapter 3 

THERMODYNAMIC MODELLING 

 3.1 Thermodynamic model of simple VCRS                                           20             

 Chapter 4 

RESULTS AND DISCUSSION 

         4.1 Model validation         25 

         4.2 Results of a single stage VCRS      26 

 

  4.2.1 Input conditions                  27 

            4.2.2 Results                              28 

 

         4.3 Performance curves                   55 

 Chapter 5 

CONCLUSIONS AND SCOPE OF FUTURE WORK   

         5.1 Conclusions                 104 

         5.2 Scope for future work                106 

References                   107 

  



vii 

 

LIST OF FIGURES 

Figure 1.1   Vapour compression cycle.         3 

Figure 1.2   Temperature – Entropy diagram of VCRC.      3 

Figure 2.1   Refrigerant  progression.        14 

Figure 3.1   Pressure – Enthalpy   diagram for   simple VCRS.              20 

Figure 3.2   Schematic diagram of a  simple  VCRS.      21 

Figure 4.1   Compressor work  vs. Percentage decrease in condenser  
                   conductance for R134a.        56 
 

Figure 4.2   COP vs. Percentage decrease in condenser conductance  
                   for R134a.              56 
 
Figure 4.3   Percentage  change  in  cooling  capacity  vs. Percentage  
                   decrease in condenser conductance for R134a.                57 
 
Figure 4.4   Percentage change  in  compressor  work  vs. Percentage  
                   decrease in condenser conductance for R134a.               57 
 
Figure 4.5   Percentage   change   in   COP vs. Percentage   decrease  
                   in condenser conductance for R134a.                   58  
 
Figure 4.6   Percentage   change   in   effectiveness   vs.  Percentage  
                   decrease in condenser conductance for R134a.     58 
 
Figure 4.7    Percentage   change (%)  vs.  Percentage   decrease   in  
                    condenser conductance for R134a.      59 
 
Figure 4.7a  Pressure - Enthalpy  diagram of  condenser  fouling  for 
                     VCRS                                                                                              60 
 
Figure 4.8   Compressor work  vs. percentage decrease in evaporator  
                    conductance for R134a.                  61 
 

Figure 4.9    COP vs. Percentage decrease in evaporator conductance  
           for R134a.                                                                                        61 
 
Figure 4.10  Percentage  change  in cooling  capacity vs. Percentage  
                     decrease in evaporator conductance for R134a.                   62 
 
Figure 4.11  Percentage change in compressor  work  vs. Percentage 
                     decrease in evaporator  conductance for R134a.    62 
 



viii 

 

Figure 4.12   Percentage  change  in  COP  vs.  Percentage  decrease  
                      in evaporator conductance for R134a.                                   63 
 
Figure 4.13   Percentage   change   in   effectiveness  vs.  Percentage  
                      decrease in evaporator  conductance for R134a.   63 
 
Figure 4.14   Percentage   change (%)  vs.  Percentage   decrease   in 
                      evaporator conductance for R134a.                                       64 
 
Figure 4.14a  Pressure - Enthalpy  diagram of evaporator fouling  for 
                       VCRS.         65 
 
Figure 4.15   Compressor work vs. Percentage decrease in condenser  
                      and evaporator conductances for R134a.    66 
 
Figure 4.16   COP   vs.  Percentage   decrease    in   condenser    and  
                      evaporator  conductances  for  R134a.                     66 
 
Figure 4.17   Percentage change in cooling  capacity  vs.  Percentage  
                     decrease  in  condenser   and   evaporator conductances  
                     for  R134a.                     67 
 
Figure 4.18   Percentage  change in compressor  work vs. Percentage 
                     decrease   in   condenser  and  evaporator conductances  

          for R134a.              67 
 

Figure 4.19   Percentage  change  in  COP  vs. Percentage   decrease  
                      in condenser  and  evaporator  conductances for  R134a.   68 
 
Figure 4.20   Percentage   change   in   effectiveness  vs.  Percentage  
                     decrease  in  condenser   and  evaporator  conductances  
                     for R134a.            68 
 
Figure 4.21   Percentage  change (%)   vs.  Percentage   decrease   in  
                     condenser and evaporator  conductances  for  R134a.    69 
 
Figure 4.21a  Pressures - Enthalpy   diagram   of   condenser   and  
                      evaporator fouling for VCRS.         70 
 
Figure 4.22   Compressor work vs. Percentage decrease in condenser  
                      conductance for R1234yf.        71 
 

Figure 4.23   COP vs. Percentage decrease in condenser conductance  
                     for R1234yf.                                                                                           71 
 
Figure 4.24   Percentage  change  in  cooling  capacity vs. Percentage  
                     decrease  in  condenser  conductance  for  R1234yf.              72 
 
Figure 4.25   Percentage change in compressor  work  vs. Percentage  
                      decrease in condenser  conductance for R1234yf.    72 
 



ix 

 

Figure 4.26   Percentage   change  in  COP  vs.  Percentage  decrease  
                      in  condenser  conductance  for  R1234yf.       73  
 
Figure 4.27   Percentage   change   in   effectiveness   vs.  Percentage  
                      decrease  in condenser conductance  for  R1234yf.    73 
 
Figure 4.28   Percentage  change (%)  vs.   Percentage   decrease   in  
                      condenser conductance  for  R1234yf.      74 
 
Figure 4.29   Compressor work  vs. percentage decrease in evaporator  
                      conductance for R1234yf.        75 
  

Figure 4.30   COP vs. Percentage decrease in evaporator conductance  
                      for R1234yf.                     75 
 
Figure 4.31   Percentage change  in  cooling  capacity  vs. Percentage  
                      decrease  in  evaporator  conductance  for  R1234yf.              76 
 
Figure 4.32   Percentage  change  in  compressor  work vs. Percentage 
                      decrease in evaporator  conductance for R1234yf.            76 
 
Figure 4.33   Percentage change in COP vs. Percentage  decrease  in  
                      evaporator  conductance  for  R1234yf.                                       77 
 
Figure 4.34   Percentage   change   in   effectiveness   vs.  Percentage  
                      decrease  in  evaporator  conductance  for  R1234yf.    77 
 
Figure 4.35   Percentage   change (%) vs.  Percentage   decrease   in 
                      evaporator conductance for R1234yf.                              78 
 
Figure 4.36   Compressor work vs. Percentage decrease in condenser  
                      and evaporator  conductances for R1234yf.     79 
 
Figure 4.37   COP   vs.   Percentage    decrease    in   condenser   and  
                      evaporator conductances for R1234yf.      79 
 
Figure 4.38   Percentage change  in  cooling  capacity  vs. Percentage  
                      decrease   in  condenser   and  evaporator conductances  
                      for R1234yf.           80 
 
Figure 4.39   Percentage change in compressor  work  vs. Percentage 
                     decrease  in  condenser   and   evaporator conductances  
                     for R1234yf.            80 
. 
Figure 4.40   Percentage change in COP vs. Percentage decrease  in 
                      condenser  and  evaporator conductances  for  R1234yf.   81 
 
 
 
 
 



x 

 

Figure 4.41   Percentage  change   in   effectiveness   vs.  Percentage  
                     decrease  in  condenser   and   evaporator conductances  
                     for  R1234yf.           81 
 
Figure 4.42   Percentage   change  (%)  vs.  Percentage   decrease   in  
                      condenser and evaporator  conductances  for  R1234yf.  82 
 
Figure 4.43   Compressor work vs. Percentage decrease in  condenser  
                      conductance  for  R1234ze.                  83 
 

Figure 4.44   COP vs. Percentage decrease in condenser  conductance  
                      for R1234ze.           83 
 
Figure 4.45   Percentage change  in  cooling  capacity  vs.  Percentage  
                     decrease  in condenser  conductance  for  R1234ze.              84 
 
Figure 4.46   Percentage change in  compressor  work  vs. Percentage  
                      decrease  in  condenser  conductance  for  R1234ze.             84 
 
 
Figure 4.47   Percentage change  in COP vs. Percentage  decrease in   
                      condenser conductance for R1234ze.           85  
 
Figure 4.48   Percentage   change   in  effectiveness   vs.  Percentage  
                      decrease  in  condenser  conductance  for  R1234ze.   85 
 
Figure 4.49   Percentage  change  (%)   vs.  Percentage   decrease  in  
                      condenser  conductance  for  R1234ze.     86 
 
Figure 4.50   Compressor work vs. percentage decrease in evaporator  
                      conductance  for  R1234ze.      87 
 

Figure 4.51   COP vs. Percentage decrease in evaporator conductance 
            for R1234ze.          87 
 
Figure 4.52   Percentage change  in  cooling  capacity  vs. Percentage  
                      decrease  in  evaporator  conductance  for  R1234z                          88 
 
Figure 4.53   Percentage change in compressor work  vs.  Percentage 
                      decrease  in evaporator  conductance  for  R1234ze.             88 
 
Figure 4.54   Percentage  change  in  COP  vs.  Percentage  decrease  
                      in  evaporator  conductance  for  R1234ze.               89 
 
Figure 4.55   Percentage  change  in   effectiveness   vs.   Percentage  
                      decrease  in  evaporator  conductance  for  R1234ze.   89 
 
Figure 4.56   Percentage   change (%)   vs.  Percentage   decrease  in 
                      evaporator  conductance  for  R1234ze.                                      90 
 
 



xi 

 

Figure 4.57   Compressor work vs. Percentage decrease in condenser  
                      and evaporator  conductances for R1234ze.               91 
 
Figure 4.58   COP   vs.  Percentage    decrease   in   condenser    and  
                      evaporator  conductances  for  R1234ze.     91 
 
Figure 4.59   Percentage  change  in cooling  capacity vs. Percentage  
                     decrease  in  condenser   and  evaporator  conductances 
            for  R1234ze.         92 
 
Figure 4.60   Percentage change in  compressor work  vs. Percentage 
                     decrease  in  condenser   and   evaporator conductances 
            for  R1234ze.                       92 
 

Figure 4.61   Percentage  change  in  COP  vs.  Percentage  decrease  
                      in condenser and evaporator conductances for  R1234ze.   93 
 
Figure 4.62   Percentage  change  in   effectiveness   vs.   Percentage  
                     decrease  in  condenser   and  evaporator  conductances 
            for  R1234ze.          93 
 
Figure 4.63   Percentage  change (%)  vs.   Percentage   decrease   in  
                     condenser  and  evaporator conductances  for  R1234ze.   94 
 
Figure 4.64   Second-law   efficiency (%)  vs.  Percentage   decrease   in  
                      condenser conductance for R134a.                    98 
 
Figure 4.65   Second-law   efficiency (%)  vs.  Percentage   decrease   in  
                      condenser  conductance for R1234yf.      98 
 
Figure 4.66   Second-law   efficiency (%)  vs.  Percentage   decrease   in                     
                      condenser  conductance for R1234ze.                    99 
 
Figure 4.67   Second-law   efficiency (%)  vs.  Percentage   decrease   in  
                      evaporator  conductance for R134a.               100 
 
Figure 4.68   Second-law   efficiency (%)  vs.  Percentage   decrease   in  
                      evaporator  conductance for R1234yf.               100 
 
Figure 4.69   Second-law   efficiency (%)  vs.  Percentage   decrease   in       
                      evaporator  conductance for R1234ze.               101 
 
Figure 4.70   Second-law   efficiency (%)  vs.  Percentage   decrease   in  
                      condenser  & evaporator conductances for R134a.             102 
 
Figure 4.71   Second-law   efficiency (%) vs.  Percentage   decrease   in 
                      condenser  &  evaporator  conductances for R1234yf.             102 
 
Figure 4.72   Second-law   efficiency (%)  vs.  Percentage   decrease   in   
                      condenser  &  evaporator  conductances for R1234ze.  103 



xii 

 

LIST OF TABLES 

 
Table 4.0 Comparison of performance data from Stoecker and Jones  
                 [22] and current model.                 26 
 
Table 4.1 Values of inputs at design point.      27 

Table 4.2  

a) Results of performance  parameter  for R134a  on  condenser  
fouling  at  Tin,cond = 40o C.                28  
 

b) Results of  performance  parameter for R134a  on  condenser  

fouling  at  Tin,cond = 37.5o C.                                        29 

 

c) Results of  performance  parameter for R134a  on  condenser  

fouling  at  Tin,cond = 35o C.                                  30 

Table 4.3  

a) Results of  performance  parameter  for R134a  on  evaporator  
fouling  at  Tin,cond=40o C .        31 
 

b) Results of  performance  parameter  for R134a  on  evaporator  

fouling  at  Tin,cond=37.5o C .       32 

 

c) Results of  performance  parameter  for R134a  on  evaporator  
fouling  at  Tin,cond=35o C .        33 
 

Table 4.4 

a) Results of  performance  parameter  for R134a  on  condenser  
and  evaporator  fouling  at  Tincond=40o C .     34 
 

b) Results of  performance  parameter  for R134a  on  condenser  
and  evaporator  fouling  at  Tincond=37.5o C .     35 

 
c) Results of  performance  parameter  for R134a  on  condenser  

           and  evaporator  fouling  at  Tincond=35o C .     36 
 

 
 

 



xiii 

 

Table 4.5  

a) Results of performance parameter for  R1234yf on condenser  
fouling at Tincond=40o C.         37 
 

b) Results of performance parameter for  R1234yf on condenser  
fouling at Tincond=37.5o C.         38 
 

c) Results of performance parameter for  R1234yf on condenser  
fouling at Tincond=35o C.         39 
 

Table 4.6  

a)  Results of performance parameter for  R1234yf on evaporator  
fouling at Tincond=40o C.         40 
 

b) Results of performance parameter for  R1234yf  on evaporator  
fouling at Tincond=37.5o C.         41 

 

c) Results of performance parameter for  R1234yf  on evaporator  
 fouling at Tincond=35o C.         42 
 

Table 4.7 

a)  Results of performance parameter for  R1234yf on condenser  
and  evaporator  fouling  at  Tincond=40o C                   43 
 

b) Results of performance parameter for  R1234yf on  condenser 
and evaporator fouling at Tincond=37.5o C      44 

 
c) Results of performance parameter for  R1234yf on  condenser 

           and evaporator fouling at Tincond=35o C.      45 
 

Table 4.8  

a) Results of performance parameter for R1234ze on  condenser  
fouling at Tincond=40o C.         46 
 

b) Results of performance parameter for  R1234ze on condenser  
      fouling at Tincond=37.5o C.         47 

 
c) Results of performance parameter for  R1234ze on condenser  

fouling at Tincond=35o C.         48 
 
 
 



xiv 

 

Table 4.9  

a)  Results of performance parameter for R1234ze on evaporator  
fouling at Tincond=40o C.        49 
 

b)  Results of performance parameter for R1234ze on evaporator  
 fouling at Tincond=37.5o C.         50 
 

c) Results of performance parameter for  R1234ze on evaporator  
fouling at Tincond=35o C.         51 
 

Table 4.10 

a)  Results of performance parameter for R1234ze on condenser  
and evaporator fouling at Tincond=40o C.       52 
 

b) Results of performance parameter for  R1234ze on condenser 
and evaporator fouling at Tincond=37.5o C.      53 

 
c) Results of performance parameter for  R1234ze on condenser  

           and evaporator fouling at Tincond=35o C.       54 
 
 
Table 4.11a Comparison of results for R1234yf, R1234ze with R134a  
                     at Tin,cond = 40oC.                                              95 
 
Table 4.11b Comparison of results for R1234yf,R1234ze with R134a  
                    at Tin,cond = 37.5oC.        95 
 
Table 4.11c Comparison of results for R1234yf, R1234ze with R134a   
                    at Tin,cond = 35oC.        95 
 
Table 4.12a Comparison of results for R1234yf, R1234ze with R134a   
                    at Tin,cond = 40oC.        96 
 
Table 4.12b Comparison of results for R1234yf, R1234ze with R134a   
                    at Tin,cond = 37.5oC.        96 
 
Table 4.12c Comparison of results for R1234yf, R1234ze with R134a  
                    at Tin,cond = 35oC.        96 
 
Table 4.13a Comparison of results for R1234yf, R1234ze with R134a  
                    at Tin,cond = 40oC.        97 
 
Table 4.13b Comparison of results for R1234yf, R1234ze with R134a   
                    at Tin,cond = 37.5oC.        97 
 
Table 4.13c Comparison of results for R1234yf, R1234ze with R134a   
                    at Tin,cond = 35oC.        97 



xv 

 

Table 4.14 Comparison  of  second  law  efficiency  for  Refrigerants  
                   R1234yf, R1234ze with R134a.      99 
 
Table 4.15 Comparison  of  second  law  efficiency  for Refrigerants  
                   R1234yf, R1234ze with R134a.              101 
 
Table 4.16 Comparison  of  second  law  efficiency  for  Refrigerants  
                  R1234yf, R1234ze with R134a.              103 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

  



xvi 

 

NOMENCLATURE 

C    Minimum value of the thermal capacitance rate (kWK-1) 

 

CFCs    Chloro-fluoro-carbons 

 

COP     Coefficient of performance 

 

EES   Engineering equation solver 

 

EOS   Equation of state 

 

GWP   Global warming potential 

 

HCFCs  Hydro-chloro-fluoro-carbons 

 

HFO    Hydro-Fluoro-Olefin 

 

m   Refrigerant mass flow rate (kg s-1) 

 

mod   Model 

 

ʋ     Specific volume (m3 kg-1) 

 

ODP   Ozone depletion potential 

 

P   Pressure (MPa) 

 

Q     Rate of heat transfer (kW) 

 

T     Temperature (K) 

 

UA     Overall conductance (kWK-1) 

 

VCRC   Vapour compression refrigeration cycle  

 

VCRS    Vapour compression refrigeration system 

 

W     Power requirement (kW) 

 

 

 

 

 



xvii 

 

Greek 

Ƞ    Efficiency (%) 

Є, Epsilon   Heat exchanger effectiveness  

 

Subscripts 

act   Actual 

cl    Clean condition 

 

cd, cond    Condenser 

 

cp    Compressor 

 

dl     Discharge line 

 

e     Exergy 

error    Percentage error 

 

ev, evap    Evaporator 

 

f     Fouled condition 

 

in     Entering 

 

isn     Isentropic 

 

min   Minimum 

mod     Model 

 

ref      Refrigerant 

 

rev     Reversible cycle 

 

sl     Suction line 

 

th   Thermal 

 

I   First-law 

II     Second-law 



xviii 

 

1    Condenser exit state 

2   Evaporator inlet state 

4   Compressor inlet state 

6    Condenser inlet state       

7   Air inlet state in evaporator 

8   Air outlet state in evaporator 

9   Coolant inlet state in condenser 

10   Coolant outlet state in condenser 

 


