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ABSTRACT 

In Iraq most of the small buildings deployed a conventional air conditioning technology which 

typically uses electrically driven compressor systems which exhibits several clear disadvantages 

such as high energy consumption, high electricity at peak loads. In this work a thermal 

performance of air conditioning system combined with a solar collector is investigated 

theoretically. The hybrid air conditioner consists of a semi hermetic compressor, water cooled 

shell and tube condenser, thermal expansion valve and coil with tank evaporator. The theoretical 

analysis included a simulation for the solar assisted air-conditioning system using EES software 

to analyze the effect of different parameters on the power consumption of compressor and the 

performance of system. The results show that refrigeration capacity is increased from 2.7 kW to 

4.4kW, as the evaporating temperature increased from 3 to 18 ºC. Also the power consumption is 

increased from 0.89 kW to 1.08 kW. So the COP of the system is increased from 3.068 to 4.117. 

The power consumption is increased from 0.897 kW to 1.031 kW as the condensing temperature 

increased from 35 ºC to 45 ºC. While the COP is decreased from 3.89 to 3.1. The power 

consumption is decreased from 1.05 kW to 0.7kW as the solar radiation intensity increased from 

300 W/m
2
 to 1000 W/m

2
, while the COP is increased from 3.15 to 4.8. A comparison between 

the simulation and available experimental data showed acceptable agreement. 

Keywords: solar assisted air conditioning system, solar collector, thermal performance, 

simulation program, EES. 

 

ريا  نظ   العراق في الشوسيت الطاقت بوساعذة تعول هواء تكييف لونظوهت الحراري الاداء تقيين  

                                                          هحوذ عبذالحسن عبذ                                                                           جاسن نجن عبذ أ.م.د 

                                                     قسن الهنذست الويكانيكيت                                                          سن الهنذست الويكانيكيت              ق

جاهعت بغذاد                                                                                   جاهعت بغذاد         

 الخلاصت:

ِؼظُ اٌّببٍٔ اٌصغُشة واٌّخىسطت فٍ اٌؼشاق حؼخّذ ػًٍ أظّت اٌخبشَذ راث اٌضبغظ اٌىهشببئٍ واٌزٌ ِٓ ػُىبه الاسخهلان 

اٌّشوبت اٌؼبٌٍ ٌٍطبلت اٌىهشببئُت ػٕذ حًّ اٌزسوة. فٍ هزا اٌؼًّ حُ اٌخحمك ٔظشَب ِٓ الاداء اٌحشاسٌ ٌّٕظىِت حىُُف اٌهىاء 

ِغ ِجّغ شّسٍ. َخىىْ ِىُف اٌهىاء اٌهجُٓ ِٓ ضبغظ شبه ِمفً، ِىثف ٔىع الاسطىأت والأبىة اٌّبشد ببٌّبء، صّبَ 

حّذد حشاسٌ وِبخش ٔىع اٌخضاْ واٌٍّف. شًّ اٌخحًٍُ إٌظشٌ ِحبوبة ٌّٕظىِت حىُُف اٌهىاء اٌخٍ حؼًّ بّسبػذة اٌطبلت 

بُٕج إٌخبئج اْ  .حأثُش ػىاًِ ِخخٍفت ػًٍ اسخهلان طبلت اٌضبغظ وأداء إٌّظىِت ٌخحًٍُ  EESاٌشّسُت ببسخخذاَ بشٔبِج 

دسجت ِئىَت ووزٌه فبْ اٌطبلت  88اًٌ  3وٍُى واط ِغ صَبدة دسجت حشاسة اٌخبخُش ِٓ  4,4اًٌ  7,7سؼت اٌخثٍُج لذ صادث ِٓ 

. اْ 4,887اًٌ 3,968بًِ اداء إٌّظىِت ِٓ وٍُى واط , واٌزٌ ادي اًٌ صَبدة ِؼ 8.98اًٌ  9.89اٌّسخهٍىت لذ صادث ِٓ 
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دسجت ِئىَت.  45اًٌ  35وٍُى واط ِغ صَبدة دسجت حشاسة اٌخىثُف ِٓ   8,938اًٌ  9,897اٌطبلت اٌّسخهٍىت لذ اصدادث ِٓ 

صَبدة وٍُى واط ػٕذ  9,7اًٌ  8,95. اْ اٌطبلت اٌّسخهٍىت لذ أخفضج ِٓ 3,8اًٌ  3,89بُّٕب ِؼبًِ الاداء لذ أخفض ِٓ ِٓ 

َ\واط 8999اًٌ  399الاشؼبع اٌشّسٍ 
7

. واظهشث اٌّمبسٔت بُٓ 4,8اًٌ  3,85, بُّٕب ِؼبًِ اداء إٌّظىِت لذ اصداد ِٓ 

 إٌخبئج اٌخجشَبُت وإٌظشَت احفبق ِمبىي بُٕهّب.

 , بشٔبِج ِحبوبة . حشاسٌ اداء,  شّسٍ ِجّغ ، اٌشّسُت اٌطبلت بّسبػذة هىاء ِىُف :رئيسيت كلواث

 

1. INTRODUCTION: 

The increasing consumption of energy in buildings on air-conditioning systems has initiated a 

great deal of research for energy savings. With the consolidation of the demand for human 

comfort, around 48% of energy is consumed in commercial and public buildings due to air 

conditioners, usually by driving electrical vapour compression chillers Lamberts, 1999. The use 

of solar thermal energy for air-conditioning in hot and sunny climate is a promising application 

of solar collectors in buildings. The main advantage of the solar air conditioning system is that in 

solar air conditioning applications solar gains and cooling loads occur at the same time and on 

the seasonal level. Figures 1 and 2 show the main variations of solar radiation and maximum 

temperature and relative humidity for Baghdad station , Al-Salihi Ali et al, 2010. Iraq is one of 

the countries with the highest electricity production from oil during 2008 IEA, 2011. 

Vakiloroaya et al. 2012 described and studied a newly-developed solar-assisted air-conditioning 

system. They proposed a new discharge bypass line connected with an inline solenoid valve, 

installed after compressor to regulate the refrigerant flow rate passing through a hot water 

storage tank. Experimental test results show that the daily energy saving is about 38.6%, while 

the indoor temperature and relative humidity are within comfort ranges. Ha et al. 2012 analyzed 

the performance of a newly solar-assisted direct expansion air conditioner and demonstrate the 

capability of energy savings and ecological conservation. They equipped a flat collector storage 

system as well as immersed piped coil with the direct expansion evaporator to raise the superheat 

temperature entering the variable speed compressor, causing the smaller duty cycle of the 

compressor and the slight increase in the suction pressure, and hence, reduce the energy 

consumptions. Water in the solar collector is in a contact with the collector absorbing surface so 

the heat is transferred to the water, then to the refrigerant in an immersed heat exchanger. Once 

the space has achieved the desired temperature, the compressor turns off while space cooling will 

continue till the pressure of the refrigerant at the circulation loop fails for saving the desired 

temperature. The advantage of the system is that the heat can be imparted in the refrigerant via 

the flat plate collector and therefore the compressor can remain off longer. The process justifies 

up to 40% of energy savings.  
In the current study the thermal performance of solar assisted air conditioning system was 

investigated theoretically under Iraqi climate conditions. Theoretical tests were studied by 

varying the parameters to investigate their effects on the thermal performance of the solar 

assisted air conditioning system such as cooling water flow rate, heating water flow rate, ambient 

temperature and solar radiation intensity. 

 

2. THE MATHEMATICAL MODEL  

The following general assumptions have been adopted: i. Quasi-steady state conditions are 

approximated within the chosen time interval. ii. Pressure drop and heat loss in the connecting 

pipes are neglected. iii. Frictional losses in the evaporator and the condenser are negligible. iv. A 

good thermal insulation over the refrigerant loop is assumed, i.e. thermal loss to the surroundings 
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is neglected. v. Kinetic and potential energy changes are assumed to be insignificant. vi. The 

refrigerant undergoes polytrophic compression with a constant polytrophic index (n). Vii. 

Isenthalpic expansion process is considered. The main components covered in the model are 

compressor, expansion valve, water-refrigerant condenser, evaporator and liquid solar collector. 

Fig.3 shows the system configuration used in the simulation. 

 

2.1 Compressor 

The various equations are expressed as follows from Stoecker and  Jones, 1982. 

Piston Displacement volume per cylinder is calculated as: 

                            
        

 
                                                                                                ( )               

Volumetric efficiency of compressor is calculated as: 

                                 (
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                                                                                  ( )              

where C is the clearance volume ratio and obtainable from the manufacturer’s data. 

Refrigerant mass flow rate can be evaluated such that: 
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Compressor work input can be written as: 
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where       is the compressor mechanical efficiency. 

Refrigerant discharge temperature and specific volume are determined such that: 
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2.2 Water Cooled Condenser 

The water condenser is a shell and tube heat exchanger, with water in the tube and the refrigerant 

around it. Refrigerant releases heat to the water in the condenser, and becomes saturated or sub-

cooled. Cold water is also supplied to the condenser and hot water flows out to maintain the 

water temperatures and allows for more hot water production.                 

The heat rejected by the refrigerant is given as: 

                               ̇ (         )                                                                                        ( )  
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The heat absorbed by the water is given as: 

                                     
   
  

   ̇      (         )                                               ( )    

where the first term refers to the heat gain by the water in the storage tank, while the second term 

refers to the heat gain by the circulating water. The first term would be zero if there is no change 

of water temperature in the tank over time, while the second term would be zero if there is no 

water supplied or discharged from the tank. 

Assuming negligible heat loss from the water tank to the ambient, the heat transfer from the 

refrigerant to the water should be balanced as follows: 

 ̇ (         )         
   
  

   ̇      (         )                           ( ) 

The heat released by the condenser can be written as: 

            (         )                                                                            (  ) 

where      is the inlet temperature of the hot fluid and     is the inlet temperature of the cold 

fluid. In present work,      refers to the temperature of superheated refrigerant and      refers to 

the temperature of feed water. Effectiveness-NTU method is used to determine the effectiveness 

of condensing coil. Effectiveness, ε, is the ratio of actual heat transfer rate of a heat exchanger to 

the maximum possible heat transfer rate. ε can be expressed as follow: 

      
                    

                              
 

          

     (         )
                               (  ) 

      is the heat capacity of the fluid with the lowest value. Two different heat capacities 

   and    can be defined for hot or cold circulating fluid respectively such as      is determined 

as follows: 

     ̇                                                                                                           (  ) 

      ̇                                                                                                            (  )  

If     >    ,         =       and         =    . However, if     >   ,         =     and         =     . 

In heat exchanger equations, it is useful to describe heat capacity ratio, C as: 

  
      
      

                                                                                                      (  ) 

2.3 Thermostatic Expansion Valve 

The thermostatic expansion valve is used to bring the pressure and temperature of the refrigerant  
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from  a high  pressure  and  high  temperature state  to  a  low  pressure  and  low temperature 

state. The expansion valve is also used to regulate the flow rate of the refrigerant to control the 

level of superheat and to ensure complete evaporation of the refrigerant in the evaporator. 

An isenthalpic expansion process is assumed for the thermostatic expansion valve as there is no 

heat or work input or output, given as: 

                                                                                                                 (  ) 

 

2.4 Evaporator 

The heat transferred through the evaporator was determined by calculating the refrigerant 

enthalpy increase, and energy lost by the water as seen below: 

       ̇    (         )                                                                     (  ) 

         ̇ (         )                                                                              (  ) 

where       and       correspond to the inlet and outlet temperatures of water in the evaporator, 

and      and      are the enthalpies of the refrigerant at the outlet and inlet on the refrigerant side 

of the evaporator. In order to find the heat transfer through the evaporator, the greatest heat 

transfer must be calculated, which is dependent on the greatest temperature difference between 

both sides of the heat exchanger, then limited by the minimum capacitance rate, i.e., 

     (  ̇   )   (         )                                                                    (  ) 

 

2.5 Water-in-glass Evacuated Tube Solar Collector 

The heat transfer in this collector is driven purely by natural circulation of water through the 

single-ended tubes. Water in the tubes is heated by solar radiation, rises to the storage tank and is 

replaced by colder water from the tank as shown in fig.4. 

The heat rate gained by the water is given by: 

   ̇    (     )                                                                                                         (  ) 

The collector efficiency can be defined as the useful heat output from the collector to the input 

solar irradiation (I) received on the surface of the collector, and is: 

  
 ̇    (     )

    
                                                                                                          (  ) 

 

2.6 Cooling Tower  

Cooling towers are heat exchangers which are used to dissipate large heat load to the 
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atmosphere. They are equipment’s used to reduce the temperature of a water stream by 

extracting heat from water and rejecting it to the atmosphere. They are used in a variety such as 

power generation and refrigeration. Cooling towers are designed for industrial plants for various 

purposes and sizes to provide cool water. 

 

3. EES SOFTWARE 

Engineering Equation Solver is thermodynamic based software developed by William Beckman 

and Sanford Klein of the University of Wisconsin and is academically and commercially 

available from F-Chart Software. EES will solve for enthalpy. The enthalpy at the different states 

can be used to solve for quantities like heat transfer, power consumption and system 

performance as shown under the System Equations section. 

Parameters of interest for solar assisted air-conditioning system: there were four system inputs 

that were explored when using EES. Table (1) below depicts all the parameters that were 

bracketed when exploring the possibility of the working fluids. By allowing the values to vary 

over a large range, the capability of the solar assisted air-conditioning system can be found.  

As mentioned, the high temperature of the cycle will be determined by the performance of the 

solar collectors. The condenser temperature will depend on where the excess heat of the system 

is going to be rejected to. The program flow chart and the P-h diagram are presented in fig.4 and 

Fig.5 respectively.  

4. RESULTS AND DISCUSSION  

4.1 Effect of Evaporating Temperature on Compressor Work and Refrigerating Effect  

The range of evaporating temperatures used was (3℃ to 18℃) all with constant condensing 

temperatures at (40℃) as shown in figs.6 and 7. 

Fig.7 shows the relation between evaporation temperature and refrigeration capacity. It is seen 

that the refrigerating capacity was increased with increasing the evaporating temperature. This is 

due to the increase of evaporation pressure which will definitely increase the evaporator 

temperature the enthalpy of the refrigerant at the evaporator outlet is increased. Also the pressure 

ratio is decreased with increasing the evaporation pressure, which will definitely increase the 

volumetric efficiency and refrigerant vapour density consequently higher values of refrigerant 

mass flow rate was achieved.  

The refrigeration capacity is increased from 2.7 kW to 4.4kW, as the evaporating temperature 
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increased from 3 to 18℃.  

In case of studying the effect of evaporating temperature on the compressor power consumption, 

it was found that the power consumption increases with increasing the evaporating due to the 

increase of refrigerant mass flow rate as discussed in previous paragraphs which overcomes the 

decrease of enthalpy difference with increasing the evaporation pressure the power consumption 

is increased from 0.89 kW to 1.08 kW as the evaporating temperature increase from 3 to 18℃. 

Consequently due to the reasons the COP of the system was increased with increasing the 

evaporating temperature as shown in fig.6. The coefficient of performance of the system is 

increased from 3.068 to 4.117, as the evaporation temperature increased from 3 to 18℃.   

4.2 Effect of Condensing Temperature on the Compressor Work and Refrigerating Effect  

Condensing temperature (Tcon) is also an important operating parameter that influences the 

system performance. Evaporating temperature is kept constant at values of (9 ºC) and the 

condensing temperature was ranged from 35 ºC to 45 ºC.as shown in figs.8 and 9. 

Fig.9 shows the relation between condensation temperature and refrigeration capacity. It is seen 

that the refrigerating capacity was decreased with increasing the condensation temperature. This 

is due to the increase of condensation pressure which will definitely increase the pressure ratio, 

which will definitely decrease the volumetric efficiency and refrigerant vapour density 

consequently lower values of refrigerant mass flow rate was achieved. 

In case of studying the effect of condensing temperature on the compressor power consumption, 

it was found that the power consumption increases with increasing the condensing due to the 

increase of refrigerant mass flow rate as discussed in previous paragraphs which overcomes the 

decrease of enthalpy difference with increasing the evaporation pressure the power consumption 

is increased from 0.8966 kW to 1.031 kW as the condensing temperature increased from 35 ºC to 

45 ºC as shown in fig.8. Consequently due to these reasons the COP of the system was decreased 

with increasing the condensation temperature as shown in fig.8. The coefficient of performance 

of the system is decreased from 3.89 to 3.1, as the condensation temperature increased from 35 

to 45℃. 

4.3 Effect of Refrigerant Mass Flow Rate on Compressor Work and Refrigerating Effect  

The rate of refrigerant mass flow rate was used in all experiments (83, 75, 66, 58, 50 and 41) 

kg/hr, the condensing temperature was kept constant at 40℃ and the evaporating temperature 

was kept constant at 9℃. The results are shown in fig.10 and fig.11. 
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Fig.11 shows the refrigerating capacity is increased with increasing the refrigerant mass flow 

rate. This result trend can be explained according to the eq.16. Also the pressure ratio is 

decreased, which will definitely increase the volumetric efficiency, the refrigerant mass flow rate 

higher values. The refrigeration capacity is increased from 1.6 kW to 3.34kW as the refrigerant 

mass flow rate increase from 41 to 83 kg/hr.  

In case of studying the effect of refrigerant mass flow rate on the compressor power 

consumption, it is found that the power consumption increases with increasing the refrigerant 

mass flow rate, the power consumption is increased from 0.48 kW to 0.97 kW as the refrigerant 

mass flow rate increase from 41 to 83 kg/hr, which is in the better agreement with eq.4. The 

COP is equal theoretically as shown in fig.10. 

4.4 Effect of the Solar Radiation on the Compressor Work and Thermal Performance 

Since the solar radiation intensity plays a major role on the collector heat gain, the effect of this 

parameter on the system performance is analyzed and presented in this section. The solar 

radiation intensity was used in all experiments (300, 400, 500, 600, 700, 800, 900 and 1000) 

W/m
2
, the condensing temperature was kept constant at 40℃ and the evaporating temperature 

was kept constant at 9℃. The results are shown in fig.12 and fig.13. 

Fig.12 shows the variation of collector useful heat gain with the radiation intensity. It is seen that 

as the solar radiation is increased the useful energy gain is increased. 

As shown in fig.13 the power consumption is decreased from 1.05 kW to 0.7 kW as the solar 

radiation intensity increased from 300 W/m
2
 to 1000 W/m

2
, while the COP is increased from 

3.15 to 4.8. 

4.5 Comparison between Theoretical and Experimental Works 

Figs.14 to 16 shows comparisons between the experimental and the theoretical results of power 

consumption and the coefficient of performance of the system. Fig.14 shows a comparison 

regarding the influence of the evaporator water temperature on the power consumption and the 

coefficient of performance of the system. The deviation between the experimental and theoretical 

power consumption and the performance of the system is about 0.03 and 0.12 respectively.  As it 

is clear from this figure the measured and the predicted values are in a reasonable agreement. 

In Fig.15 the measured power consumption and the performance of the system regarding the 

variation of with condensing temperature are compared to the predicted results. The deviation 

between the experimental and theoretical power consumption and the coefficient of performance 
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of the system is about 0.17 and 0.25 respectively.   

Fig.16 shows a comparison between the measured and predicted values regarding the influence 

of refrigerant mass flow rate on power consumption, cooling capacity and COP of the system. 

The deviation between the experimental and theoretical power consumption, cooling capacity 

and the performance of the system is about 0.35, 0.07 and 0.43 respectively.   

These figures show that there is a reasonable agreement between the measured and predicted 

power consumption and cooling capacity as well as between the measured and predicted COP. 

Generally, this theoretical work indicates that EES software is a good tool to predict the 

performance of solar assisted air conditioning system. 

5. CONCLUSIONS 

According to the discussed results, several conclusions can be extracted, these are: 

1- Evaporating temperature is an important operating parameter that influences the system 

performance. An increase in evaporating temperature affects the COP of the system negatively. 

The refrigeration capacity is increased from 2.7 kW to 4.4 kW as the evaporating temperature 

increased from 3 to 18℃. The power consumption is increased from 0.89 kW to 1.08 kW as the 

evaporating temperature increased from 3 to 18 ℃.  Consequently the COP of the system was 

increased from 3.068 to 4.117, as the evaporation temperature increased from 3 to 18℃. 

2- The refrigerating capacity was decreased from 3.5 kW to 3.225 kW with increasing the 

condensation temperature from 35 to 45℃. The power consumption is increased from 0.897 kW 

to 1.031 kW as the condensing temperature increased from 35 ºC to 45 ºC. Consequently the 

COP of the system is decreased from 3.89 to 3.1. 

3- Increasing the collector heat gain leads to decrease the compressor power consumption from 

1.05 kW when the heat gain of 0.255 kW at a solar radiation of 300 W/m
2
 to 0.7 kW when the 

heat gain of 1.9 kW at a solar radiation of 1000 W/m
2
, consequently the COP increased from 

3.15 to 4.8. 
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NOMENCLATURE 

A= area, m
2
.           

Cp= specific heat at constant pressure , kJ/kg 
o
C.                                         

C= clearance volumetric ratio, dimensionless.          

D= Bore of compressor, m. 

FR= collector heat removal factor, dimensionless.           

H= specific enthalpy, kJ/kg.                    

I= solar radiation, W/m
2
.  

L= Stroke of compressor, m. 

 ̇= mass flow rate, kg/hr.  

N= Rotational speed of compressor, rpm. 
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n= polytropic index of compressor, dimensionless.                

P= pressure, Pa.              

Qu= useful Energy gain/rejected, Watt.  

T= temperature, 
o
C.                

Wcomp= compressor power consumption, kW.                                                 

U = Overall heat transfer coefficient, W/m
2 o

C. 

Greek letter                                                                                                                   

= Specific volume, m
3
/kg. 

Efficiency, dimensionless.                                                                                                                  

ϵ= Effectiveness, dimensionless.                                                                                                
𝜌= Density, kg/m

3
.                                                                                                                          

= Transmitance – absorptance, dimensionless. 

Sub-Script                                                                                                                                         

i  Inlet , inner                                                                                                                            

o Outlet , outer                                                                                                                           

r Refrigerant                                                                                                                           

w Water                                                                                                                                    

m Mean                                                                                                                                     

u Useful 

 

 

 

 

Table 1. Governing Factors for Parametric Study. 

Parameter to be 

explored 
Minimum value Maximum value 

Governing 

element 

Refrigerant 

mass flow rate 

kg/hr 

40 80 
Air-conditioning 

loop 

Set room 

temperature ºC 
15 30 

Air-conditioning 

loop 

Ambient 

temperature ºC 
40 50 

Air-conditioning 

loop 

Radiation 

intensity W/m
2
 

400 1000 Solar collector 
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Table 2. Temperature distribution for the studying apparatus 

Symbol Meaning 

1 Compressor suction 

2 Compressor discharge 

3 Condenser inlet 

4 Condenser outlet 

5 Evaporator inlet 

6 Evaporator outlet 

7 Water outlet of the storage tank 

8 Water inlet of the storage tank 

9 Water outlet of the condenser 

10 Water inlet of the condenser 

11 Water outlet of the evaporator 

12 Water inlet of the evaporator 

 

 

 

 

Figure 1. Monthly mean variation of a global solar radiation, bright sunshine, 

 clearness index and S/Smax for Baghdad station 

 AL-Salihi Ali et al, 2010. 
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Figure 2. Monthly mean variation of  maximum temperature, relative 

and relative humidity for Baghdad station 

Al-Salihi Ali et al, 2010. 
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Figure 3.  System configuration used in the simulation. 

 

 

 

 

 

 

 

 

 

 

 

 

Part Device and Specification 

T1-T12 Thermocouple (K-type) 

P1,P2 Bourdon Tube pressure gauge 

F1-F3 Flow meter 

W Digital power meter model DW-6163 

PID Heater temperature controller 

 



Journal of Engineering Volume   22  August  2016 Number 8 
 

 

 

189 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

Start 

Input Data: 

�̇�𝒓  , Tin room  , Tambient , Ir , Plow ,Phigh   

Calculation of 

T1, T2, T3, T4, T5  

Calculate: 

h1 , h2, h3, h4, h5 

Calculate: 

Qcond , Qevap ,Wcomp , Qgain 

Calculate: 

COP 

End 

Figure 4. Program Flow Chart. 
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Figure 5. The P-h diagram of Solar Assisted air conditioning system 
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Figure 6. Variation of compressor power 

and COP with evaporator temperatures. 
 

 

Figure 7. Variation of condenser heat 

transfer rate and cooling capacity with 

evaporator temperatures. 
 

 

 

 

 

 

Figure 8. Variation of compressor power 

and COP with condensing temperatures. 

 

 

 

Figure 9. Variation of condenser heat 

transfer rate and cooling capacity with 

condensing temperatures. 
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Figure 10.Variation of compressor power 

and COP with refrigerant mass flow rate. 

 
 

 

Figure 11. Variation of condenser heat 

transfer rate and cooling capacity with 

refrigerant mass flow rate. 

 

 

 

 

Figure 12. Variation of heat gain with solar 

radiation intensity. 

 

 

 

Figure 13. Variation of power consumption 

and thermal performance of the system with 

solar radiation intensity. 
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A. The power consumption 

 

B. COP 

Figure 14. Comparison between the 

experimental and theoretical regarding the 

influence of evaporator water temperature 

on: A. The power consumption   B. COP 

 

 

 

 

 

A. The power consumption 

 

B.COP 

Figure 15. Comparison between the 

experimental and theoretical regarding the 

influence of condensing temperature on: 

A. the power consumption   B. COP 
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A. Power consumption 

 

 

B. COP 

 

 

C. Cooling capacity 

Figure 16. Comparison between the experimental and theoretical regarding the influence of 

refrigerant mass flow rate on: A. the power consumption   B. COP   c. the cooling capacity 
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