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Abstract – In this paper, performance analysis of a domestic refrigerator has been done by changing the design of condenser fins. This 

paper presents the comparative study of parameters in the refrigeration system like refrigerating effect, work supplied to the 

compressor, coefficient of performance, degree of sub-cooling, pressure ratio required for the compression process, mass flow rate of 

the refrigerant and heat transfer rate of the condenser for wire-on-tube type of condenser and rectangular plate type of condenser of 

a domestic refrigerator. The main aim of the experiment was to increase the heat transfer rate of the condenser of a domestic 

refrigerator and for that, the geometry of condenser fins has been changed from circular to rectangular and optimum fin spacing has 

also been selected. Actually rectangular plates have been embedded in the existing wire-on-tube type of condenser by removing 

original circular fins (wires) on front side of condenser tubing and keeping the back circular fins (wires) as same. The need of 

increasing the heat transfer rate of the condenser is to improve the performance of a domestic refrigerator. Improving the 

performance of a domestic refrigerator means increasing the coefficient of performance (COP) and refrigerating effect but decreasing 

the work supplied to the compressor. The increase in the heat transfer rate of the condenser of a domestic refrigerator increases the 

degree of sub-cooling in the refrigeration cycle, decreases the pressure at the exit of a condenser and at the exit of a compressor and 

also decreases the pressure ratio required for the compression process in the compressor. This experimentation has used first wire on 

tube type of condenser and then rectangular plate type of condenser for the domestic refrigerator which was under study. In the 

performance analysis of a domestic refrigerator, the parameters in the refrigeration system like refrigerating effect, work supplied to 

the compressor, coefficient of performance, degree of sub-cooling, pressure ratio required for the compression process, mass flow rate 

of the refrigerant and heat transfer rate of the condenser have been calculated, studied and compared for natural and forced 

convection in both wire on tube type of condenser and rectangular plate type of condenser. For forced convection heat transfer study, 

a fan has been provided below the condenser. The results have showed that the COP of a refrigerator increases for rectangular plate 

type of condenser as compared to wire-on-tube type of condenser in both natural and forced convection heat transfer. The COP of a 

refrigerator decreases for forced convection heat transfer as compared to natural convection heat transfer in both wire-on-tube type 

of condenser and rectangular plate type of condenser. 

Keywords – Wire-On-Tube Type of Condenser, Rectangular Plate Type of Condenser, Compressor, Condenser, Evaporator, Capillary 

Tube, Coefficient of Performance, Degree of Sub-Cooling, Free Convection, Forced Convection, Refrigerating Effect. 

 

 

I. INTRODUCTION 

 

    Vapor Compression Refrigeration uses mechanical 

energy by repeating compression and expansion of coolant 

fluid to achieve cooling by Joule–Thomson effect. A 

majority of big refrigeration systems in use nowadays use 

the Vapor Compression Refrigeration (VCR) cycle. Our 

domestic refrigerator also uses VCR cycle. 

Stages of Refrigeration 

1) Evaporation: Low-pressure liquid refrigerant in 

the evaporator absorbs heat from its surrounding 
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environment, usually air, water or some other 

liquid and gets evaporated into gas. As such, the 

refrigerant is slightly superheated at the outlet of 

the evaporator. The evaporating liquid absorbs 

heat from the surroundings, thus performing the 

cooling or refrigeration duty for the surrounding 

air, water or other medium. This is where the 

refrigeration actually occurs. 

2) Compression: The superheated vapor from 

evaporator enters the compressor where its 

pressure is increased due to compression. The 

temperature also typically increases, since a part 

of the energy put into the compression process is 

transferred to the refrigerant. 

3) Condensation: The pressurized and superheated 

gas from compressor outlet is sent to a condenser. 

The initial part of the cooling process de-

superheats the gas before it is then turned back 

into liquid. The cooling for this process is usually 

accomplished by use of air or water (our 

refrigerator has air-cooled condenser). A further 

reduction in temperature happens in the pipe work 

and liquid receiver, so that the refrigerant liquid is 

sub-cooled as it enters the expansion device 

(capillary tube). This step is where the heat 

absorbed from process fluid at the evaporation 

stage and at compression stage is vented out to 

atmosphere. 

4) Expansion: The high-pressure sub-cooled liquid 

passes through the expansion device (capillary 

tube), which reduces its pressure as well as 

controls the flow into the evaporator. The process 

is repeated from now in cycle. 

 

    The VCR cycle can be well understood by referring fig.1 

where all its stages and components of refrigeration system 

are shown. 

 

Fig.1 Schematic diagram of VCR cycle 

Condenser of a domestic refrigerator is a heat exchanger 

where de-superheating, condensation (vapor to liquid 

phase) and sub-cooling of refrigerant occur. The condenser 

is an important device used in the high pressure side of a 

refrigeration system. Its function is to remove heat from the 

refrigerant passing through it. The heat which is to be 

removed from the refrigerant passing through the 

condenser comes from it was once absorbed by the 

refrigerant passing through the evaporator & the heat of 

compression. The heat contained in the refrigerant through 

condenser is removed first by transferring to the walls of 

the condenser tubes and then from the tubes to the 

condensing or cooling medium. The cooling medium may 

be air or water or a combination of two. But generally air 

cooled condenser is used. In air cooled condenser, the 

removal of heat occurs by the air. The heat transfer 

between condenser tubing and air can be of natural (free) or 

forced convection type. 

    The performance of the condenser can be improved by 

multiple techniques such as enhancements on inner pipe 

surface, changing the condenser tube geometry from round 

to flat shape and external fins [1]. The condenser with 

rectangular plate fin geometry has the advantage of having 

more heat transfer surface area available when compared to 

wire on tube type of condenser for the same condenser 

tubing dimensions (its cross sectional area and length). Due 

to increase in the heat transfer area, heat transfer rate also 

increases in rectangular plate type of condenser [2]. So in 

the experiment, change has been done in the geometry of 

fins from circular to rectangular. One other parameter also 

affects the heat transfer rate of the condenser and that 

parameter is fin spacing. The heat transfer rate of fins 

increases with increase in fin spacing but upto a certain 

point (an optimum point) after that heat transfer rate 

decreases [3], [4]. So optimum fin spacing has been kept in 

the experiment.  

    The increased rate of heat transfer from the condenser 

can allow for increasing the degree of sub-cooling in the 

refrigeration cycle. An increase in sub-cooling 

effectiveness reduces the compressors work input and 

increases the system refrigeration capacity. Also, an 

increase in the degree of sub-cooling, reduces the pressure 

ratio, and increases both the refrigerant mass flow rate and 

coefficient of performance (COP) of the system [5], [6].  

 

II. DESIGN OF THE EXPERIMENT 

 

 

 In the experiment, first air cooled wire-on-tube 

type of condenser and then air cooled rectangular 

plate type of condenser has been used for a 

domestic refrigerator which has been under study 
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and performance analysis study has been 

undertaken for both natural and forced convection 

heat transfer from the condensers.  
 The rectangular fins were in the form of 

rectangular plates with 1.06 mm thickness. 

Rectangular plates were embedded in the existing 

wire-on-tube type of condenser by removing 

original circular fins (wires) on front side of 

condenser tubing and keeping the back circular 

fins (wires) as same. 

 For forced convection performance analysis of a 

domestic refrigerator, fan was provided below the 

condenser in such a way that the air flow direction 

from bottom to top of the condenser.  

 The domestic refrigerator under study had mild 

steel (MS) condenser tubing and fins. There was 

no change in the dimensions of the condenser 

tubing but the change was only in the geometry of 

fins and fin spacing. 

 The performance analysis of a domestic 

refrigerator has included comparative study 

between wire-on-tube type of condenser and 

rectangular plate type of condenser. The 

parameters of a refrigeration system like 

refrigerating effect, work supplied to the 

compressor, coefficient of performance, degree of 

sub-cooling, pressure ratio required for the 

compression process, mass flow rate of the 

refrigerant and heat transfer rate of condenser 

have been calculated for natural and forced 

convection heat transfer from both wire-on-tube 

type of condenser and rectangular plate type of 

condenser. 

 There were total 3 thermocouples with their 

temperature indicators and 3 pressure gauges 

installed in the refrigeration system to measure 

temperatures and pressures respectively at 

different points in the refrigeration cycle of a 

domestic refrigerator. 

 Two thermocouples one at inlet of compressor and 

other at the exit of condenser and the third one 

inside the ice box (chiller compartment) to 

measure maximum cooling temperature of the 

refrigeration cycle. 

 Two pressure gauges one at inlet of compressor 

and other at exit of compressor and the third one 

at the exit of the condenser. 

Components Specifications 

1) Refrigerator: Model Series –  S192  

Model Capacity –  190 L 

2) Compressor: Model –  S53CZ 

Power –  1/6 HP = 124.283 W = 0.124 kW 

220 – 240 V ~ 50 Hz  (1 PH) 

3) Fan: Type –  DC Fan Chargeable 

Power –  12 W = 0.012 kW  

4) Thermocouple: Digital Thermometer ST- 1A 

5) Pressure Gauges: Bourdon Tube Pressure Gauge 

6) Condenser: 

D = 4.5 mm (outer diameter of condenser tubing) 

di = 3 mm (inner diameter of condenser tubing) 

L = 8.128 m (length of condenser tubing) 

7) Fins:  

Circular Fin (Wire) 

 

d = 1.5 mm (diameter of fins) 

lw = 540 mm = 54 cm ( length of fins) 

Spacing between the fins = 5.5 mm (average)  

 

Rectangular Plate Type Fin 

  

lr = 540 mm = 54 cm [length of rectangular plate 

(equal to length of wire , lr = lw ) ] 

w = 8 mm (width of rectangular plate) 

t = 1.06 mm (thickness of rectangular plate) 

Spacing between rectangular plates (fins) = 9 mm 

 

 

Fig.2 Domestic refrigerator with wire-on-tube type of condenser 

 

Fig.3 DC fan for forced convection study (12 W) 
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Fig.4 Domestic refrigerator with rectangular plate type of condenser  

 

 

III. OBSERVATIONS 

 

A. Domestic Refrigerator with Wire-On-Tube type of 

Condenser 

 

1) Natural Convection Heat Transfer from the 

Condenser: 

 

TABLE I 

TEMPERATURES AND PRESSURES IN THE REFRIGERATION 

CYCLE FOR WIRE-ON-TUBE TYPE OF CONDENSER WITH 

NATURAL CONVECTION HEAT TRANSFER 

 

 

 

 

 

2) Forced Convection Heat Transfer from the 

Condenser: 

TABLE II 

TEMPERATURES AND PRESSURES IN THE REFRIGERATION 

CYCLE FOR WIRE-ON-TUBE TYPE OF CONDENSER WITH 

FORCED CONVECTION HEAT TRANSFER 

 

 

 

 

 

 

B. Domestic Refrigerator with Rectangular Plate 

Type of Condenser 

 

1) Natural Convection Heat Transfer from the 

Condenser: 

TABLE III 

TEMPERATURES AND PRESSURES IN THE REFRIGERATION 

CYCLE FOR RECTANGULAR PLATE TYPE OF CONDENSER WITH 

NATURAL CONVECTION HEAT TRANSFER 

 

 

 

 

 

 

2) Forced Convection Heat Transfer from the 

Condenser: 

 
TABLE IV 

TEMPERATURES AND PRESSURES IN THE REFRIGERATION 

CYCLE FOR RECTANGULAR PLATE TYPE OF CONDENSER WITH 

FORCED CONVECTION HEAT TRANSFER 

 

 

 

 

 

 

Wire-On-Tube Type of Condenser 

Natural Convection 

Temperature (0C) Pressure (Bar) 

T1 27.2 = 27 P1 1.56 

 

T5  

 

42.5 

P2 12.4 

P5 11.8 

Temp. Recorded Inside Ice Box 

(Chiller Box) = -10.5 0C 

Wire-On-Tube Type of Condenser 

Forced Convection 

Temperature (0C) Pressure (Bar) 

T1 25 P1 1.50 

 

T5 

 

40 

P2 12 

P5 11.3 

Temp. Recorded Inside Ice Box (Chiller Box) 

= -14 0C 

Rectangular Plate Type of Condenser 

Natural Convection 

Temperature (0C) Pressure (Bar) 

T1 22.4 = 22 P1 1.4 

 

T5  

 

36.9 = 37 

P2 11 

P5 10.2 

Temp. Recorded Inside Ice Box (Chiller 

Box) = -14.5 0C 

Rectangular Plate Type of Condenser 

Forced Convection 

Temperature (0C) Pressure (Bar) 

T1 20.2 P1 1.38 

 

T5 

 

33 

P2 10.1 

P5 9.5 

Temp. Recorded Inside Ice Box (Chiller 

Box) = -17.5 0C 

575

INTERNATIONAL JOURNAL OF INFORMATION AND COMPUTING SCIENCE

Volume 6, Issue 4, April 2019

ISSN NO: 0972-1347

http://ijics.com



 

Fig.5 T-s diagram of actual VCR cycle 

 

Fig. 6 p-h diagram of actual VCR cycle 

 

Where, 

T1 = Temp. of Refrigerant at Inlet of Compressor (or Exit 

of Evaporator) 

T2 = Temp. of Refrigerant at Exit of Compressor (or Inlet 

of Condenser ) 

T5 = Temp. of Refrigerant at Exit of Condenser (or Inlet of 

Capillary Tube) 

P1 = Pressure of Refrigerant at Inlet of Compressor (or Exit 

of Evaporator) 

P2 = Pressure of Refrigerant at Exit of Compressor (or Inlet 

of Condenser ) 

P5 = Pressure of Refrigerant at Exit of Condenser (or Inlet 

of Capillary Tube) 

(P1 = Evaporator Pressure) 

(P2 = P5 = Condenser Pressure) 

 

 

Fig.7 Temp. T1 in wire-on-tube type of condenser (natural convection) 

 

Fig.8 Temp. T5 in wire-on-tube type of condenser (natural convection) 

 

 

Fig.9 Temp. reached inside icebox (wire-on-tube type of condenser – 

natural convection) 

 

 

Fig.10 Pressures P1, P2 and P5 in wire-on-tube type of condenser (natural 

convection) 

 

Fig.11 Temp. T1 in rectangular plate type of condenser (natural 

convection) 

 

 

Fig.12 Temp. T5 in rectangular plate type of condenser (natural 

convection) 
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Fig.13 Temp. reached  inside icebox (rectangular plate type of condenser 

– natural convection) 

 

 

 

Fig.14 Pressures P1, P2 and P5 in rectangular plate type of condenser 

(natural convection) 

 

 

IV. CALCULATIONS 

 

    We have adopted following methodology to do 

calculations and to find out the required values of 

parameters of refrigeration system for doing performance 

analysis of a domestic refrigerator: 

 

 P1, P2, P5,T1 and T5 (known values)  

Noting down above values from pressure gauges 

and thermocouples. 

 

 Taking average pressure for Condenser Pressure 

P sat. condenser = (P2 + P5) / 2 , T2 = ? (unknown) 

 

P sat. condenser = P3 = P4 

P sat. evaporator = P1 = P6 = P7 

 

T3 = T4 = T sat. condenser  and 

T6 = T7 = T sat. evaporator                  

 

 We have to find out the enthalpies (h), entropies 

(s) and specific heat of liquid (Cpl) and vapor (Cpv) 

by referring temperature (T) and pressure (P) 

values of Refrigerant R-134a at Refrigerant Table. 

Looking for, 

hf , hg , sf ,  sg and Cpv  

    at P sat. evaporator or T sat. evaporator                  

and 

hf , hg , sf ,  sg ,Cpl and Cpv  

    at P sat. condenser or T sat. condenser 

 

 Calculating, 

s1 = s7 + Cpv x ln (T1/T7)     [kJ/kg K] 

        Since s1 = s2 

 

s2 = s3 + Cpv x ln (T2/T3) 

(s2 - s3) /Cpv = ln (T2/T3) 

T2 = T3 x e
(S2 - S3) / Cpv

     [K] 
 

h1 = h7 + Cpv (T1 – T7)     [kJ/kg] 

h2 = h3 + Cpv (T2 – T3) 

h5 = h4 – Cpl (T4 –T5)   

        Since h5 = h6 

Cpl and Cpv     [kJ/kg K] 

 

RE = h1 – h6     [kJ/kg] 

 

WD comp = h2 – h1   [kJ/kg] 

 

COP = RE / WD comp      (Natural Convection) 

 

COP = [ṁ x RE] / [ṁ x WD comp + P fan ] (Forced 

Convection)  

 

ṁ = P comp / WD comp   [kg/sec] 

Where, P comp = Power of Compressor [kW = 

kJ/sec] 

 

Degree of sub-cooling = T4 – T5             (
0
C) 

 

PR = P2 / P1  

 

Q condenser = ṁ x (h2 – h5)    [kW] 

 

 

 

 

 

V. RESULTS AND DISCUSSIONS 

 

 

 

A. Domestic Refrigerator  with Wire-On-Tube  Type 

of Condenser 
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TABLE V 

PARAMETERS OF A DOMESTIC REFRIGERATOR WITH WIRE-

ON-TUBE TYPE OF CONDENSER FOR NATURAL AND FORCED 

CONVECTION HEAT TRANSFER 

 

 

Parameters Natural 

Convection 

Forced Convection 

COP 3.19 2.99 = 3 

RE 164.37 kJ/kg 166.76 kJ/kg 

WD comp 51.54 kJ/kg 50.81 kJ/kg 

Degree of Sub-

cooling 

4.5 0C 5 0C 

Pressure Ratio 

(PR) for 

Compression 

Process 

7.70 7.69 

Heat Transfer Rate 

of Condenser 

(Q condenser) 

519.45 W 531 W 

Mass Flow Rate of 

Refrigerant (ṁ) 

2.4059 x 10-3 

kg/sec 

2.4405 x 10-3 kg/sec 

 

 

 

 % increase in ṁ 

= [(2.4405 x 10
-3

 – 2.4059 x 10
-3

)  x 100 ] / 2.4059 

x 10
-3 

=1.43 % 

Mass flow rate of the refrigerant (ṁ) increases by 

1.43 % in forced convection heat transfer from the 

condenser as compared to natural convection heat 

transfer from the condenser in a domestic 

refrigerator. 

 % increase in RE 

= [(166.76 – 164.37) x 100] / 164.37 

= 1.45 % 

Refrigerating effect (RE) increases by 1.45 % in 

forced convection heat transfer from the 

condenser as compared to natural convection heat 

transfer from the condenser in a domestic 

refrigerator. 

 % decrease in COP 

= [(3.19 – 3) x 100] / 3.19 

= 5.95 = 6 % 

Coefficient of performance of a refrigerator (COP) 

decreases by 6 % in forced convection heat 

transfer from the condenser as compared to 

natural convection heat transfer from the 

condenser. 

 % increase in Q condenser 

= [(531 – 519.45) x 100] / 519.45 

= 2.22 % 

Heat transfer rate of wire-on-tube type of 

condenser with forced convection increases by 

2.22 % as compared to heat transfer rate of wire-

on-tube type of condenser with natural convection 

in a domestic refrigerator. 

 

 
 

Fig. 15 Chart showing the heat transfer from wire-on-tube type of 

condenser 

 

 
 

Fig. 16 Chart showing the COP of a domestic refrigerator with wire-on-

tube type of condenser for natural and forced convection 

 

 
 

Fig.17 Chart showing the refrigerating effect in a domestic refrigerator 

with wire-on-tube type of condenser for natural and forced convection. 
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B. Domestic Refrigerator with Rectangular Plate 

Type of Condenser 

 
TABLE VI 

PARAMETERS OF A DOMESTIC REFRIGERATOR WITH 

RECTANGULAR PLATE TYPE OF CONDENSER FOR NATURAL 
AND FORCED CONVECTION HEAT TRANSFER 

 

 

Parameters Natural 

Convection 

Forced 

Convection 

COP 3.40 3.26 

RE 168.58  kJ/kg 173.1 kJ/kg 

WD comp 49.641  kJ/kg 48.44 kJ/kg 

Degree of Sub-

cooling 

5 0C 6 0C 

Pressure Ratio 

(PR) for 

Compression 

Process 

7.57  7.07  

Heat Transfer 

Rate of 

Condenser 

(Q condenser) 

545.10 W 567.09 W 

Mass Flow Rate 

of Refrigerant 

(ṁ) 

2.4979 x 10-3 

kg/sec 

2.5598 x 10-3 

kg/sec 

 

 % increase in ṁ  

= [(2.5598 x 10
-3

 – 2.4979 x 10
-3

)  x 100 ] / 2.4979 

x 10
-3 

= 2.48 % 

Mass flow rate of the refrigerant (ṁ) increases by 

2.48 % in forced convection heat transfer from the 

condenser as compared to natural convection heat 

transfer from the condenser. 

 

 % increase in RE  

= [(173.1 – 168.58) x 100] / 168.58 

= 2.68 %  

Refrigerating effect (RE) increases by 2.68 % in 

forced convection heat transfer from the 

condenser as compared to natural convection heat 

transfer from the condenser. 

 

 % decrease in COP 

= [(3.4 – 3.26) x 100] / 3.4 

= 4.1176 % = 4.12 % 

Coefficient of performance of a refrigerator (COP) 

decreases by 4.12 % in forced convection heat 

transfer from the condenser as compared to 

natural convection heat transfer from the 

condenser. 

 

 % increase in Q condenser  

= [(567.09 – 545.10) x 100] / 545.10 

= 4.03 %  

Heat transfer rate of the condenser with forced 

convection increases by 4.03 % as compared to 

heat transfer rate of the condenser with natural 

convection. 

 

 

 

 

Fig.18 Chart showing heat transfer from rectangular plate type of 

condenser 

 

Fig.19 Chart showing COP of a domestic refrigerator with rectangular 

plate type of condenser for natural and forced convection 

 

Fig. 20 Chart showing the refrigerating effect in a domestic refrigerator 

with rectangular plate type of condenser for natural and forced convection 
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C. Comparison of Parameters of  Refrigeration 

System for Wire-On-Tube Type of Condenser and 

Rectangular Plate Type of Condenser (Natural 

Convection) 

 

 % increase in ṁ  

= [(2.4979 x 10
-3

 – 2.4059 x 10
-3

)  x 100 ] / 2.4059 

x 10
-3 

= 3.82 % 

Mass flow rate of the refrigerant (ṁ) increases by 

3.82 % in rectangular plate type of condenser as 

compared to wire-on-tube type of condenser for 

natural convection. 

 

 % increase in RE  

= [(168.58 – 164.37) x 100] / 164.37 

= 2.56 %  

Refrigerating effect (RE) increases by 2.56 % in 

rectangular plate type of condenser as compared 

to wire-on-tube type of condenser for natural 

convection. 

   

 % increase in COP 

= [(3.4 – 3.19) x 100] / 3.19 

= 6.58 % 

Coefficient of performance of a refrigerator (COP) 

increases by 6.58 % in rectangular plate type of 

condenser as compared to wire-on-tube type of 

condenser for natural convection. 

   

 % increase in Q condenser  

= [(545.10 – 519.457) x 100] / 519.457 

= 5 %  

Heat transfer rate of rectangular plate type of 

condenser increases by 5 % as compared heat 

transfer rate of wire-on-tube type of condenser in 

natural convection. 

 

 

VI. CONCLUSIONS 

 

 Coefficient of performance (COP) of a domestic 

refrigerator increases in rectangular plate type of 

condenser as compared to wire-on-tube type of 

condenser for both natural and forced convection 

heat transfer. 

 COP of a refrigerator decreases in forced 

convection as compared to natural convection for 

both types of condensers (wire-on-tube type of 

condenser and rectangular plate type of 

condenser.) 

 Refrigerating effect (RE) increases in the domestic 

refrigerator with rectangular plate type of 

condenser as compared to the domestic 

refrigerator with wire-on-tube type of condenser 

for both natural and forced convection heat 

transfer. 

 Work done by the compressor (WD comp) 

decreases in rectangular plate type of condenser as 

compared to wire-on-tube type of condenser for 

both natural and forced convection heat transfer. 

 Heat transfer rate of rectangular plate type of 

condenser is more than heat transfer rate of wire-

on-tube type of condenser for both natural and 

forced convection. 

 Mass flow rate of the refrigerant (ṁ) in the 

refrigeration cycle increases for rectangular plate 

type of condenser as compared to wire-on-tube 

type of condenser for both natural and forced 

convection. 

 Degree of sub-cooling in the refrigeration cycle 

increases for rectangular plate type of condenser 

as compared to wire-on-tube type of condenser for 

both natural and forced convection. 

 Pressure ratio (PR) decreases in rectangular plate 

type of condenser as compared to wire-on-tube 

type of condenser for both natural and forced 

convection.  
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