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Abstract 

Exergy is now a day one of the important area to work upon as it is directly related to the economic development of the country. 

Exergy is an indicator which shows that where a system needs improvement in order to improve the overall efficiency of the 

system. This paper presents in detail about the exergy analysis of packaged air conditioning system and different time interval and 

varying atmospheric conditions.  
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________________________________________________________________________________________________________ 

I. INTRODUCTION 

Packaged air conditioning systems consist of pre-assembled, off-the-shelf equipment that provides space heating, cooling, and 

ventilation to small and medium spaces. These systems are available in capacities ranging from about 5 TR to up to about 100 TR. 

Small capacity Individual room air conditioning systems are essentially ductless while larger package units use ductwork for air 

distribution. Obviously the larger the tonnage, the larger will be the airflow and it will require ductwork to cover all spaces and to 

reduce noise. It is also possible to house the entire refrigeration in a single package and may also include heating coils along with 

the evaporator. The condenser used in these systems could be either air cooled or water cooled. 

A central system is custom-designed for a building and is categorized by field assembly of: 

Source components – Comprising of the refrigeration compressor (reciprocating, scroll, screw or centrifugal type), shell and 

tube heat exchanger (evaporator) for chilled water production, shell and tube heat exchanger (condenser) for heat rejection in water 

cooled configuration, copper tube/aluminum finned condenser coil and fan (condensing unit) for air cooled configuration, an 

expansion valve between condenser and the evaporator. All these components are assembled in a skid, known as the chiller 

package. Refrigerant piping required to connect these parts is also enclosed in this skid. The chiller package is located in a dedicated 

plant room. 

Distribution system: comprising of chilled water & cooling water pumps, air handling units, and ductwork. The pumps are 

generally located in the chiller plant room and the air handling units are installed in separate air handling rooms distributed at 

various locations of the building. 

Terminal elements: comprising of grilles, diffusers, ventilation systems, and a number or elements adjusting comfort (local re-

heat, humidity treatment, thermostats, air filtering etc.). Heat rejection system (cooling tower/s or air cooled condensers) are located 

outdoors. 

All these components are field assembled. They perform the functions as usual similar to a typical refrigeration system; all these 

parts are larger in size and have higher capacities. 

Thus, here the work is done on each components of the system in order to carry out energy and exergy related analysis in a way 

to find out the most efficient component or the to improve the efficiency of component which is having less efficiency. 

  Introduction (Air Conditioning System): 

A system consisting of components and equipment arranged in sequential order to satisfy the various space conditions required for 

comfort as well as industrial air conditioning is known as air conditioning system. In order to provide complete air conditioning, a 

year-round system must have following functions: heating, cooling, dehumidification, humidification, ventilation, filtration, and 

air circulation. The size and complexity of the air conditioning system may range from a single space heater or window unit for a 

small room to huge system for building complex, yet the basic principles are same. 

 Working Principle of Air Conditioning System: 

There are many methods to implement air conditioning, such as the vapour compression refrigeration process and the absorption 

refrigeration system. The most common method in practice is the vapour compression refrigeration process. Simple vapour 
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compression refrigeration cycle consists of four main components, which are cooling coil or evaporator, compressor, condenser 

and an expansion valve 

 Exergy: 

The term Exergy was used for the first time by Rant in 1956, and refers to the Greek words ex (external) and ergos (work). Another 

term describing the same is Available Energy or simply Availability. The term Exergy also relates to Ideal Work  and Exergy 

Losses relate to Lost Work.[1] 

It should also be emphasized that there is a strong link between Exergy and Entropy since Entropy production is equivalent to 

Exergy Loss which again is equivalent to Lost Work. Also notice that while Exergy is the ability to produce work, Entropy was 

previously described as the systems inability to do work.[1] 

 Energy Balance 

Energy balance is achieved through the use of first law of thermodynamics. The general conservation equation for steady state 

flow through a control volume is written as  

Q+Wnet+∑in(h+v2/2+gz)m∑out(h+v2/2+gz)m 

=dEcv/dt……………….(1) 

And with unit mass basis for a control volume with one inlet and outlet, 

q+w=(h2-h1)+(v22/2-v12/2)+g(z2-z1)…………..(2) 

Where w is usually represents any shaft work present, specific enthalpy h= u + pv, and m= AV is the mass flow rate at a given 

position. The kinetic and potential energy are neglected . The actual work done by the compressor is given by: 

Actual work done    wa=h2a - h1 

Adiabatic work  ws=h2s - h1 

The isentropic efficiency can be calculated by 

  ηisen = ws/wa 

As the compressor is powered by electric motor, the motor output is calculated as  

       wm = wa/ηe 

Following are the steady state energy relations for the compressor, condenser, throttling valve and the evaporator. 

Compressor 

qe + win = h2a - h1  

Condenser :qcond = h3 - h2a 

Throttling valve:  h3 = h4 

Evaporator. :qcvp = h1 - h4 

The COP is calculated by :   COP = qL/wm 

The first law contains a term work, but there is no energy term, which accounts for irreversibility. the second law contains the 

term of irreversibility and in developing an expression directly relating to work and entropy generation we need to combine both 

laws. [1] 

Exergy analysis: It has two advantages over the conventional heat balance method for design and performance analysis of energy 

related systems. It provides a more accurate measurement of the actual inefficiencies in the system and the true location of these 

in efficiencies. In refrigeration cycle, with the heat balance analysis, it is not possible to find out the true losses. Exergy analysis is 

based on the assumption that there is an infinite equilibrium environment that ultimately surrounds all systems that are to be 

analyzed. The exergy or available energy of a system is the maximum work that could be derived if the system were allowed to 

come to equilibrium with the environment. It is a consequence of the second law of thermodynamics that the combined exergy of 

all systems can only decrease or remain unchanged. Unlike energy, exergy is not conserved, once it is lost, it is lost forever. In 

other words, exergy (quality) is degradable, while energy (quantity) is conserved. Exergy can be exchanged between systems, but 

if there are thermodynamic irreversibility’s such as, friction or heat transfer with finite temperature differences, some of the 

potential for the production of work is destroyed. In all real processes, therefore, the total exergy of the system decreases [3] 

For a specified system boundary a clear distinction can be made between exergy destruction and exergy loss. Exergy loss is 

exergy that is passed on to some other system often the environment and which cannot be considered useful in thecontext of the 

purpose of the system. The term exergy destruction is used when the potential for the production of work is destroyed within the 

system boundary. The exergy of a system is a co-property of the system and the environment. In exergy analysis of compressors 

the environment consists of the local surroundings of the compressor. These local surroundings are modeled as being in equilibrium 

and infinite. Given sufficient information, the exergy of all the systems can be determined at any time. On the basis of first law, 

the performance of refrigeration cycle is based on the coefficient of performance, which is defined as the ratio of net refrigerating 

effect (cooling/heating load) obtained per unit of power consumed. It is expressed as 

COP=Qe/Wc 

Exergy balance for a control volume can be expressed as [2] 

EX D  = ∑(mex)in  − ∑(mex)out [∑(Q(1 − T0  / T )in 

− ∑(Q(1 − To  / T )out ] ∑W (4.2)  
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For the present system shown in Fig.4.1b,  

the component wise exergy balance   

equation can be written as below:   

a) Compressor   

 

(EX D )comp  =Ex1  + Wc  − Ex 2  = 

  mr (To (s2  − s1 )) (4.3)  

b) Condenser   

 

(EX D )cond  = Ex 2  − Ex 3  = mr (h2  − To s2 )  

− mr (h3  − To s3 ) (4.4)  

c)  Expansion Device: 

(EX D )exp = Ex 3  − Ex 4 = mr (h3  − To s3 ) –  

mr (h4  − To s4 ) = mr (To (s2  − s1 )) 

d) Evaporator 

(EX D )evap  = Ex 4  + Qe (1 − To  / Tr ) − Ex1= mr (h4  − To s4 ) + Qe (1 − To  / Tr ) − mr (h1  − To s1 ) 

The total exergy destruction in the system is the sum of exergy destruction in different components of the system and is given by 

e) Total exergy destruction 

       (EXD)total  =  (EXD)comp  +  (EXD)exp  + (EXD)evap 

Exergy Efficiency 

exergy = Qe/Wc (1 − T0  / Tr )[1] 

II. EXPERIMENTAL SETUP 

Packaged air conditioning systems(MODEL : 11.0 TR DUCTABLE WITH TWIN COMP & SINGLE FAN - PAG132ERD3 

consist of pre-assembled, off-the-shelf equipment that provides space heating, cooling, and ventilation to small and medium spaces. 

This system is having capacity of 11 TR . Small capacity Individual room air conditioning systems are essentially ductless while 

larger package units use ductwork for air distribution. Obviously the larger the tonnage, the larger will be the airflow and it will 

require ductwork to cover all spaces and to reduce noise. It is also possible to house the entire refrigeration in a single package and 

may also include heating coils along with the evaporator as shown below; 

 
Fig. 1: outdoor unit of packaged AC 

 
Fig. 2: hitachi company’s detail label on outdoor unit 
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Fig. 3: Room where the the AC system is installed and experiment was carried out at various time interval of empty room 

Technical Specification (Hitachi company) 

Indoor unit: MPAI132EMD3 

Outdoor unit: PAO132ERD3 

EVAPORATOR: TYPE Air–Cooled 

NO. OF EVAPORATORS 2 Nos. L Shaped Coils 

NO OF ROWS 3 

TUBEMATERIAL: Copper                                                   

THICKNESS (MM) 0.29 

TUBE DIAMETER(MM) 7.93 

EXPANSION DEVICE Thermostatic Expansion REFRIGERANT R 22 

EVAPORATING TEMPERATURE   7.2            

COMPRESSOR: Hermetically sealed compressor 

MAKE/MANUFACTURER Copeland, USA 

MODEL.NO. ZR72 KC TFD 52E 

TYPE OF COMPRESSOR Scroll compressor 

NO. OF COMPRESSORS/UNIT 2 

SINGLE/THREE PHASE Three Phase 

OPERATING VOLTAGE(VAC) 380 ~ 420 V 

QUANTITY OF LUBRICANT (cc) 1774 

REFRIGERANT R 22 

CONDENSING TEMP (C) 54.4 

EVAPORATING TEMP (C) 7.2 

TYPE OF ELECTRICAL CIRCUIT Star connection 

CONDENSER 

TYPE Air-Cooled 

NO. OF CONDENSER COIL per unit 1 No ,L Shaped Coil 

NO OF ROWS 3 

FACE AREA(SQ.M) 1.276 

TUBE MATERIAL Copper 

TUBE THICKNESS (MM) 0.29 

TUBE DIAMETER(MM) 7.93 

TYPE OF TUBE Internally Groov 

III. EXPERIMENTAL PROCEDURE 

1) First of all, switch on the AC and keep it continue for 1 hour. 

2) Now readings of temperature are taken at interval of every 5 minutes for 1 hours using digital thermometer inside the room 

3) At the Same time the temperature reading are taken from outside the room  

4) Now based on this values of Condensing Temperature and Evaporating Temperature Corresponding Pressure values are 

calculated from the graph of R 22 Refrigerant  

5) From the values of Condensing Temperature and Pressure corresponding values of enthalpies are found out 

6) After getting the enthalpy value, exergy is calculated from the exergy enthalpy diagram and values are used to find the best at 

different interval 
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IV. RESULT AND DISCUSSION 

In order to have a comparative study of vapour compression cycle by varying the quantity of refrigerant charged, the real time data 

was measured and the calculations were made using Forane software [18]. The temperature, pressure and mass flow rate of the 

refrigerant was measured respectively at different state points. The basic properties such as entropy and enthalpy of the refrigerant 

at different state points were calculated using Forane software [18]. The coefficient of performance (COP), refrigerating effect, 

compressor work, exergy destruction and exergy efficiency are calculated using simple Excel sheet. 

A 11TR air conditioner equipped with different pressure, temperature and flow measuring devices has been studied experimentally 

using energy and exergy analysis. The unit is charged with refrigerant R-22 in 100% respectively and the system performance is 

analyzed in each case. There temperature is measured. The coefficient of performance (COP), cooling load, exergy destruction, 

exergy efficiency has been evaluated against running time and evaporator temperature and the discussion of results is given below: 
Result Table - 1 

Parameters at different time interval 

 Pdisch./ Psuc./ m/ Cond. Evap. Inlet/ 

Time kg/cm² kg/cm² kg/s In/°c °c 

5 18.7 4.1 0.03768 74 9 

10 18.6 4.2 0.03768 80 7 

15 18.6 4.2 0.03768 81.5 6.5 

20 18.5 4.15 0.03768 82 8 

25 18.7 4.15 0.03768 82 8.1 

30 18.6 4.2 0.03768 81 9 

35 18.8 4.2 0.03768 83 7 

40 18.7 4.2 0.03768 88 7.7 

45 18.8 4.2 0.03768 88 8.2 

50 18.7 4.2 0.03768 88 9 

55 19 4.2 0.03768 88 6.9 

60 18.6 4.21 0.03768 89 7.5 

65 18.2 4.1 0.03768 81 7.5 

Result Table - 2 

Exergetic Performance Result based on the parameters of table 1 

RE Wcomp./k  EXD EXD EXD EXD EXD Exergy % Exergy 

/kJ J COP evap. comp. cond. exp. Total Efficiency Efficiency 

6.2 1.29 4.8 3.95 4.17 3.37 3.968 15.43 0.401 40.12 

6.2 1.50 4.1 3.86 4.31 3.37 3.994 15.56 0.445 44.51 

6.26 1.55 4.0 3.85 4.36 3.39 3.993 15.52 0.459 45.0 

6.28 1.58 3.9 3.83 4.43 3.38 3.982 15.66 0.423 42.35 

6.26 1.57 3.9 3.89 4.40 3.33 3.975 15.56 0.421 42.15 

6.23 1.52 4.1 3.82 4.38 3.37 3.97 15.55 0.400 40.04 

6.21 1.59 3.8 3.89 4.43 3.39 3.99 15.52 0.444 44.40 

6.22 1.78 3.5 3.80 4.57 3.30 3.98 15.76 0.430 43.50 

6.228 1.76 3.5 3.88 4.58 3.38 3.981 15.77 0.416 41.60 

6.13 1.74 3.5 3.82 4.56 3.27 3987 15.73 0.394 39.45 

6.22 1.75 3.5 3.87 4.54 3.24 3.96 15.62 0.445 44.58 

6.26 1.80 3.4 3.84 4.60 3.28 3.98 15.75 0.4356 43.59 

6.26 1.55 4.026 3.84 4.39 3.35 3.984 15.62 0.435 43.56 

Parameters of VCR System at Different Time Intervals which shows the various condenser and evaporator inlet temperature and 

suction pressure and discharge pressure 

Now based on this now the values of enthalpies are calculated and at the same condition the values of exergy is calculated and 

further exegetics performance table is shown in the table 2 

 
Result Graph 1: Variation of total exergy destruction with respect to evaporator 
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Result Graph 2: Variation of exergy efficiency with respect to evaporator temperature. 

V. CONCLUSION 

It is concluded from the above obtained data that exergy destruction is highest in compressor than comes condenser followed by 

expansion device and at last the evaporator 

So the main focus should be on the design parameters as well as the capacity of the compressor with which the efficiency can 

be improved. 

Other parameters such as friction loss, economizer arrangement, design and operation of condenser are also studied and 

necessary amendments in it can help improving the overall coefficient of performance. 

VI. FUTURE SCOPE 

Here the result obtains shows the exergy destruction only at various components but does not tell what changes can improve the 

result and thus further design related study of components can help reducing problem and saving the energy. 
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