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Abstract 

The foremost objective of this paper is to perform energy and exergy analysis for different 

psychrometric processes in an air conditioning system.The different processes to be taken into 

consideration are- Sensible Heating, Sensible Cooling, Humidification, Heating and 

Humidification & Cooling and Humidification. Energy analysis performed keeps track of heat 

and work transfers but doesn't indicate the source and magnitude of irreversible entropy creation. 

It helps us to direct the available resources efficiently and effectively. Exergy analysis was done 

both theoretically and by using REFPROP software. The exergy loss and efficiency are 

calculated at different ambient conditions i.e. at 22°C and 24°C with four different flow rates of 

air i.e.(0.8, 1.1, 1.3 and 1.6 m/s).The aid of exergy in evaluating various air conditioning 

parameters can be highly profitable, which results in various technical advantages like 

improvement in efficiency and reduction in emissions which leads to environmental advantages.  

Keywords:Sensible Heating, Sensible Cooling, Humidification, Heating and Humidification and 

Cooling and Humidification. 

1. Introduction

Today, modern air conditioning systems can perform a plethora of functions like heat, cool, 

dehumidify, humidify, clean and even deodorize the air. The thermodynamic aspects of air 

conditioners need to be comprehended thoroughly as AC's already accounts for about a fifth of 

the total electricity used in buildings around the world or about 10% of all global electricity 

consumption today. According to an IEA report, the global energy demand for AC's is expected 

to triple by 2050, which entails innovating new technology to reduce CFC's emissions in tandem 

with increment of COP. To enhance the COP and simultaneously reduce the energyconsumption, 

painstaking experiments are conducted so as to determine that which psychrometric process is 
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expedient under different ambient conditions.Evaporative cooling is famous in hot and dry 

climate found mostly in India and Australia. 75 % of power can be saved as compared to 

mechanical refrigeration machine. Indirect evaporative cooling can achieve comfort conditions 

where WBT is less than 25 °C. The comfort achieved by indirect evaporative cooling is far better 

than as that of achieved by Direct Evaporative cooling [1].Comparing the performance 

characteristics of refrigeration systems employing three types of condensers, namely the air-

cooled, the water-cooled and the evaporative condensers [2]. Worked on Vapor Compression 

Refrigeration based air conditioner with evaporative cooled air condenser. The power 

consumption of Vapor Compression Refrigerationbased AC increases remarkably in dry, humid 

and hot climate in the range of 45°C onwards. The two methods of evaporative cooling are 

mainly recommended so as to produce cool air for condenser to reject heat. In direct method, 

water is used to spray over condenser coil while in indirect method water is sprayed on 

evaporative cooling pads. While working on indirect method for 1.5 TR real time air conditioner 

and it was found that power consumption for Evaporatively Cooled condenser assisted AC is 

reduced by 16% and COP of system was increased by 55%.[3]. An experimental investigation 

was performed for cooling performance of direct and indirect cooler for 100% outdoor air 

system. Here energy performance of system was evaluated and compared with VRV 

refrigeration system. The direct-indirect operation in two modes depending upon seasonal 

variation. It was found that 51% of energy saving as compared to variable refrigerant volume 

system was obtained during intermediate season and36% more energy is required in cooling 

season [4].The performance of Maisotsenko cycle cooler for Greek climate was evaluated. The 

main aim was to produce dry and cool air with minimum power consumption. The parameters 

considered are saturation temperature, specific water consumption and cooling capacity. It was 

found that cooling capacity is 5.6 kW and saturation efficiency 97% to 115% and specific water 

consumption was 8.7 litres per hour.The operational cost of vapour compression cycle is 2.5 

times higher than the proposed system [5].Energy and exergy analysis of vapor compression 

refrigeration system with R12, R22 and R134Awas also performed [6].Theexergy losses can be 

determined by second law based analysis [7,8]. Withthe advancement and technological 

developments in the field of air conditioning new methods aredeveloped to enhance the COP of 

the systems [9-10].A lot of research work had been conducted numericallyand analytically to 

improve the performance of air conditioning systems[11-12]. 
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Alahmer [13] investigated the performance of direct evaporative cooling with desiccant 

dehumidification for vehicles as a substitute for conventional air conditioner. It was emphasized 

that vapour compression-based air conditioner consumes 10% of engine power increasing fuel 

consumption and creating higher pollution. When effectiveness of evaporative cooler increases, 

temperature of air reduces.Hussainet al. [14] investigated that the coefficient of performance 

(COP) of vapor compression refrigeration systems with conventional air-cooled condensers is a 

required problem especially in areas having adverse ambient conditions. An effective way of 

tackling this problem is by employing an evaporatively cooled condenser. Hussain et al. 

[15]performed the analysis of exergy of an air conditioner having condenser of air-cooled type. 

The exergy efficiency is also calculated at different ambient conditions, i.e. (30, 32, 34, 36 and 

38 °C) with different volume flow rates of air, i.e. (0.08, 0.1, 0.12, 0.14 and 0.16 m3/s).The 

results showed that exergy loss is highest in the compressor. The order of exergy loss is (Exergy 

Destruction)compressor >(Exergy Destruction)condenser >(ExergyDestruction)evaporator > 

(ExergyDestruction)expansionvalve. In addition, the exergy efficiency of the system varies from 

31.10 to 34.52%. Using water and air as working fluidsevaporative cooling was analysed by 

Camargo et al. [16]. It consists in waterevaporation, through the passage of an air flow, thus 

decreasing the air temperature. Thissystem has a great potential to provide thermal comfort in 

places where air humidity is low,being, however, less efficient where air humidity is high. The 

process air can be pre-conditioned by using dehumidifiers. Halimic et al. [17] compared the 

refrigeration capacity and COP of R401A, R290 and R134A with those of R12 when used in a 

propriety vapour compression refrigeration unit initially designed to operate with R12. The 

results indicate that the performance of R134A is very similar to that of R12. 

 

In this research paper, the energy and exergy analysis for different psychrometric processes 

(sensible heating, sensible cooling, humidification, Heating & humidification and Cooling & 

humidification) in an Air conditioning system using air cooled condenser is performed. The 

exergy loss and efficiency are calculated at different ambient conditions with different flow rates 

of air. 
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2. Experimental Set-up 

2.1. Line Diagram 

 

 

 

 

 

 

 

 

 

 

 

 

 

1) Duct 2) Rota meter 3) Control Panel 4) Temperature and Energy Meter  

5) Encompassing coil 7) Compressor 8) Condenser9) Fan 10) Boiler 

Different components were left working for different processes at various temperatures and Air 

flow rates. Corresponding readings of temperature and pressure at different Air flow rates were 

taken. Using theoretical formulae, various properties like enthalpy, COP etc. were calculated and 

trends were discussed. Exergy analysis was done both theoretically and by using REFPROP 

software. 

2.2. Actual Setup 

 

 

 

 

 

 

 

 

FIG.1 Line diagram of Experimental setup  

FIG.2 Actual Setup 
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1. Duct 2. Boiler   3. Compressor 4.Condenser   5.Rotameter   6. Control Panel 

7. Temperature Indicator   8. Energy Meter 9. Encompassing evaporator coil. 

2.3 Measurement Equipment: 

S.No. Equipments Range/Specification Precision 

01 Temp. Sensor  RTD PT-100/3W /  

-50 to 400 Celsius  

±0.1Celsius 

02 Press. gauge  Discharge- 0 to 300psi 

Suction- 30 to 150psi 

±0.0375 

03 Voltage Meter 0-300V ±0.02V 

04 Ampere Meter 0-5A ±0.02A 

 

3. Experimental Data 

3.1. Sensible Heating :For sensible heating, only the heating coil is ON in the system. 

Temperature and pressure readings are taken at two ambient temperatures mentioned below 

(22°C, 24°C). Heating coil temperature is also recorded at different Air velocities (i.e. 0.8, 1.1, 

1.3 & 1.6 m/s). 

a)The following experimental data was obtained at T = 22°Cwhen a steady state condition was 

achieved. 

b) The following experimental data was obtained at T = 24°C when a steady state condition was 

achieved. 

Air 
Velocity(m/s) 

Inlet (°C ) Outlet (°C ) Humidity (%) Heating 
coil 
temp. 

(°C ) 

Specific 
humidity(g/Kg) 

DBT WBT DBT WBT Inlet Outlet 

0.8 22 19 37 25 60.6 26.5 37.7 0.0103 

1.1 22 19 44 27 56.3 20.4 37.8 0.0116 

1.3 22 18 44 39 54.3 18.2 36.4 0.0103 

1.6 22 19 39 32 34 17.5 35.6 0.007 
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3.2. Sensible Cooling 

For sensible cooling process, only Compressor is ON, Heating coil was off during this process. 

Corresponding readings of temperature and pressure are recorded at different air velocities. 

Temperature of Refrigerant is also recorded in this process at different air velocities and different 

ambient temperatures (22°C, 24°C).  

a) The following experimental data was obtained at T = 22°C when a steady state condition was 

achieved. 

 

Air 
Velocity(m/s) 

Comp. 

Pressure 

(psi) 

 Temp of refrigerant (°C)  

P1 P2 T1 T2 T3 T4 T6 

0.8 40 250 -14.2 45 27.4 -16.3 9.9 

1.1 68 280 -4.6 43.3 30 -6.1 6.6 

1.3 76 290 -2 45.4 30.3 -3.6 10 

1.6 80 290 0 46.6 29.6 -2 10 

 

 

 

 

 

 

Air 
Velocity(m/s) 

Inlet (°C ) Outlet (°C ) Humidity (%) Heating 
coil 

temp. 

(°C ) 

Specific 
humidity(g/Kg) DBT WBT DBT WBT Inlet Outlet 

0.8 24 18 44 40 47 9.8 40 0.0055 

1.1 24 18 45 41 47.5 10.6 37.3 0.0058 

1.3 24 17 46 42 47.7 13.1 32 0.0082 

1.6 24 17 47 44 46.8 32.2 33 0.021 
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Air DBT (°C) Air WBT (°C) Humidity (%) 

Inlet Outlet Inlet Outlet Inlet Outlet 

22 14 18 14 67.3 99.9 

22 8 18 7 66.6 99.9 

22 11 18 10 66.5 99.9 

22 13 18 13 63.5 99.9 

 

b) The following experimental data was obtained atT = 24°Cwhen a steady state condition was 

achieved. 

Air 
Velocity(m/s) 

Comp. 

Pressure 

(psi) 

 
Temp of refrigerant 

(°C) 
 

P1 P2 T1 T2 T3 T4 T6 

0.8 40 260 -15.8 50.6 28.3 -16.6 12 

1.1 60 280 -6.5 45.4 30.5 -9.1 5 

1.3 75 295 -2.8 45.4 31.3 -4.5 7.6 

1.6 85 300 0.4 47.8 31 -2 7.7 

 

Air DBT (°C) Air WBT (°C) Humidity (%) 

Inlet Outlet Inlet Outlet Inlet Outlet 

24 14 18 12.5 47 84.2 

24 15 17 13.5 47 92.7 

24 10 18 8 47.7 94.5 

24 10 18 8.5 46.7 97.8 
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3.3. Humidification 

For Humidification process, only boiler is ON. Readings of Temperatures and pressures have 

been recorded at different air velocities (i.e. 0.8, 1.1, 1.3 & 1.6 m/s) and different ambient 

temperatures (22°C, 24°C).  Pressure inside the boiler is also recorded by using pressure gauge.    

a)The following experimental data was obtained atT = 22°Cwhen a steady state condition was 

achieved. 

Air 
Velocity(m/s) 

Inlet (°C) Outlet (°C) Humidity (%) 

Pressure (psi) 

DBT WBT DBT WBT Inlet Outlet 

0.8 22 18 60 45 63.5 99.9 16 

1.1 22 19 56 45 65 99.9 18 

1.3 22 18 46 40 64 99.9 17 

1.6 22 18 44 40 62.5 99.9 15 

 

b) The following experimental data was obtained atT = 24°Cwhen a steady state condition was 

achieved. 

 

Air 
Velocity(m/s) 

Inlet (°C) Outlet (°C) Humidity (%) 
Pressure (psi) 

      

 DBT WBT DBT WBT Inlet Outlet  

0.8 24 18 57 49 55.5 99.9 13 

1.1 24 18 45 42 56 99.9 15 

1.3 24 18 35 34 56.8 99.9 11.5 

1.6 24 18 34 32 60 99.9 10 
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3.4. Heating and Humidification 

The readings in this section is taken by operating heater and boiler at the same time. In Heating 

and humidification process heating coil and boiler is ON. Corresponding readings of temperature 

and pressures have been taken at different air velocities (i.e. 0.8, 1.1, 1.3 & 1.6 m/s)and at 

different ambient temperatures (22°C, 24°C).   

a)The following experimental data was obtained atT = 24°Cwhen a steady state condition was 

achieved. 

 

3.5. Cooling and Humidification 

The readings in this section is taken by operating compressor and boiler at the same time. In 

cooling and humidification process compressor and boiler is ON. Corresponding readings of 

temperature and pressures have been taken at different air velocities (i.e. 0.8, 1.1, 1.3 & 1.6 

m/s)and at different ambient temperatures (22°C, 24°C).   

a)The following experimental data was obtained atT = 22°Cwhen a steady state condition was 

achieved. 

Air 
Velocity(m/s) 

Inlet (°C) Outlet (°C) Humidity (%) 

DBT WBT DBT WBT Inlet Outlet 

0.8 22 19 52 38 64.8 99.9 

1.1 22 19 40 35 63.2 99.9 

1.3 22 19 34 25 65.6 99.9 

1.6 22 19 30 27 64.3 99.9 

Air 
Velocity(m/s) 

Inlet (°C) Outlet (°C) Humidity (%) Steam 
Pressure 

(psi)       

 DBT WBT DBT WBT Inlet Outlet  

0.8 24 21.5 60 34 72 99.9 18 

1.1 24 21.5 55 32 71.7 99.9 19 

1.3 24 21.5 50 36 71.6 99.9 20 

1.6 24 21.5 48 37 71.4 99.9 22 
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Steam Pressure 
(psi) 

Temperature of refrigerant (°C) 

P1 (psi) P2 (psi)     

T1 T2 T3 T4 

12 -1.1 45.2 27.1 -10.2 40 250 

14 -1.6 44.8 27.6 -12.3 40 250 

13 2 49.4 30.2 1.9 80 300 

18 5 50 30 2.3 90 300 

b)The following experimental data was obtained atT = 24°Cwhen a steady state condition was 

achieved. 

 

 

 

Air Velocity(m/s) 
Inlet (°C ) Outlet (°C ) Humidity (%) 

DBT WBT DBT WBT Inlet Outlet 

0.8 24 21 45 39 67.1 99.9 

1.1 24 21 47 42 67.5 99.9 

1.3 24 21 38 35 68.7 99.9 

1.6 24 21 36 32 70.1 99.9 

Steam Pressure 
(psi) 

Temperature of refrigerant (°C ) 

P1 (psi) P2 (psi) 
T1 T2 T3 T4 

20 0.3 48.3 29.7 -11 100 330 

21 2.7 49.3 33.6 1.6 110 340 

22 3.4 48 32.8 3.8 90 330 

24 4.2 51.6 32.8 4.4 110 340 

Journal of University of Shanghai for Science and Technology ISSN: 1007-6735

Volume 22, Issue 10, October - 2020 Page-488



 

 

4.  Exergy Analysis 

4.1 Formulae used 

For each component, the exergy formulae are as follows: 

a) Compressor Exergy = (H2 - H1) - TO (S2 - S1) 

b) Condenser Exergy = (H3 - TOS3) - (H2 - TOS2) + QC (1-TO/TC) 

c) Expansion valve Exergy = TO (S4 - S3) 

d) Evaporator Exergy = (H4 - TOS4) - (H1 - TOS1) +QE (1-TO/TE) 

The net exergy destruction is the sum of exergy loss of the components i.e., 

 (EXD)TOTAL= (EXD)COMPRESSOR +(EXD)CONDENSER +(EXD)EXPANSION VALVE  

                      +(EXD)EVAPORATOR 

where, 

QC= Heat rejected by condenser 

QE= Heat absorbed by evaporator 

TC = Condenser temperature 

TE = Evaporator temperature 

TO= Ambient temperature 

S1= Entropy of refrigerant at inlet of compressor (kJ/kg K) 

S2= Entropy of refrigerant at outlet of compressor (kJ/kg K) 

S3= Entropy of refrigerant at outlet of condenser (kJ/kg K) 

S4 =Entropy of refrigerant at inlet of evaporator (kJ/kg K) 
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5. Results and Discussions 

5.1. Energy Analysis Results 

5.1.1. Sensible Heating  

a) Heating Coil Temperature 

 

 

 

  

  

  

  

  

  

 

Fig.3 shows the variation of heating coil temperature vs. Flow rate during sensible cooling 

process at flow rate 1, 2, 3 & 4 (i.e. 0.8, 1.1, 1.3, 1.6 m/s) 

As expected, the heating coil temperature decreases with increase in flow rate due to increasing 

cooling effect at both the temperatures. 

For both the set of temperatures the curves tend to intersect at flow rate 2 (i.e. 1.1 m/s) around 

37-38°C. This could be the ideal flow rate to maintain when applying heating process through a 

multitude of temperatures. 

b) Specific Humidity 

 

 

 

 

 

 

 

 

 

FIG.3 Heating Coil Temperature vs. Flow rate  

FIG.4. Shows variation of Specific humidity with flow rate. 
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The humidity keeps increasing as flow increases at higher temperature but doesn’t follow the 

same trend at lower temperature due to some external factors. 

Since the trend is more uniform in the case of T=24°C, it is the better condition for the heating 

case and gives more reliable results. 

5.1.2. Sensible Cooling 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

From Fig.5, it is observed that optimum COP occurs at flow rate 3 (1.3m/s) for both the 

temperatures (i.e. 22℃ , 24℃).Upon increasing flow rate, compressor work input decreases.For 

specific flow rate, COP decreases with increasing ambient temperature. 

FIG.5. Shows variation of COP with flow rate. 

FIG.6. Shows variation of Compressor work (CW) with flow rate. 
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5.1.3. Cooling and humidification 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

FIG.7 shows the variation of COP vs. Flow rate for cooling and 

humidification process 

FIG.8. shows the variation of compressor work during cooling and 

humidification process 
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Fig.7 shows the variation of COP with Flow rate for two ambient temperature (i.e. 22℃ , 

24℃).On increasing flow rate, COP increases and then decreases for cooling and 

dehumidification process, it attains maximum at flow rate 3 (i.e. 1.3 m/s). From fig.8 it is 

clearly observed that, Both refrigerating effect (R.E) and compressor work (C.W) decrease 

upon increasing the flow rate but the abatement in compressor work is more than 

refrigerating effect. 

5.2. Theoretical Exergy Results 

5.2.1. Cooling and Humidification 

a) At ambient temperature T = 22°C 

 

 

b) At ambient temperature T = 24°C 
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FIG.9 Shows Theoretical Exergy at Different Components 22 ℃ 

FIG.10 Shows Theoretical Exergy at Different Components at 24 ℃ 
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5.2.2. Sensible Cooling 

a) At ambient temperature T= 22°C 

 

 

 

b) At ambient temperature = 24°C  
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FIG.11 Exergy at different flow rates for different components 

FIG.12 Exergy at different flow rates for different components 
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5.3. REFPROP Exergy Results 

5.3.1 Cooling and Humidification 

a) At ambient temperature T = 22°C 

 

 

 

 

 

 

 

 

 

 

 

 

b) At ambient temperature T= 24°C 
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FIG.13 REFPROP Exergy at differentcomponents for different flow rates 

 

FIG.14 REFPROP Exergy at different flow rates for different components 
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5.3.2. Sensible Cooling 

 a) At ambient temperature T = 22°C 

 

 

 

 

 

 

 

 

 

 

b) At ambient temperature T = 24°C 

 

 

 

 

 

 

 

 

 

 

For the case of Cooling and Humidification Fig.9 and Fig.10 (both at ambient temperatures 22C 

and 24C), optimum results are achieved at flow rate 3 due to the minimum loss of available 

FIG.15 REFPROP Exergy at different flow rates for different components 

 

FIG.16 REFPROP Exergy at different flow rates for different components 
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energy or exergy. Also, if we compare the results obtained in the case of Cooling as well as 

Cooling and Humidification, we observe that the exergy loss is more in the former than the 

latter.For the case of simple cooling Fig.11 and Fig.12 (both at ambient temperatures 22C and 

24C), optimum results are obtained at flow rate 3 as the net exergy loss of all the components is 

minimum and thus availability is maximum or most of the work supplied is harnessed 

effectively. 

Fig.13 and Fig.14 shows the REFPROP Exergy results at different components of the system at 

different air flow rates. Optimum exergy results are obtained at flow rate 3 (i.e. 1.3m/s) for 

cooling and humidification process. Fig.15 and Fig.16 shows REFPROP Exergy Results for 

sensible cooling process at two Ambient Temperatures for the different components of the 

system. Exergy loss is decreasing with increases in flow rates, satisfactory results are again 

obtained at flow rate 3 (i.e. 1.3m/s) for the system.  

6. Conclusions  

The following trend is conspicuous in the case of Cooling at both the temperatures 22C and 

24C: For flow rates2, 3 and 4:(EX)D compressor  (EX)D condenser  (EX)D expansion valve  

(EX)D evaporator. For flow rate 1:(EX)D compressor  (EX)D condenser  (EX)D evaporator  

(EX)D expansion valve . In Cooling and Humidification, we notice the following trend after 

exergy analysis of each component:(EX)D compressor  (EX)D condenser  (EX)D evaporator   

(EX)D expansion valveSince the exergy loss in the Compressor is of the largest magnitude, it 

demands some modifications in its system design.For a particular temperature and flow rate, the 

total exergy is lesser in the case of Cooling and Humidification than that in the case of 

Cooling.Among all the flow rates, the total exergy is the least in the case of flow rate 3 and the 

highest for flow rate 1.The following trend is observed in this analysis:(EX)D compressor  

(EX)D condenser  (EX)D expansion valve  (EX)D evaporator. Results for exergy are 

approximately similar for both the cases. Since the exergy loss in the Compressor is of the 

largest magnitude, it demands some modifications in its system design.However, small deviation 

is found in some exergy values of process due to human error or interpolations made in R410A 

table during observations. 
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