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Abstract 

Numerical simulation of window air conditioner is 

carried out in MATLAB to study its performance 

characteristics. Also, a window air conditioner test rig 

is fabricated for conduct experiments on it. The results 

obtained in MATLAB are analyzed and compared with 

that of the experimental results. Analysis of the window 

air conditioneris done by changing the size (i.e. length) 

of the capillary tube andthe tonnage capacity of AC is 

also verified. 

Keywords- Numerical Simulation, Performance 

Analysis, Evaporator Temperature, Condenser 

Temperature, Refrigerant. 

 

I. Introduction 

The Air conditioner Test Rig works on Vapour 

Compression Refrigeration cycle using HCFC (R-22) 

as a refrigerant.Vapour Compression Refrigeration 

System is an improved type of air refrigerat ion system 

using a liquid refrigerant as medium. Fig 1 shows the 

schematic d iagram of vapour compression refrigeration 

system. The system comprises of four components: 

compressor, evaporator, condenser and expansion 

device.The compressor sucks in cold refrigerant vapour 

from the evaporator. The vapour is compressed to 

higher pressure and consequently to higher temperature 

in the compressor. The high  pressure and high 

temperature refrigerant then enters the condenser, 

where its latent heat is removed by rejecting the heat to 

the air passing over the forced convection condenser. In 

the expansion device, (Capillary tube) the refrigerant is 

throttled to a lower pressure and as a result, the 

temperature of the refrigerant also gets reduced. The 

low temperature vapour flows through the forced 

convection air cooled evaporator.  The refrigerant p icks 

up the heat from air passing over it, gains heat, 

evaporates and enters the compressor. This makes the 

surrounding cooler. 

 
II. Literature Review 

 

Systematic review of the topic and successful 

investigation of performance of window Air 

conditioner, by experimentation on a test rig  has been 

carried out.Baskaranet al. [1] performed an analysis on 

a vapour compression refrigeration system withvarious 

refrigerant mixtures of R152a, R170, R600a and R290. 

From their results, the alternativerefrigerants except 

R431a (which is a combination of R152a, R290 at 29% 

and 71% respectively)have a slightly higher 

performance than R134a at the condensation 

temperature at 50˚C andevaporator temperature  ranging 

between -30˚C and 10˚C.Dhumal et al. [2] investigated 

the influence of various expansion devices on the 

performance of arefrigerator using R407C as the 

refrigerant. He found out that capillary  tube with 

diameter of 0.50”shows 90% increase in compressor 

work with only 50% increase in refrigeration 

effect.Andrew Alleye [3] has successfully fabricated an 

experimental setup with  a dual evaporator andR134a as 

refrigerant. Further, he mathemat ically modeled the 

system using MATLAB/SimulinkThermosys 

lib rary.SharadChoudhary [4] was successful in 

simulating a VCR model and was able  to evaluate the 

Figure 1: Vapourcompression refrigeration system 
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massflow rate (m), refrigeration effect (Q), compressor 

work (Wc), volumetric efficiency and coefficientof 

performance (C.O.P) o f the whole refrigerat ion system 

based on specific input parameters andvarying other 

input parameters. 

 

III. Numerical Analysis 

The system of window air conditioner is coded and 

simulated on Matlab platform to study the influence of 

system parameters with the varying evaporator 

temperature. Following assumptions are made while  

modeling the window air conditioner, 

1. The air conditioner is working in summer 

condition. 

2. The air conditioner is operating at atmospheric 

pressure. 

3. Temperature  of 25˚C and relative humidity 

50% is considered for comfort condition. 

4. Clearance rat ioof compressor is considered as 

5%. 

5. Losses are neglected in the system. 

Following thermodynamics relations are used: 

1) Refrigeration Effect 

RE = h1 – h4 

2) Work done by the compressor, 

WD = h2 – h1 

3) Coefficient of Performance of the system 

COP = (h1 – h4) / (h2 – h1) 

4) Volumetric  efficiency of the compressor 

η𝑣 = 1 + k – [k *(v1/v2)] 

 
Figure 2: Pressure-Enthalpy diagram 

Where, 

h1= enthalpy of refrigerant at the outlet of evaporator 

h2= enthalpy of refrigerant at the inlet of condenser 

h3= enthalpy of refrigerant at the outlet of condenser 

h4= enthalpy of refrigerant at the inlet of evaporator 

v1= specific volume of refrigerant at inlet of 

compressor 

v2= specific vo lume of refrigerant at outlet of 

compressor 

k= clearance ratio of the compressor 

 

The program is coded using MATLAB software. Based 

on mathematical calcu lations, graphs are generated in 

the graphical user interface. It displays the performance 

characteristic curves for refrigeration effect, work done 

by the compressor, volumetric efficiency of the 

compressor and coefficient of performance against 

evaporator temperature as shown in Fig 2. 

 

IV. Experimental Setup 

The setup of window air conditioner test rig, of 1 TR 

capacity, is designed and fabricated to analyze the 

system by varying its set temperature.Fig 3 shows 

thefront panel of the test rig  and Fig  4 shows the line 

diagram of instrumentation. The window AC is fixed in 

a rig id frame, with its cover cut half open to reveal the 

internal parts ofthe AC.Dial type pressure gauges are 

fitted multipoint dig ital temperature indicator is 

incorporated to measure pressure and temperature 

respectively.For recording compressor energy 

consumption, an energy meteris used; a sling 

Psychrometeris provided fo r measurement of in let and 

outlet drybulb and wet bulb temperature  of air. With 

the help of an anemometer, velocity of air 

andconsequently the flow rate are determined. 

 

 
Figure 3: Front Panel Test Rig 
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Figure 4: Line diagram of instrumentation 

V. Experimentation 

Performance trials are conducted on the test rig to 

evaluate the following performance parameters of AC 

1. To calculate the refrigerat ion effect by 

enthalpy difference method.  

2. To determine actual & theoretical C. O. P of 

the system. 

3. To verify the tonnage capacity of AC. 

4. To plot and analyze the results. 

 

VI. Observations: 

Based on the experiments conducted on window air 

conditioner test rigfollowing observations are noted. 

Table 1 shows the propertiesof air at inlet and outlet of 

AC. Based on this data, the tonnage capacity of is 

calculated. 

 

Table 1: Inlet and outlet air condition   

Inlet 

Condition 

Outlet 

condition 

Time 

for 10 

cycles 

(sec) 

Velocity 

(m/s) DBT 

(ᵒC) 

WBT 

(ᵒC) 

DBT 

(ᵒC) 

WBT 

(ᵒC) 

26 19 25 17 10.6 3.9 

25 18 24 15 9.2 3.6 

24 19 23 16 9.2 4 

 

Table 2 shows the properties of refrigerant at four 

different point’s  viz. before compression, after 

compression, before evaporation and after 

evaporation.Based on this data, refrigeration effect, 

work done, coefficient of performance and volumetric  

efficiency for the system is calcu lated. 

 

Table 2: Refrigerant Conditions 

Refrigerant Temperature  (ᵒC) Suction 

Pressure 

(kg/cm
2
) 

Discharge 

Pressure 

(kg/cm
2
) T1 T2 T3 T4 

13 33 34 26 4.2 16.5 

14 38 38 26 5.2 19 

15 40 39 26 5.2 19.5 

 

VII. Sample Calculation 

For second reading of refrigerant conditions, 

Enthalpy at the outlet of evaporator,  

h1= 423kJ/kg  

Enthalpy at the inlet of condenser,  

h2= 461.5kJ/kg  

Enthalpy at the outlet of condenser,  

h3= 248kJ/kg  

Enthalpy at the inlet of evaporator,  

h4= 216.5kJ/kg  

Refrigerat ion effect, RE= h1-h4 

= 206.5kJ/kg  

Work done by compressor, WD= h2-h1 

= 38.5kJ/kg  

Coefficient of performance, COP= RE/WD 

= 5.3636 

Specific volume at inlet o f compressor,  

v1= 0.051m
3
/kg  

Specific volume at outlet of compressor,  

v2= 0.012m
3
/kg  

Volumetric efficiency of compressor 

= 1+0.05-0.05*(v1/v2) 

= 83.75% 

From pyschrometry chart, 

Relative Humid ity at inlet (DBT 25, W BT 18) 

=50.6976% 

Relative Humid ity at outlet (DBT 24, W BT 15) = 

37.4225% 
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VIII. Results 

Based on the observations  obtained, refrigeration 

effect, work done,volumetric efficiency, coefficient of 

performance and relative humid ity is calcu lated. 

Graphs are plotted for the same against evaporator 

temperature. Graph of relative humidity  is p lotted 

against the DBT of outlet air. Following three cases are 

considered: 

 

Case 1:Performance parameters using the inlet and 

outlet air conditions 

Table 3 shows the relative humidity of inlet and outlet 

air, calcu lated using the data in Table 1.  

Table 3: Relative humidity of inlet and outlet air 

Relative humid ity at inlet 

(%) 

Relative humid ity at 

outlet (%) 

52 44 

50 38 

61 35 

Fig 5 shows the change in relative humidity with 

respect to DBT of outlet air. 

 

 
 

Figure 5: Relative Humidity V/s DBT of outlet air 

Case 2:Performance parameters using the 

refrigerant conditions: 

Table 4 shows the performance parameters of the 

system, whichare calculated using refrigerant 

conditions (Table 2). 

Table 4: Performance parameters based on condition of 

refrigerant  

Work 

Done 

Refrigerat ion 

effect 
COP 

volumetric 

Efficiency  

39 204 5.230769 0.8815 

38.5 206.5 5.363636 0.8375 

38.5 210.5 5.467532 0.8182 

With reference to above table, graphs are plotted to 

analyze the variation of refrigeration effect (Fig 

6),work done (Fig 7),COP (Fig  8)and volumetric 

efficiency (fig 9) with respect to evaporator 

temperature.  

 
Figure 6: Refrigeration effect V/s Evaporator Temperature 

 
Figure 7: Work done V/s Evaporator Temperature 

 
Figure 8: COP V/s Evaporator Temperature 
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Figure9: Volumetric Efficiency V/s Evaporator Temperature 

Case 3: Performance parameters using numerical 

simulation in Matlab 

Table 5 shows the performance parameters of the 

system, which are calcu lated using ideal vapour 

compression cycle, for a condenser temperature of 

45
ᵒ
C. 

Table 5: Performance parameters calculated using MATLAB. 

Evaporator 

Temperatur

e (°C) 

Refrigera

tion 

effect 

(kJ/kg) 

Work 

Done 

(kJ/kg) 

COP 

Relative 

Humid it

y (%) 

13 153.408 20.720 7.403 93.538 

14 153.723 19.967 7.698 93.852 

15 154.034 19.219 8.014 94.155 

With reference to above table, graphs are plotted to 

analyze the variation of refrigerat ion effect (fig 10), 

work done (fig 11) and COP (fig 12)with respect to 

evaporator temperature. Relative humid ity (Fig 13) is 

calculated using the condition of air mentioned in 

Table 1. 

 
Figure 10: Refrigeration effect V/s Evaporator Temperature 

 
Figure 11: Work done V/s Evaporator Temperature 

 
Figure 12: COP V/s Evaporator Temperature 

 

Figure 13: Relative Humidity V/s DBT of outlet air 

Based on above three cases it is observed that as 

evaporator temperature increases,   

1) Refrigeration effect, coefficient of performance and 

volumetric efficiency of compressor increases 

2) Work done by compressor decreases 

Also the relative humidity of the air decreases 

gradually. 

 

Verification of air conditioner capacity 

 

Following readings were noted when the air 

conditioner was under stable conditions. 
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DBT of air at inlet = 29˚C  

WBT of air at in let= 23˚C 

DBT of air at outlet = 17˚C  

WBT of air at outlet= 16˚C 

Velocity of air = 4m/s 

Enthalpy of air at the inlet, h1= 67.9961 kJ/kg  

Enthalpy of air at the outlet, h2= 44.8233 kJ/Kg  

Mass flow rate = 0.1512 kg/sec 

Refrigerat ion effect = h1-h2 = 3.503 KW  

Tonnage capacity, TR = RE/3.52 = 0.9953 TR 

 

Capacity of the AC based on the observed readings is 

0.9953 TR and the rated capacity is 1 TR. 

 

IX. Conclusions 

The working of window air conditioner is studied. The 

nature of the graphs of performance of the system, 

obtained by experimentation is same as that, obtained 

by numerical simulation in MATLAB.The capacity of 

air conditioner is also verified. Further, the 

experimental results are within the acceptable limit. 
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