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NOMENCLATURE 

  

COP              : Coefficient of performance 

h                    : Enthalpy(kJ/kg) 

hm                 : Enthalpy of the mixture (kJ/kg) 

I                    : Current (amp) 

m&                  : mass flow rate (kg/sec) 

Pt                  : Total pressure (kPa)  

qe                  : Refrigerating Effect (kJ/kg) 

Qe                 : Refrigeration Capacity (kW) 

T                   : Temperature (oC) 

Te                  : Evaporation temperature (oC) 

Tc                  : Condensation temperature (oC) 

 V                  : Volt   

W                  : Compression work (kJ/kg) 

  Ø               : Phase angle  

 

           

            SUBSCRIPTS 

 

c                  : Condenser  

e                  : Evaporator  

m                 : Mixture 

t                   : Total 
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ABSTRACT  
 
 

    The main purpose of this experimental study is to investigate the performance 

changes of a one ton split air conditioning unit upon replacing R22 with LPG refrigerant 

and in the same time powered with solar energy instead of mains electricity. It is 

knowing that A/Cs power consumption have a large share of total building energy 

sector. The environmental effect of HCFC's on Ozone Depletion necessitates the use of 

a refrigerant to replace R22. 

 

 The performance of one ton split unit powered with solar energy was investigated 

experimentally. In this work, the refrigerant used first was R22 and then replaced by 

LPG (a mixture of propane 30% and butane 70%). An inverter using DC from batteries 

was used to power the usual air conditioning unit. Parameters such as COP, Capacity, 

mass flow rate of refrigerant and power of the compressor, evaporation temperature Te, 

and condensing temperature Tc were dependent parameters performance curves for R22 

and LPG were presented. Comparisons between those parameters were also made when 

the solar energy was used as the source of power. 
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 Experimental results show that solar energy system using deep cycle batteries with 

inverter is an attractive substitute for the mains power; the performance curves indicated 

an acceptable performance of the unit. 

For the high consumption of energy compared with that generated by the 12–PV 

modules used, cut off and cut in voltage was experienced by the system. Also the results 

showed that there was no difference in the performance of the unit when using the same 

refrigerant and changing the source of power from mains to solar power. LPG was 

found to have lower COP compared to R22 by 40%. The results indicated that using 

LPG as refrigerant is more suitable than R22 when solar power system is used. 
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CHAPTER ONE 

INTRODUCTION 

 

In 1987, the Montreal Protocol, an international environmental agreement established 

requirements for the worldwide phase out of ozone depleting HCFCs, so the research in 

the air conditioning field has been actively engaged to reduce the emission of gases 

related to the ozone depletion and greenhouse effect and the researchers began to find 

alternatives refrigerants.  

 

     Alternative refrigerants must have suitable physical and thermodynamic properties, 

chemical and thermal stability, good miscibility with the used lubricant low toxicity and 

low flammability. Hydrocarbon refrigerants are considered as a good alternative to 

replace R22.  

 

     Many experimental studies were conducted to investigate the performance of HC 

refrigerants in refrigerators, A/Cs and heat pump systems, and they found that using a 

mixture of propane (R290) and butane (R600) is the best alternative to replace R22. The 

only problem is flammability of HC and this may be ignoring when the amount of 

charge of HC in the system is so small.  

 

This work studies the performance of an air conditioning split unit with one ton 

capacity when it is powered by solar energy and replacing the refrigerant R22 with a 

mixture of propane (R290) and butane (R600) called LPG experimentally and compares 

it with the performance of the split unit when using R22 under same conditions. The 

optimum amount of charge of LPG for a one ton of refrigeration A/C unit was found 
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experimentally. The effect of the variation of power from solar energy on using R22 and 

HCs mixtures was investigated. The dependent variable were listed as: cooling capacity, 

refrigeration effect, power, compressor exit temperature, mass flow rate of refrigerant, 

and COP. Air supply temperature, the evaporation temperature (Te), condensing 

temperature (Tc), room temperature and ambient temperature were used as independent 

variables. 
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CHAPTER 2 

LITERATURE REVIEW  

 

      CFCs and HCFCs are widely used as refrigerants in air conditioning and 

refrigeration system. They provide the characteristics and properties need for good 

performance. However they are not environmentally friendly as they have a damaging 

effect on stratosphere ozone layer. This damaging effect was the incentive for scientists 

and engineers to search for substitutes that do not have those bad effects on 

environment. 

 

      During the last few years several research works have been conducted to study the 

physical and thermodynamic properties, system performance and environmental effect 

for different alternative refrigerants. 

 

     Here the work of some researchers on the subject of refrigeration and air 

conditioning and their efforts to find the environmentally safe alternative refrigerants 

for the used refrigerants will be shown. 

 

Abuzahra (1994) investigated experimentally the performance parameters of methane 

gas when it replaces R22 in a window-type air conditioning unit of 17000 Btu/h (1.4 

ton).The performance parameters investigated in the work are cooling effect, COP,  

work of compression, mass flow rate per kilowatt of cooling capacity, cooling capacity 

and the evaporator air outlet temperature. All parameters for the refrigerants used are 

plotted versus variable values of evaporating temperature and the charge quantity of 

LPG at constant condenser temperature of 35 oC. Then these parameters are compared 
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with those of the original refrigerant R22 to decide if it is suitable or not. The unit was 

charged with 120 g of methane. All measurements were taken at seven different values 

of Te. The methane cycle used in that work did not reach the saturation region; it cooled 

and heated the superheated gas. The results of the work indicated that methane gas 

cannot be used as alternative refrigerant for R22 in this type of air conditioning units 

due to compressor overheating which makes the work of compression very high while 

the cooling effect is very small. This results in a very small value of the coefficient of 

performance. The liquefied petroleum gas, LPG, is also used in the work as replacement 

of R22. Six different charge quantities of the LPG were used in the work with 

300,400,450,500,550and 600 g for each charge; all measurements were taken at 

different values of Te. He concluded that the optimum charge quantity of the LPG is 500 

g at which the coefficient of performance is the best and the air temperature coming out 

from the evaporator is the nearest to that when R22 is used, also as Te increase the 

values of q, COP, Q and To increase while the value of W and m&  decrease either when 

R22 or LPG is used. 

 

Purkayastha and Bansal (1997) studied experimentally the performance of hydrocarbon 

refrigerants propane and liquefied petroleum gas (LPG) mix as suitable replacements 

for refrigerant R22. Experiments were carried out in a laboratory heat pump 

refrigeration test apparatus with maximum heating capacity of approximately 15kW. It 

consists of semi-hermetic compressor, thermostatic expansion valve, a receiver and 

accumulator. The secondary heat transfer fluid was water in the condenser and glycol-

water mixture in the evaporator.  The experiments were carried out with R22, HC-290, 

and LPG mix using the test facility as heat pump varying the evaporating temperature  
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(-15 to +15 oC) while maintaining a constant condensing temperature at 35, 45 or 55 oC. 

The test data were recorded for each condensing temperature and corresponding 

evaporator temperature. In the case of a mixture the condensing or evaporating 

temperature was calculated by averaging the bubble point and dew point temperatures. 

Their investigated parameters including the COP, volumetric refrigeration capacity, 

condenser capacity, discharge temperature, power input to the compressor and the mass 

flow rate of the refrigerant. They found that COP with hydrocarbon refrigerants (HC-

290 and the LPG mix) is higher than R22 about 18% and 12% at Tc = 35 oC and Te = 

3oC, for volumetric refrigeration capacity R22 offer higher volumetric capacity than HC 

refrigeration, the volumetric capacity of the LPG is higher than HC290 but for 

condenser capacity HC290 is seen to offer lower condenser capacity than R22 and the 

LPG mix. Also they found that the discharge temperature with HC-290 and LPG mix 

was much lower than with R22 over the entire range of operation, for the mass flow rate 

the refrigerant R22 was higher for about 50% and 44% than HC-290 and the LPG mix. 

They concluded that HC refrigerants performed better than HCF22 but with small loss 

of condenser capacity, also they found that the performance of the specific LPG mix 

was better than HC290 at higher condensing temperature but poorer at a lower 

condensing temperature. The study reveals that LPG (mixture of propane, ethane and 

iso-butane) can be a good refrigerant in heat pump refrigeration application. 

 

Hammad and Alsaad (1998) studied experimentally the performances of domestic 

refrigerator when four ratios of propane, butane and isobutene are used as possible 

alternative replacements to the traditional R-12 refrigerant. They used domestic 

refrigerator with capacity 320 l, the compressor used is of reciprocating, hermetically 

sealed type with displacement volume of 8 cm3. Three type of experiments were 
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performed, the evaporator temperature variation test, the condenser temperature 

variation test and the cooling rate test. The refrigerator was charged and tested with 

each of four hydrocarbon mixtures that consist of 100% propane, 75%propane-

19.1%butane- 5.9%isobutane, 50% propane -38.3%butane-11.7% isobutene and 25% 

propane – 57.5% butane- 17.5% isobutene. They investigated the evaporator capacity, 

the compressor power, the COP and cooling rate characteristics. They found that the 

hydrocarbon mixture with 50% propane - 38.3% butane - 11.7 % isobutane is the most 

suitable alternative refrigerant with the best performance among all other hydrocarbon 

mixtures investigated. Also results show that refrigeration's capacity, mass flow rate, 

compressor power and COP increase when Te increases for all mixtures. They 

concluded that 100% propane mixture has the highest COP values among all 

hydrocarbons tested; no problems have been encountered with the compressor. Also no 

degradation of lubricating oil could be detected after the refrigerator worked for about 

4000 h using the same oil.         

 

Chang and Kim (1999) investigated experimentally the performance of heat pump 

system using hydrocarbon refrigerants, single component hydrocarbon refrigerants 

(propane, isobutene, butane and propylene) and binary mixtures of propane/isobutene 

and propane/butane are considered as working fluids in a heat pump system and 

compared with that of R22. They used for the experiment an apparatus which is 

composed of major components; compressor, condenser, expansion valve and 

evaporator and auxiliary devices for circulating and controlling the temperature of the 

secondary heat transfer fluids. The cooling capacity and (COP) at several compressor 

speeds and as a function of condenser inlet temperatures of the secondary heat transfer 

fluid are presented. The experimental work showed that cooling capacity increase with 
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increasing the compressor speed while COP decrease, also R1270 has a comparable 

cooling capacity to R22 and the cooling capacity of R290 is 14% less than that of R22 

at a compressor speed of 1100 rpm. R1270 and R290 have a slightly higher COP than 

R22 while R600a and R600 show lower cooling capacity and COP than R22 with 

variation of compressor speed. When they represented cooling capacity and COP with 

condenser inlet temperature they found as the temperature increase the cooling capacity 

and COP decrease and R1270 and R290 have higher COP than R22 but its lower for 

R600 and R600a compared of R22. For refrigerant mixtures they found as the 

concentration of R290 increases the cooling and heating capacity increase. For mass 

percentage of 50% of R290 in R290/600a mixture the cooling COP is enhanced by 

about 7% and the maximum increase occur with 11% for R290/600 at composition of 

75/25 by mass percentage. They concluded that capacity and COP of R1270 are slightly 

greater than that of R22 which is an indication of a possible alternative for air 

conditioning and heat pump application.  

 

Hammad and Tarawnah (2000) studied the performance of 2.5 ton split air conditioning 

unit when it replaces R22 with mixture of both butane and propane with different ratios. 

The percentage of propane was used as a variable, COP compressor exit temperature 

and evaporator pressure were taken as dependent variable. The unit was replaced by five 

different hydrocarbon mixtures which are 100%, 90%, 70%, 50%, and 40% of propane 

with percent of butane .The mineral oil, naphthalene based oil, which was used with 

R22, was also used with the hydrocarbon mixtures. All experiments were performed for 

the purpose of comparison at constant evaporating temperature around 1 oC. They found 

that the mixture of 90% propane gives equal pressure as R22 with higher COP while the 

mixture of about 60% propane gives equal COP, but lower pressure. The capacity and 
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compressor work decrease with propane percentage increase. Also they investigated that 

the evaporation pressure increases with the increase of the propane percentage in the 

mixture, while the R22 evaporation pressure coincides with that of 90% propane 

mixture. They concluded that all mixtures of propane and butane can be used as 

possible alternative refrigerants to R22 and 100% propane mixture has the highest COP 

values among all hydrocarbons. They selected 90% propane mixture to be the most 

suitable alternative refrigerant to R22 based in both higher COP and equal saturated 

pressure match without any modifications or adjustments were made to the A/C.  

 

Jawad (2000) studied the performance of domestic refrigerator when R12 was replaced 

with mixture of propane /butane (50%/50%). The refrigerator was charged with four 

different charge amounts of the mixture. The performance of the best charge quantity 

was compared with that for R12. The results showed that the best performance was for 

90g charge mass and it gave 15% saving in input power. COP of 4.75 at Tc of 33 oC, Te  

of -15 oC and Ta of 18 oC was obtained which is higher than that of R12 by 10.2%. He 

concluded that hydrocarbon blend of propane/butane (50/50) is an attractive substitute 

for R12. 

 

Sleiti (2001) developed a computer algorithm to study the performance of two ton split 

A/C unit working on R407C. The algorithm covered both theoretical and actual vapour-

compression cycles. He used Matlab software version 5.1 to build the equations for the 

following properties, enthalpy, entropy and specific volume in liquid and vapor phases 

as function of pressure or temperature for saturated properties and as function of 

pressure and temperature for the superheated properties of the refrigerant. Polynomial 

of the third order was used for saturation and superheated properties, while a second 
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order polynomial was used to represent the superheated enthalpy. He compared between 

the theoretical vapor- compression cycles and the actual cycle. Volumetric efficiency, 

mass flow rate, compressor discharge temperature, refrigeration capacity, compressor, 

heat rejection rate and COP the parameters were investigated and compared for 

theoretical and actual cycle. The results shows that the volumetric efficiency increases 

as Te increases for constant Tc and decrease as Tc increase for constant Te and there is a 

slight difference between the volumetric efficiency of theoretical and actual cycles. 

Mass flow rate, compressor power, capacity, heat reject and COP increase with 

increasing Te but exit temperature reduce. Also exit temperature, compressor power 

increase with increasing Tc but mass flow rate, capacity, heat rejected and COP decrease 

as Tc increasing. He concluded that the computational model can be helpful in testing 

the refrigeration systems using the mixture, the COP trend the same for theoretical and 

actual cycle with a deviation ranged from 3% to 18% and results indicated that the 

refrigerant R407C is a suitable replacement for R22 in A/C split unit.  

 

Nofal (2004) studied the performance of chest freezer when a propane/butane mixture 

is used as substitute refrigerant to R-134a. The best charge quantity is determined and it 

performance was compared to that of R-134a. The results showed that LPG refrigerant 

has higher COP than R-134a by 20%, lower refrigeration capacity and slightly lower 

power consumption. He concluded that it is successful use of LPG mixture as an 

alternative refrigerant to R-134a in chest freezer.  
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Devotta et al (2005) studied the performance of a 5.13 kW window air conditioner 

designed for R22 when it replaced with R-290 (propane). The performance of air 

conditioner with R-290 is compared with the performance of R22. The air conditioner 

was tested in a chamber consists of two rooms of equal size, one on evaporator side and 

the other on condenser side. The conditions of the air in both rooms were done using the 

dehumidifiers, air heaters and humidifiers for operating in lower and higher conditions. 

The A/C was charged with R-290 without changing oil in the compressor. Also 

simulation of computer model "EVAP-COND" was used to determine the capacities of 

the evaporators and the condenser with R22 and R-290. They concluded that R22 gave a 

cooling capacity of 5.085 kW for the lower operating conditions and 4.111 kW for the 

higher operating conditions. For R-290 it was 6.6% lower cooling capacity for the lower 

operating conditions and 9.7% lower for the higher operating conditions with respect to 

R-290 .The energy consumed by the system with R-290 was lower for all operation 

conditions than R22 because of lower pressure ratios for R-290 than R22. The 

coefficient of performance for R-290 was 7.9% higher for the lower operation 

conditions and 2.8% higher for the higher operating conditions. The decrease in COP at 

higher operating conditions is due to decrease in heat transfer rates in the condenser and 

the compressor performances.R-290 had lower discharge pressures than R22 in the 

range 13.7-18.2% for all operation conditions and pressure drops of R-290 were lower 

than R22 for all tests .Also simulation results gave R-290 had lower cooling capacity 

with range 7.2-13% for all operation conditions and evaporating pressures for R-290 are 

lower in the range 2.1-3.3% than R22. 
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Park and Jung (2006) studied the thermodynamic performance of two pure 

hydrocarbons and seven mixtures composed of propylene (R1270), propane (R290), 

HFC152a and (RE170, DME) in residential air- conditioners. These fluids all have no 

ozone depletion potential and also offer relatively low GWPs of less than 60 and hence 

can be used as long term candidates. Heat pump with capacity of 3.5 kW was used in 

the experiment; the evaporator and condenser were manufactured by connecting eight 

pieces of pre- manufactured double tube commercial pipes in series. Both evaporator 

and condenser were designed to be passed through the inner tube while the refrigerant 

flowed through the annulus; water was used as the secondary fluid for both evaporator 

and condenser. Various performance characteristics of the refrigerants were measured.  

Experimental results showed that COPs of all alternative refrigerants are up to 5.7% 

higher than that of R22 except that the COP of R1270 is 0.7% lower than of R22. 

Propane showed 11.5% decrease in capacity as compared to R22 while R1270 showed 

5.8% increase in capacity. 50%R1270/50%R290 and 60%R290/40%R152a showed 

almost the same capacity as that of R22.All alternative fluids tested in the study showed 

11-17 oC  decrease in compressor discharge temperature and about 55% decrease in 

charge compared to R22. 

 

Jabaraj et al (2006) studied the possibility of using HFC407C/HC290/HC600a 

refrigerant mixture as a substitute for R22 in a window air conditioner and to evolve an 

optimal composition for the mixture. HC blend considered of 45.2% of HC290 and 

54.8% of HC600a. They conducted experiments for the mixtures containing 10, 15, 20, 

and25% HC blend by weight in HFC407C and they referred as M10, M15, M20 and 

M25. The experimental setup consists of a room calorimeter, a window air conditioner 

of 1050 W capacity and instruments. The walls of room calorimeter were insulated with 
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glass wool; in order ton maintain the heat infiltration to be less than 5% and inside the 

room there was a heater with 2 kW capacity to be as source for cooling load .     The 

condenser surface area was increased by 19% for the mixtures to control the increase in 

discharge pressure and maintained it within 27 bar. The charge quantity, the capillary 

length and diameter, the mixture composition and the condenser length were the 

variables in the experiment. The condenser inlet air temperature was varied from 30 oC 

to 45 oC in step of 5 oC whereas evaporator inlet air temperature was varied from 21 oC 

to 29 oC in step of 2 oC for each condensing temperature. Firstly the optimal capillary 

and optimal charge were found for R22 and then the performance study of the system 

was carried out for various sets of condenser and evaporator inlet air temperatures, 

secondly the optimal capillary and charge were carried for the mixtures  and also the 

system performance study were repeated with mixtures  M10, M15, M20 and M25 . 

They concluded that COP of M20 is 8.19 to 11.15% higher than that of HCFC22 at 

various condenser inlet air temperatures and the power consumption of M20 was 2.34 to 

10.45% higher than that of R22 also the oil miscibility of M20 with mineral oil is 

ascertained. So among the mixtures considered M20 would be the best choice for R22 

window air conditioners without changing the mineral oil.  

This work will concentrate on using solar energy as a source of power to compare the 

performance of R22 and LPG, an optimum amount of charge of LPG (propane and 

butane) at 30%, 70% respectively for a 1 Ton of refrigeration A/C unit without 

modification will be found. The effect of variation of power from solar energy on using 

R22 and LPG will be investigated. The variation of refrigeration effect, cooling 

capacity, compressor power, compressor exit temperature, COP, mass flow rate of 

refrigerant and heat reject with the evaporation temperature and condensing temperature 

will be investigated 
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CHAPTER THREE 
 

                            PHOTOVOLTAIC SYSTEM 
 

 

3.1 Solar Energy 

     Solar energy is classified as most important source of renewable energy, while solar 

energy is not being used as a primary source of fuel energy at the present time, a large 

research and development were made to develop economical system to harness solar 

energy and make it a major source of fuel energy, particularly for the heating and 

cooling of buildings.  

 

3.2 Conversion of Solar Energy  

     Solar energy can be converted directly into other two forms of energy:  

- Thermal process  ( absorption of solar radiation and conversion of this 

energy into thermal energy) 

- Electrical process ( production of electricity by photovoltaic or solar cell)  

 

3.3 Solar Air Conditioning 

      Solar air conditioning refers to any air conditioning (cooling) system that uses solar 

power. This can be done through passive solar and active solar such as photovoltaic 

conversion (sun to electricity), or solar thermal energy conversion  
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3.4 Solar Collectors  

        Type of solar energy collection system can classified as: 

1) Solar cell that produces DC electricity directly from the electromagnetic energy of 

the sun  

2) The system that produces low temperature thermal energy  

3) The system produces high temperature thermal energy to generate electrical 

energy. 

  

      First system was used in this experiment to give the air condition its power, this 

power is not constant and it changes over the day.  

 

3.5 Types of Solar Cooling  

• Absorption cooling  

It was the first type of air conditioning used to adjust the indoor climate; it's driven 

by heat rather than electricity. Absorption is the process of attracting and holding 

moisture by substances called desiccants. The Desiccant removes most of air's 

moisture making it seems cooler. 

• Heat engine cooling  

In this system solar collector are used to heat the working fluid and the working 

fluid can be used to drive a Rankine cycle heat engine. The system has to be 

relative large in order to provide a useful amount of cooling 

• Photovoltaic powered cooling  

In this method, PV is used to generate power for air conditioning systems  
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3.9 Stand Alone PV systems  

    Stand alone PV systems are also known as autonomous system. In a typical stand 

alone PV system the DC electricity produced by the modules is used to charge batteries 

via solar change controller. If AC mains voltage appliances are to be powered, this is 

done via an inverter connected directly to the batteries. The inverter used in stand alone 

systems convert DC electricity to AC    

 

3.9.1 Stand Alone PV system components  

� Modules and arrays  

The PV modules in a stand alone PV system must produce enough electrical energy 

to power all the electrical appliances system. The PV modules need to be configured 

to match the system DC voltage, which is determined by the battery. System 

voltages are usually 12 VDC or 24VDC and on large system 48VDC. The operation 

voltage of the PV modules in stand alone PV system must be high enough to charge 

the batteries. A 12 V battery needs a voltage of 14.4 V to charge it. The PV modules 

must deliver this voltage to the battery after power losses/ voltage drop incurred in 

cables and across charge controller. For a 12 V battery this is 36 crystalline silicon 

solar cells and for a 24 V battery this is 72 cells (or 2*36 cell module connected in 

series) with knowing that each silicon cell produced approximately 0.5-0.6 VDC. 

 

� Charge Controller  

 The function of the charge controller is to protect the battery and ensure that is that 

it has as long a working life as possible. Batteries are very sensitive to being over 

discharge and over charging. The main functions of charge controller are to:   
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1) protect battery from over discharge usually a low  voltage disconnect (LVD) 

disconnect the battery from the loads when battery voltage reaches a level which 

indicates it has reached a certain depth of discharge 

2) Protect the battery from over charging.   

3) Prevent current flowing into PV array at night  

Charge controllers are rated and sized by the array current and system voltage, so if 

we have modules produce total current 20 amp to 24 V system we increase the 

controller amperage by a minimum of 25% because of light reflection and the edge 

of cloud effect to be the best choosing is 25 amp and 24 volt charge controller. 

There is no problem going with a 30-amp or larger charge controller but with  24 V 

controller. 

 

� Batteries   

      The rechargeable batteries in stand alone PV systems need to have large 

capacity to insure long working lives under conditions of daily charging and 

dicharging batteries which can do this are known as deep cycle batteries. Several 

batteries together are usually reffered to as a battery bank  

 

      Major Batteries type by application   

- SLI or automotive are desighned to deliver heavy starting currents for a 

short period of time not for the cycle regime of stand alone PV system or 

deep cycle use so are not suitable. SLI batteries have many very thin plates 

with a large surface area densign to be discharge no more than 1 to 5% 

from full charge. Starting batteries are uaually rated at "CCA" or cold 

cranking amps, this mean they are not deep cycle batteries. 
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- Deep cycle batteries which design to put 80% of their capacity time after 

time without damage and have much thicker plate than SLI batteries. 

Automotive batteries (SLI) can be severely damaged if heavily discharge 

after time. Industrial deep cycle batteries called fork lift  

- Marine deep cycle batteries are actually hybrid and fall between deep cycle 

and SLI    

     Also batteries can be divided by construction to:  

- Flooded, these batteries may be standard or the so called maintance free  

- Gelled, it contains acid that has been gelled. The avdantage of these 

batteries is that it is imbossible to spill acid even if they are broken-the 

disadvantage is that they must be charged at a slower rate and the current 

must be limited to the manufacturer's specifications. 

- AGM (Absorbed Glass Mat). AGM batteries are also sometimes called dry. 

These type of batteries act just like gelled, but can take much more abuse 

and have several advantages over both gelled and flooded. They cost 2 to 3 

times as much as flooded batteries of same capacity. 

      Capacity of Deep Cycle Batteries  

               The electrical storage capacity of a battery is measured in amp-hours(Ah). 

This indicates how many hours a specific current can be delivered by fully charged 

battery before it is discharged. This can be converted into watt –hour by multiplting 

the battery AH by its voltage. This because at low discharge currents more 

electricity can be delivered by battery than at high discharge currents.  
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       Battery Life  

      Charging and discharging a battery is known as cycling the battery and the 

number of cycles batteries can withstand is known as the batteries cycle-life. 

Batteries should never be fully discharged. For a deep cycle battery this is typically 

80% depth of discharge. Less depth of discharge means last longer still and more 

cycle-life for battery. 

 

� Inverters in stand alone systems  

Inverters are rated in watts and the nominal rated should be sufficient to power all 

the AC appliances. Inverter must have low power consumption in stand, high 

efficiency and has a DC input range that takes into account changing battery 

voltages.  

 

3.9.2 Stand Alone PV Systems Sizing  

� Sizing stand alone PV arrays 

WPV = E / (G ×ηsys) 

Where:  

WPV = Peak wattage of the array (Wp) 

E = The daily energy requirement in watt-hour (load) 

G = Average daily number of peak sun hour in the design month for the inclination and 

orientation of the PV array. 

Total system efficiency can be calculated as follow: 

  ηsys = ηPV × ηPV-BATT×ηCC×ηBATT×ηDIST×ηINV  

    Where: 

ηPV = 20% to account for the PV modules not operating at MPP hence 0.8 
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ηPV-BATT = 2% losses due to voltage drop in cables from PV array to battery hence 0.98 

ηCC   = 2% losses in good quality charge controller hence 0.98 

ηBATT = 10% battery losses hence 0.9 

ηDIST = 2% losses in distribution cables from PV battery to load hence 0.98 

ηINV  = 10% losses in a good quality inverter hence 0.9 

 

� Battery Sizing  

       The battery need to be sized to store not only daily energy requirement, but also 

several days extra. This is to provide energy during over cast days. The following 

formula can be used: 

             Q= (E × A) / ( V × T ×ηINV  × ηcable ) 

   Q = minimum battery capacity required in amp-hour  

   E = the daily energy requirement in watt-hour  

   A = the number of days of storage required  

   V = the system DC voltage (V)  

   T = the maximum allowable depth of discharge of the battery  

   ηINV = inverter efficiency  

   ηcable  = the efficiency of the cables delivering the power from battery to loads  

  If there is an electrical appliance with rating power consumption of 1000 W 

  So for four hour, then the daily energy consumption = 4 × 1000 = 4000 W 

  A= 1 for one day  

  V= 24 V  

  T = 0.9 the depth of discharge of the battery  

  ηINV = 0.9 
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     ηcable = 0.97 

    Q = (4000 × 1)/ (24×0.9×0.9 ×0.97) = 212 Ah  

 

     Battery with 212 Ah at 4 hour rate is selected and here because of 24 V systems, two 

batteries 12 V were used. Each battery has relationship between discharge time and the 

nominal capacity ampere hour, this explains in catalogue of battery as figure or tables. 

If four batteries is used then 106 Ah at 4 hour rate is selected to give 24 V systems. 
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CHAPTER FOUR 
 

EXPERIMENTAL SETUP AND EXPERIMENTAL 
                                   WORK PROCUDRE 

 
 

4.0 Introduction   

Experimental work was divided into three parts and here below the details of these 

parts of experiments. 

 

  4.1 First Part 

   In this part mains electrical power and R22 as refrigerant were used to study the 

performance of the split air conditioner, it was charged with 960g as mentioned 

with manufacture, all performance parameters such as: capacity, refrigeration 

effect, power, mass flow rate and COP were studied as dependant variables. Time 

from 10:00 AM to 5:00 PM evaporation temperature (Te) and condensing 

temperature (Tc) variation test were considered. 

 

4.1.1 Specification of the Air Conditioning Unit 

 Table (4.1) below shows the specification of the air conditioning unit used as 

supplied by the manufacturer.  

Table (4.1) Specification of air conditioning unit          

Type  Split unit (CHIGO) 
Model  KF-32GW/Ac 
Voltage  220-240/50/1 
Capacity 12000 BTU ( 3.5kW) 
Power input 1250 W (cooling mode) 
Operating current 5.6 Amp  
Refrigerant  R22 
Indoor unit  Three speed fan 
Air flow 550 m3/h 
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4.2 Second part 

       Here the usual split air conditioning unit was used without modification. Figure 

(4.1) shows the solar system used to feed the air conditioning unit with power; Inverter, 

batteries and charge controller were used in this system to store the DC energy from 

modules in the batteries and then to invert it to AC power by inverter. R22 was used in 

this part as a refrigerant, all performance parameters were conducted with variation of 

time, Te and Tc variation test. 

    

   Figure (4.1) Solar system with inverter  

    

 4.2.1 Inverter 

 Inverter mass sine 24/1500-230V/50Hz with nominal battery voltage 24 V, Low battery 

volt switches off at 19V; ±0,5V and low battery volt switch on at 22 V with efficiency 

92% and nominal capacity of 1200 VA and peak power 2900 VA was used in the 

experiment. 
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4.2.2 Battery 

   Two battery type OUTDO model OT120-12 deep cycle lead acid with nominal 

voltage 12V, rated capacity (1,3,10 hour rate) equal 72Ah, 95Ah, 120Ah and initial 

charging current less than 36 A. These specifications are denoted by the manufacture. 

  

4.2.3 Charge controller 

    A 30-amp charge controller model Prostar -30 version PS-30M was used with system 

voltage 24. 

 

4.3 Third part  

 In this part tests were performed on LPG mixture with solar energy, the same as the 

second part, the air conditioning was evacuated from R22. The system was charged with 

(150,200,250,300,350,400,500,650g) of LPG mixture and all calculations were 

competed to get the COP and this done to determine which charge quantity gives the 

best system performance, then the pest one was charged and the same parameters were 

studied as second part. 

 

4.4 Instrumentation and Procedure 

       To determine the performance of the unit the following parameters must be 

measured: Temperature, pressure (low and high), power consumption and 

refrigerant mass flow rate. 
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4.4.1 Temperature Measurement 

The temperature readings were measured by copper-constant thermocouples, type 

K which was connected to a microprocessor. Thermocouple wires were fixed to 

eleven locations at which temperatures have to be measured. Figure (4.2) shows 

these locations. 

       

     Figure (4.2) Measuring location of the test air conditioning 

The thermocouples were fixed in certain points in the system by a tape, then it well 

insulates to obtain a good results. These points as shown in figure (4.2) are: 

1. Suction of the compressor T1 

2. Discharge of compressor T2 

3. Midpoint of the condenser T3 

4. Outlet of the condenser T4 

5. Inlet on the evaporator T5 

6. Midpoint of the evaporator T6 

7. Outlet of evaporator   T7  

8. Ambient temperature T8 

9. Air temperature out of condenser T9 

10. Inside air temperature  T10  

11. Air temperature out of evaporator T11 
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  4.4.2 Pressure measurement 

Suction line of the compressor and discharge line are two points were the pressure 

was measured by using the pressure gage. The measuring pressure device used in 

this work is the refrigeration gage manifold. 

 

4.4.3 Compressor power consumption measurement  

 Clamp meter and Voltmeter were used to measure the current and the voltage of 

the compressor. 

 

4.4.4 Weight 

 A digital scale was used to weight the charge of the used refrigerant. It has an 

accuracy of one gram.  

 

4.5 LPG Mixture 

As mentioned by Jordanian petroleum refining site in internet, LPG bottle which is 

filled there contains 30% propane and 70% butane by mass. Many charges were 

used to determine the optimum charge. The result shows that the best amount of 

charge of the propane and butane mixture is 420 g. The same A/C unit is used in the 

tests of the two refrigerants. 
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4.6 Experimental work  

       The following tests were carried out: 

A- Solar energy variation test 

      The intensity of solar radiation increase to reach peak then it reduce, this variation 

affect the total capacity power of the modules solar system. This power store in the 

batteries then it changes through the inverter to AC power. In this test temperature at 

eleven locations, pressure and power consumption were recorded with time variation 

from 10:00 to 19:00. The state at each point in the system can be determined from 

these data. The test was done for air conditioning once with R22 and the best charge 

of LPG (420 g) once.  

   

B- Evaporation and condensation temperature variation test 

      In order to decrease the values of the condenser temperatures, water was sprayed 

through the fins by using small fan over the condenser. In order to increase the values 

of condenser temperatures speed regulator was used to change the speed of condenser 

fan motor , so as the condenser fan motor speed is reduce then the condenser 

temperature increases. When Tc was constant Te variation was conducted by reducing 

the indoor fan speed. During the period of Te variation, the temperature reading, 

pressure and power consumption were recorded.  The relation between Te variation 

and all parameters at many constant condensation temperatures was used to get the 

relation between Tc with all parameters at Te was constant. This done because it was 

difficult to control the evaporation temperature at constant value and changing the 

condensation temperature.  
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CHAPTER FIVE  
 

THEORETICAL PRESENTAION AND 
 MATHIMATICAL ANALYSIS  

 

5.1 Refrigeration Cycle 

   The vapor- compression cycle is the most widely used refrigeration cycle in practice. 

In this cycle a vapor is compressed, then condensed to a liquid, following which the 

pressure is dropped so that fluid can evaporate at a low pressure.      

 

5.2 Compression Refrigeration Cycle  

     Vapor compression cycle consist of four main parts which are evaporator, 

compressor, condenser, and expansion valve as illustrated in Figure (5.1) 

 

                           
 

            Figure (5.1) Air conditioning main parts.  

                       ( Kotza International – Le Chene- 05130 Tallard 
                         kotza@kotza .com)  
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In this study the pressure loss in both the condenser and the evaporator were neglected 

 

           

      Figure (5.2). Temperature- Entropy diagram for ideal vapor compression cycle. 

 

1-2   Compression from around saturated vapor to the condenser pressure  

2-4 Rejection of heat at constant pressure, causing desuperheating and condensation of 

the refrigerant 

4-5   Expansion at constant enthalpy from saturated liquid to the evaporator pressure 

5-1 Addition of heat at constant pressure causing evaporation to around saturated vapor 

 

5.3 Energy Balance 

 An energy balance and certain performance parameters can be derived from the 

first low of thermodynamics. Applying the steady- flow equation for the first law of 

thermodynamic at each part of the vapor compression cycle the following equations 

can be derived: 
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• Compression (power consumption of compressor) 

W= m&  (h2-h1)                                                                                       (5.1) 

• Condenser ( Heat reject)  

Q24 = m&  (h2-h4)                                                                                    (5.2) 

• Expansion valve  

    h4 = h5 

• Evaporator (capacity) 

Q51 = m&  (h1- h5)                                                                                   (5.3) 

     The heat rejected in the condenser must equal the sum of the heat absorbed in the 

evaporator and the work of compression.  

 

5.4 Coefficient of Performance (COP) 

   The coefficient of performance (COP) indicates the performance of a refrigeration 

system. A high coefficient of performance is desirable because it indicates that a given 

amount of refrigeration required only a small amount of work.  

 

                     COP =     Refrigeration effect                                              (5.4) 
                                       Net work input    
                                   

    COP =  
12

51

hh

hh

−
−

                                                           (5.5) 

 

 

 

 

A
ll 

R
ig

ht
s 

R
es

er
ve

d 
- 

L
ib

ra
ry

 o
f 

U
ni

ve
rs

ity
 o

f 
Jo

rd
an

 -
 C

en
te

r 
 o

f 
T

he
si

s 
D

ep
os

it



www.manaraa.com

30 

 

5.5 Cooling Capacity 

     The heat removed from the space is the cooling capacity of the unit and it depends 

on the actual mass of refrigerant circulated per unit of time m& . It can be calculated from 

the following equation in kW 

                    Q =   m&  (h1-h5)                                                                     (5.6) 

 

5.6 Mass flow rate of Refrigerant  

     This represents the amount of flow of refrigerant in kg per second and we can 

calculate the flow rate if we know the power consumption of the compressor in (kW) 

and ∆ h of compression process as below, and both electrical and mechanical 

efficiencies of the compressor , ( ηe ,ηm )  
 

  m& =  energy consumption in kW × (ηe × ηm )                                           (5.7) 
                         h2 - h1 

  ηe × ηm  = 0.8 ,  This value was considered because the unit is new       

 The mass of flow controls the capacity and power requirement more directly than the 

volume rate of flow. The mass rate of flow, m&  kg/s, through a compressor is 

proportional to the displacement rate in liters per second and the volumetric efficiency 

and inversely proportional to the specific volume of gas entering the compressor  

                         m&  = displacement rate × 
suc

vc

v
100

η
                                                   (5.8)  

 

As the suction pressure drops, the specific volume entering the compressor increases 

and this reduces the mass rate of flow at low evaporating temperatures. 
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5.7 Refrigeration Effect  

     Heat absorbed in the evaporator (indoor unit) from inside door air per one kg of 

refrigerant flow is called the refrigerating effect, (qe) and equals: 

            

                 qe =  h1- h5                                                                                            (5.9) 

  

5.8 Properties of Refrigerant 

      In this research we compared the performance of split unit with capacity one ton by 

using the refrigerant R22 once and LPG mixture of R290 and R600 (30%/70%) as 

alternative of R22 when the unit powered by solar energy, here Table (5.1) below, the 

most important properties for these refrigerants are shown: 

 

Table (5.1) Thermodynamic and chemical properties for R22, R290 and R600  
                  (ASHREE 1993)  
Refrigerant  R22 R290 ( propane) R600 ( butane) 

Chemical formula CHClF2 CH3CH2CH3 CH3CH2CH2CH3 

Boiling point(oC) -40.76 -42.07 -0.5 

Freezing point ( oC) -160 -187.7 -138.5 

Critical temperature ( oC) 96 96.8 152 

Critical pressure ( bar)  4974 42.54 37.94 

Latent heat of vapor (kJ/kg)  

at one atmosphere pressure  
233.51 423.3 386 

ODP 0.05 0 0 

Temperature glide (oC) 0 0 ----- 

GWP 1700 ~ 20 ~ 20 
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Molecular weight ( kg/kmol)  86.47 44.1 58.13 

Miscibility with lubricant oil 

     ( Mineral oil )  
Good good good 

Toxicity  Non – toxicity 

Reaction with water  Low which is good 

Availability  Available Available Available 

 
 
    These thermodynamic and chemical properties for HC refrigerant compared of R22 

are considered for HC to be good alternative refrigerant for R22 and this reduces 

environment effects ozone depletion and global warming. Also energy consumption of 

the system with HC is lower for all operating condition than with R22 by more than 

10%. This made driving the system by solar energy to be more effective (Devotta and 

Padalkar, 2005) and (Jabaraj and Narendran, 2006). 

 

5.9 Energy consumptions 

     Rating power consumption for any device is the amount of power consumes from 

the device by motors and electric equipments such as lights and resistances in running 

mode and this amount of power is more less than power need to start the device.  

 

       Rating Power in watt (Energy consumption) = I V cos Ø                                (5.10) 

   and:   

 Power (kW) = m&  W = m&  (h2 - h1)                                                                    (5.11)  

The power by using power meter can be measured so it becomes easy to calculate the 

mass flow rate of the refrigerant. 
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5.10 Calculations  

In the following subsections the different refrigeration quantities and parameters 

calculated are represented and discussed. 

 

5.10.1 Enthalpy calculations 

 In order to calculate refrigeration parameter cycle, enthalpies at different location in 

the cycle have to be calculated first. 

For R22 temperature and pressure values are enough to calculate the enthalpy at any 

location in the cycle using R22 saturated and superheated tables 

 One way to calculate the enthalpy of mixture of LPG (propane and butane) is to 

calculate first the enthalpies of its main constituents (propane and butane) and then 

calculate the enthalpy of the mixture using these enthalpies and the mass fraction of 

each constituent in the mixture. 

Table (5.2) Mass fractions of Propane and Butane in LPG mixture   

Component 
Mole 

fraction 

Molecular 

weight 

Mass 

(kg/kmole) 

Mass 

fraction 

Propane 0.36 44.1 15.87 0.3 

Butane  0.64 58.13 37.2 0.7 

 

 Hence the enthalpy of the mixture of 30% / 70% by mass at any state may be 

calculated using the mass fraction of each material which is 0.3 (propane), 0.7 

(butane) using the following equation: 

 

hm = 0.3 hp +0.7hb                                                                                                (5.12)                              

Where hp and hb are the enthalpies of propane and butane respectively  
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To calculate hp and hb we need to define the partial pressure for each component as 

follows: 

P (propane) = 0.36 × Pt                                                                                        (5.13) 

P (butane) = 0.64 × Pt 

 Where Pt is the total pressure of the mixture  

At point 4 where refrigerant leaving the condenser, the enthalpy was considered as 

saturated liquid enthalpy at that pressure. 

Also there was a difference in temperature of refrigerant when it was leaving the 

evaporator and entering the compressor, this increasing occurred because of losses 

through some parts of copper pipe. Prime sign was used to represent the point of 

exit evaporator so enthalpy was represented as h1' for leaving evaporator and h1 for 

entering the compressor. 

Because pressure drop across capillary occurred with constant enthalpy, so h4=h5    

 

5.11 Sample Calculation for the Mixture: 

A sample calculation is presented for the 420 g mixture charge at time 11:45 for day 

history performance of LPG as shown in appendix A 

Suction pressure = 0.152 Mpa 

Discharge pressure = 0.586 Mpa 

Exit température of evaporator = 12 oC 

Inlet temperature of the compressor = 15 oC 

Outlet temperature of the compressor = 57 oC 

Condensing temperature = 39 oC 

Outlet temperature from the condenser = 34 oC 

Evaporating temperature = 13 oC 
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Compressor current = 3.4 amp 

Voltage across the compressor= 230V 

h1'm = 0.3hp+ 0.7 hb    

Pp = Pt × 0.36 

Pp = 0.152 × 0.36 = 0.05472Mpa 

So from the P h chat of propane at T=12 oC and P= 0.05472 Mpa  

h1'p = 920 kJ/ kg 

Pb= Pt × 0.64= 0.0973 Mpa 

From the P h chart of butane at T= 12 oC and P=0.0973 Mpa 

h1'b= 700 kJ/ kg 

h1'm= 0.3 × 920+ 0.7 × 700 = 766 kJ/kg 

And the same procedures for all h then: 

 h1m= 773.3 kJ/kg 

h2m=853.5 kJ/kg 

h4m= 554 kJ/kg = h5m 

COP= (h1'm-h5m)/ (h2m-h1m) = 2.643391521 

qe = (h1'm -h5m) = 212 kJ/kg 

Power consumed by compressor = V× I × 0.9=230×3.4×0.9=703.8 W 

W= (h2-h1) = 80.2 kJ/ kg 

Power consumed by compressor × ηe × ηm    = m&  × (h2-h1)  

 m& = (0.7038× 0.8) /80.2 = 0.00702 kg/s 

Qe= m&  (h1'm -h5m) = 0.00702× 212= 1.49 kW 
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CHAPTER SIX 

RESULTS AND DISCUSSION 

 

The aim of this research is to investigate and compare between R22 and LPG as a 

refrigerant when the air conditioning powered with solar energy. First a comparison 

should be made between the performances of different charge quantities of the LPG to 

find out the best mass to be charged in the air conditioning unit. All performance 

parameters for the R22 and LPG are plotted versus time of day (Day history), also the 

performance parameters with variable values of the evaporating and condensing 

temperatures Te and Tc respectively were conducted. The performance parameters 

investigated in the present work are: cooling effect, coefficient of performance, mass 

flow rate, cooling capacity, heat reject, power consumption and exit temperature of the 

compressor.  

 

6.1 Charge Quantity  
 
Seven different LPG charge quantities were charged and their coefficient of 

performance was calculated. This part of the experiment was conducted at time when 

the ambient temperature was 19 oC. Figure (6.1) shows the variation of the COP with 

the seven different selection 200, 250, 300, 350, 400, 500, and 650g. The best charge 

will found was about 420 g.  
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    Figure (6.1) Coefficient of Performance vs. Charge Quantity of LPG  

 

The air conditioning was run along the day with solar energy using R22 once and the 

best charge of LPG another time. Since the source of solar energy is variable along the 

day and it stored in batteries and then it converted to AC by inverter, shutdown occurred 

many times along the day for the unit and then returned to restart. Batteries have their 

full charge when the voltage reaches 26.8 V and when it reaches 18 V the system 

shutdown. Between the shut down time and restart time of air conditioning , batteries 

were recharged, their voltage reached 25 V. Batteries seem like storage tank fill with 

variable energy, the variable energy comes from PV modules , when the output energy 

was more than the input the system was shutdown, when it was partly filled again the 

system returned to restart. Fig (6.3) and Fig (6.4) represent shutdown and restart time 

for the air conditioning for R22 and LPG respectively. Because power consumption 

using LPG was more less than R22, the air conditioning remained running until sun set, 

therefore continuous running also investigated in the next day.  
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6.2 Power Consumption of the Compressor for R22 and LPG      
   

 Power consumption of LPG refrigerant was less than using R22 as refrigerant as shown 

in the Fig (6.2) below, this indicate why using LPG as a refrigerant is more effective in 

the air conditioning unit , the unit remained in running for about 9 hour then it was 

shutdown but for R22 the unit was shut downed after 5 hour . 
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  Figure (6.2) Power consumption of the compressor for R22 and LPG vs. time of day  
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Volt 
 

26.8 V 
 

  
 25 V 

 
 
 

 18 V            

     
  
 
 
 
 

 10:00                              14:55            15:20                  15:55          16:20    16:35           17:00    17:15            17:45 17:55 18:10 18:13      Time    
           

                       Figure (6.3)    Shutdown and Restart with time of day for R22 when powered with solar energy  
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Volt   
                                First day                                                               Next day  
 
 
 

 
  26.8 V  

 
 

        25 V  
 

 
 

  18 V 
 
 
 
 
      
  10:00                       19:00  19:10 19:20 19:27 19:35         11:45                         14:35          15:05              15:43            16:20     16:43 17:30  17:45   Time 
 
 
            Figure (6.4) Shutdown and Restart with time of day for LPG when powered with solar energy  

 
 
 

A
ll 

R
ig

ht
s 

R
es

er
ve

d 
- 

L
ib

ra
ry

 o
f 

U
ni

ve
rs

ity
 o

f 
Jo

rd
an

 -
 C

en
te

r 
 o

f 
T

he
si

s 
D

ep
os

it



www.manaraa.com

41 

 

6.2 Time of Day History Variation Test (R22) Using Solar Power 
6.2.1 Refrigerating Effect  
  
Figure (6.5) represent the variation of refrigeration effect with the time of day for R22, 

It is show that refrigerating effect decreases to reach the minimum value at 13:00, this 

because Tc increased from the effect of ambient temperature which reached the highest 

value at the solar intensity peak time. Increasing Tc results in increasing the enthalpy of 

the refrigerant entering the evaporator. At the time of shutdown and restart of the unit 

which was represented by dark and white stars, refrigeration effect increased, the time 

of restart and shutdown was not sufficient to reach the steady state of the system, this 

influence the performance of the system.        

 

6.2.2 Coefficient of Performance  
 
  Figure (6.6) shows the variation of COP with time of day. Since the COP equal 

refrigeration effect divided by the work of compression and the last one increases when 

Tc increases, this explains why the COP will be minimum value at the solar intensity 

peak time. COP increased at 16:25 to reach 6 because the unsteady state of system as 

mentioned previously. 

 

6.2.3 Mass Flow Rate 

 Figure (6.7) shows the variation of mass flow rate (kg/s) with time of day, its equal the 

power consumption of compressor divided by compression work in (kJ/kg), as the 

compression work decreases, the mass flow rate increases. 
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6.2.4 Capacity  
 

Variation was occurred to capacity along the day. Since refrigeration capacity equal 

mass flow rate multiplied by the refrigeration effect, increasing the ambient temperature 

which increase the Tc will reduce the mass flow rate and refrigeration effect, this 

explain why the capacity at mooring was higher than the solar intensity peak time ,as 

shown from Figure (6.8) the capacity between 11:00-14:00 almost  between (2.7- 3.5) 

kW.  

 

6.2.5 Power Consumption 
 
 Figure (6.9) shows the variation of power consumption with time of day. As shown it's 

decreased to minimum value then it returned to increase, power consumption equal 

mass flow rate multiply by deference enthalpy across the compressor, the curve shows 

that the effect of mass flow rate is more than effect of enthalpy deference. 

 

6.2.6 Heat Reject  
 
Heat reject is the heat rejected to the environmental by the condenser, this variation of 

heat reject was occurred because of mass flow rate variation, it is reduced to the 

minimum value at the solar intensity peak time as shown in Figure (6.10)  

 
6.2.7 Compressor Exit Temperature  
 

Figure (6.11) shows that the discharge temperature increased to maximum value at solar 

intensity peak time, since the ambient temperature increase, this rises the condensing 

temperature and the pressure ratio. 
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  Figure (6.5) Refrigeration Effect vs. Time of the day for R22, solar energy  
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  Figure (6.6) Coefficient of Performance vs. Time of the day for R22, solar energy  
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  Figure(6.7) Mass Flow Rate vs. Time of the day for R22, solar energy  
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  Figure (6.8) Cooling Capacity vs. Time of the day for R22, solar energy 
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Figure (6.9) Power Consumption vs. Time of the day for R22, solar energy 
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Figure (6.10) Heat Rejection vs. Time of the day for R22, solar energy 
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Figure (6.11) Compressor Exit Temperature vs. Time of the day for R22, solar energy 
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6.3 Time of Day History Variation Test (LPG) Using Solar power 
 
   In these tests the performance was conducted for two days because the unit in the first 

day started at 10:00 and it was continued in running to sun set time, then shutdown 

occurred. In the next day the unit started running at 11:45 because there was insufficient 

energy in batteries to start the unit, the performance of the unit also was conducted in 

the next day and figured. 

  

6.3.1 Refrigerating Effect  
  
Figure (6.12) represent the variation of refrigeration effect with the time of the day 

using LPG, It is shown that refrigerating effect decreased to reach the minimum value at 

15:21, the minimum value shifted to left of solar intensity peak time in the first day and 

the unit was shutdown at sun set time, the same behavior was occurred in the next day. 

 

6.3.2 Coefficient of Performance  
 
  Figure (6.13) shows the variation of COP with time of day. COP reached minimum 

value at 14:00 with 2.25. The same performance was occurred in the next day. 

 

6.3.3 Mass Flow Rate 

 Figure (6.14) shows the variation of mass flow rate (kg/s) with time of day, it remained 

almost constant along first day, slight variation occurs in the next day. 

 
6.3.4Capacity  
 
Slight variation is occurred to capacity along the day as shown from Figure (6.15) the 

capacity between 11:00-14:00 was almost 1.75 kW. In the next day and because of 
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instability of the system because of shutdown and restart of the unit the capacity is 

increased.  

 

6.3.5 Power Consumption 
 
 Figure (6.16) shows the variation of power consumption with time of day. As shown 

the power increased because h2 increased when the ambient temperature increased then 

it returned to decrease.  

 

6.3.6 Heat Reject  
 
 The variation of heat reject was slight, it increased in the next day when the unit started 

to shutdown and restart as shown in the Figure (6.17) 

 

6.3.7 Compressor Exit Temperature  
 

Figure (6.18) shows that the discharge temperature decreased after 16:00, since the 

ambient temperature started to decrease which decrease also the condensing temperature 

and pressure ratio. 
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  Figure(6.12) Refrigeration Effect vs. Time of the day for LPG, solar energy  
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    Figure (6.13) Coefficient of Performance vs. Time of the day for LPG, solar energy  
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   Figure (6.14) Mass Flow Rate vs. Time of the day for LPG, solar energy  

 

 

A
ll 

R
ig

ht
s 

R
es

er
ve

d 
- 

L
ib

ra
ry

 o
f 

U
ni

ve
rs

ity
 o

f 
Jo

rd
an

 -
 C

en
te

r 
 o

f 
T

he
si

s 
D

ep
os

it



www.manaraa.com

51 

 

 

 

 

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

09:36 11:02 12:28 13:55 15:21 16:48 18:14 19:40 21:07

Time of day (First Day)

C
ap

ac
it

y 
(W

)

       Shut dow n 
 (insufitiont pow er)

 

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

09:36 11:02 12:28 13:55 15:21 16:48 18:14 19:40 21:07

Time of day (Next Day)

LPG

Start (On)
 

    Figure (6.15) Cooling Capacity vs. Time of the day for LPG, solar energy 
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   Figure (6.16) Power Consumption of compressor vs. Time of the day for LPG, solar energy 
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     Figure (6.17) Heat Rejection vs. Time of the day for LPG, solar energy 
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 Figure (6.18) Compressor Exit Temperature vs. Time of the day for LPG, solar energy 
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6.4  Evaporating Temperature Variation Test for R22 and LPG Using 

Solar Energy.   
 
6.4.1 Refrigerating Effect  
  
Figure (6.19) and Figure (6.20) represent the variation of refrigeration effect with the Te 

for R22 and LPG respectively, the tests show that as Te increases the refrigeration effect 

increases when Tc remains constant, this because when Te increases enthalpy at exit 

evaporator increases slightly while the enthalpy of the refrigerant entering the capillary 

tube remains constant. Also as shown in the figures the refrigeration effect for LPG is 

higher than R22. 

 

6.4.2 Coefficient of Performance  
 
  Figure (6.21) and Figure (6.22) shows the variation of COP with Te. COP for R22 

refrigerant was higher than LPG and it increases as Te increases for both because 

refrigeration effect increased and work of compression reduced.  

 

6.4.3 Mass Flow Rate 

 As shown in figures (6.23) and (6.24) and referring to equation (3.8) the mass flow rate 

increases as Te increases at constant Tc this because the specific volume decreases. 

  

6.4.4 Capacity  
 
The capacity of the unit using both R22 and LPG refrigerant increases as Te increases as 

shown in figure (6.25) and figure (6.26) since mass flow rate and refrigeration effect 

increased. The capacity using R22 is higher than LPG, at Te = 5 oC at constant Tc =  

40 oC the capacity using R22 was 4 kW while it was just 0.9 kW for LPG.  
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6.4.5 Power Consumption 
 
Figure (6.27) and Figure (6.28) represent the variation of power consumption with Te. 

As Te increases the power consumption increases. This indicates that the effect of mass 

flow rate is higher than work of compression   . 

 
 
6.4.6 Heat Reject  
 
Figure (6.29) and Figure (6.30) represent the variation of heat reject with Te. As Te 

increases the heat reject increases because mass flow rate increased, its effect was more 

than deference enthalpies across the condenser. 

 
 
6.4.7 Compressor Exit Temperature  
 

The compressor exit temperature reduces as Te increases because h2 reduced when Te 

increased as shown in figure (6.31) and figure (6.32). 
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  Figure (6.19) Refrigeration Effect vs. Evaporating Temp for R22, solar energy 
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  Figure (6.20) Refrigeration Effect vs. Evaporating Temp for LPG, solar energy 
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  Figure(6.21) Coefficient of Performance vs. Evaporating Temp for R22, solar energy 
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  Figure (6.22) Coefficient of Performance vs. Evaporating Temp for LPG, solar energy 
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  Figure (6.23) Mass Flow Rate vs. Evaporating Temp for R22, solar energy  
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  Figure (6.24) Mass Flow Rate vs. Evaporating Temp for LPG, solar energy  
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  Figure (6.25) Cooling Capacity vs. Evaporating Temp for R22, solar energy 
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  Figure (6.26) Cooling Capacity vs. Evaporating Temp for LPG, solar energy 
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Figure (6.27) Power Consumption vs. Evaporating Temp for R22, solar energy 
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Figure (6.28) Power Consumption vs. Evaporating Temp for LPG, solar energy 
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Figure (6.29) Heat Rejection vs. Evaporating Temp for R22, solar energy 
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Figure (6.30) Heat Rejection vs. Evaporating Temp for LPG, solar energy                
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Figure (6.31) Compressor Exit Temperature vs. Evaporating Temp for R22, solar 

energy 
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Figure (6.32) Compressor Exit Temperature vs. Evaporating Temp for LPG, solar 

energy 
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6.5 Condensing Temperature Variation Test for R22 and LPG Using 
Solar Energy.  

  
6.5.1 Refrigerating Effect  
  
Figure (6.33) and Figure (6.34) represent the variation of refrigeration effect with the Tc 

for R22 and LPG respectively, the figures show that as Tc increases the refrigeration 

effect decreases when Te remains constant, this because when Tc increases enthalpy 

entering the capillary tube increases while the enthalpy of the refrigerant exit from 

evaporator remains constant. Also as shown in the figures the refrigeration effect for 

LPG is higher than R22 at constant Te. 

 

6.5.3 Coefficient of Performance  
 
  Figure (6.35) and Figure (6.36) show the variation of COP with Tc. COP for R22 

refrigerant was higher than LPG and it decreases as Tc increases for both because 

refrigeration effect increased and work of compression also increased. 

 

6.5.4 Mass Flow Rate 
 
    Figure (6.37) and Figure (6.38) represent the variation of mass flow rate with Tc for 

both refrigerants. It decreases as Tc increases because the difference between the 

enthalpy across the compressor increased. 

 

6.5.5 Capacity  
 

The capacity for two refrigerant decreases as Tc increases as shown in figure (6.39) and 

figure (6.40) since mass flow rate decreased and refrigeration effect also decreased. 
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6.5.5 Power Consumption 
 
 Figure (6.41) and Figure (6.42) represent the variation of power of compressor in (kW) 

with respect of Tc, the power increases as Tc increases; this shows that the effect of 

work of compression (h2-h1) was more of the mass flow rate for that the power 

increased. 

 

6.5.6 Heat Reject  
 
   Heat reject decreases as Tc increases as shown in figure (6.43) and figure (6.44) for 

both refrigerants since mass flow rate decreased. 

 

6.5.7 Compressor Exit Temperature  
 

 Figure (6.45) and Figure (6.46) represent the exit compressor temperature with Tc. the 

exit temperature for both R22 and LPG increases as Tc increases. 
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  Figure (6.33) Refrigeration Effect vs. Condensing Temp for R22, solar energy 
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  Figure (6.34) Refrigeration Effect vs. Condensing Temp for LPG, solar energy 
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  Figure (6.35) Coefficient of Performance vs. Condensing Temp for R22, solar energy 
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   Figure (6.36) Coefficient of Performance vs. Condensing Temp for LPG, solar energy 
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  Figure  (6.37) Mass Flow Rate vs. Condensing Temp for R22, solar energy  
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  Figure (6.38) Mass Flow Rate vs. Condensing Temp for LPG, solar energy  
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  Figure (6.39) Cooling Capacity vs. Condensing Temp for R22, solar energy 
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  Figure (6.40) Cooling Capacity vs. Condensing Temp for LPG, solar energy 
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Figure (6.41) Power Consumption vs. Condensing Temp for R22, solar energy 
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Figure (6.42) Power Consumption vs. Condensing Temp for LPG, solar energy 
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Figure (6.43) Heat Rejection vs. Condensing Temp for R22, solar energy 
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Figure (6.44) Heat Rejection vs. Condensing Temp for LPG, solar energy           
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Figure (6.45) Compressor Exit Temperature vs. Condensing Temp for R22, solar energy 
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  Figure (6.46) Compressor Exit Temperature vs. Condensing Temp for LPG, solar 

energy  
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    R = Thermal ratio = (Heat Reject / Capacity)     
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Figure (6.47) (Tc – T ambient) vs. Thermal Ratio for R22, solar energy  
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 Figure (6.48) (Tc – T ambient) vs. Thermal Ratio for LPG, solar energy 
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6.6 LPG Time of Day, Te and Tc Variation Tests Compared to that of     
  R22  
 
A- Time of Day Variation Test  
 

In this test the variable parameters that were conducted on the time between restart and 

shutdown of the unit when it started shutdown and restart because of insufficient power 

from solar system were represented as a points in the curves for both R22 and LPG. 

They were considered as a shutdown region in the curves.  

 

6.6.1 Refrigerating Effect  
  
Figure (6.49) represent the variation of refrigeration effect with time of day for R22 and 

LPG, it shows that the refrigeration effect in (kJ/kg) for R22 using mains power and 

solar power approach to each other, the refrigeration effect using LPG was the highest. 

 

6.6.3 Coefficient of Performance  
 
  Figure (6.50) shows the variation of COP with time of day for LPG and R22. COP for 

R22 refrigerant was higher than LPG. COP for R22 using solar energy was almost the 

same as using mains power but the deference happened when the system start shutdown 

and restart.  

 

6.6.4 Mass Flow Rate 

 As shown in figures (6.51) the mass flow rate for R22 was higher than LPG, variation 

of LPG was almost constant, for R22 using solar energy and mains power the mass flow 

rate approach to each other. Sharp increasing is happened for R22 when solar power 

was used and the unit restarted and shutdown because of instability of the system. 
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6.6.5 Capacity  
 
The capacity of the unit using R22 was higher than LPG; it is reached 2.9 kW for R22 

and 1.5 kW for LPG at 14:00 as shown in figure (6.52)  

  

 
6.6.6 Power Consumption 
 
Figure (6.53) represents the variation of power consumption. The power consumption 

for using R22 as refrigerant was higher than LPG, for that the unit run from 10:00 and 

the first shutdown was occurred at 19:00 when LPG was used but for R22 it run from 

10:00 to14:55    

 

6.6.7 Heat Reject  
 
As shown in figure (6.54) the heat reject for R22 is higher than LPG, it is seen that the 

variation of heat reject for R22 using solar power was almost the same as using mains 

power. 

 

6.6.8 Compressor Exit Temperature  
   
 The compressor exit temperature for R22 is higher than LPG as shown in figure (6.55). 

For R22 using mains power the exit temperature is slight higher than using solar energy.    
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          Figure (6.49) Refrigeration Effect vs. Time of the day for R22 & LPG 
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    Figure (6.50) Coefficient of Performance vs. Time of the day for R22 & LPG  
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  Figure (6.51) Mass Flow Rate vs. Time of the day for R22 & LPG 
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  Figure (6.52) Cooling Capacity vs. Time of the day for R22 & LPG 
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Figure (6.53) Power Consumption vs. Time of the day for R22 & LPG 
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Figure (6.54) Heat Rejection vs. Time of the day for R22 & LPG 
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Figure (6.55) Compressor Exit Temp vs. Time of day for R22 & LPG  
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B- Evaporating Temperature Variation Test 
 
6.7.1 Refrigerating Effect  
  
Figure (6.56) represent the variation of refrigeration effect with respect to Te for R22 

and LPG, it shows that the refrigeration effect for LPG is higher than R22 because the 

enthalpies of LPG is higher than R22, also it can be seen that refrigeration effect for 

R22 using solar and mains power look the same. 

 

6.7.2 Coefficient of Performance  
 
  Figure (6.57) shows the variation of COP with Te for LPG and R22. COP for R22 

refrigerant was higher than LPG and it increases as Te increases for both, also COP 

using solar power and mains power was approach to each other. 

 

6.7.3 Mass Flow Rate 

 As shown in figure (6.58) the mass flow rate increases as Te increases at constant Tc. 

The mass flow rate for R22 was higher than LPG. 

  

6.7.4 Capacity  
 

The capacity of the unit using both R22 and LPG refrigerant increases as Te increases as 

shown in figure (6.59). The capacity using R22 is higher than LPG, at Te = 5 oC and Tc 

= 45 oC the capacity using R22 with solar energy was 4 kW,  while it was 3.8 kW for 

R22 using mains power they approach to each other but for LPG it was just 0.8 kW.  
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6.7.5 Power Consumption 
 
Figure (6.60) represents the variation of power consumption with respect to Te. As Te 

increases the power consumption increases. The power consumption of the compressor 

for either using solar power or the mains power looks the same.  

 

6.7.6 Heat Reject  
 
 It can be seen from figure (6.61) that heat rejects increases when Te increases for R22 

and LPG. 

 
6.7.7Compressor Exit Temperature  
 

The exit temperature of the compressor decreases as Te increases for both refrigerants as 

shown in figure (6.62). 
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     Figure(6.56) Refrigeration Effect vs. Evaporating Temp for R22 & LPG at Tc= 45 oC 
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  Figure (6.57) Coefficient of Performance vs. Evaporating Temp for R22 & LPG at  

  Tc= 45 oC 
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  Figure (6.58) Mass Flow Rate vs. Evaporating Temp for R22 & LPG at Tc= 45 oC 

A
ll 

R
ig

ht
s 

R
es

er
ve

d 
- 

L
ib

ra
ry

 o
f 

U
ni

ve
rs

ity
 o

f 
Jo

rd
an

 -
 C

en
te

r 
 o

f 
T

he
si

s 
D

ep
os

it



www.manaraa.com

81 

 

0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

5

-15 -10 -5 0 5 10 15

Evaporating Tempreture (  oC  )

C
ap

ac
it

y 
(k

W
)

R22 (mains power)

R22 (solar power)

LPG ( solar power)

 

  Figure (6.59) Cooling Capacity vs. Evaporating Temp for R22 & LPG at Tc= 45 oC 
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   Figure (6.60) Power Consumption vs. Evaporating Temp for R22 & LPG at Tc= 45 oC 
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Figure (6.61) Heat Rejection vs. Evaporating Temp for R22 & LPG at Tc= 45 oC 
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 Figure (6.62) Compressor Exit Temperature vs. Evaporating Temp for R22 & LPG at 

Tc= 45 oC 
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C- Condensing Temperature Variations Test 
 
6.8.1 Refrigerating Effect  
  
Figure (6.63) represent the variation of refrigeration effect with respect to Tc for R22 

and LPG, it shows that the refrigeration effect decreases as Tc increases, also it was for 

LPG higher than R22. It look the same for R22 either using solar or mains power. 

 

6.8.3 Coefficient of Performance  
 
  Figure (6.64) shows the variation of COP with Tc for LPG and R22. COP for R22 

refrigerant was higher than LPG and it decreases as Tc increases for both, also COP 

approach to each other for R22 either using solar power or mains power.  

 

6.8.4 Mass Flow Rate 

 As shown in figures (6.65) the mass flow rate decreases as Tc increases at constant Te. 

The mass flow rate was higher for R22 than LPG. 

 

6.8.5 Capacity  
 

The capacity of the unit using both R22 and LPG refrigerant decreases as Tc increases 

as shown in figure (6.66). The capacity using R22 is higher than LPG.  

  

6.8.6 Power Consumption 
 
Figure (6.67) represents the variation of power consumption with respect to Tc. As Tc 

increases the power consumption increases. It looks the same for R22 either using solar 

or mains power  
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6.8.7 Heat Reject  
 
 It can be seen from figure (6.68) that heat rejects decreases when Tc increases for R22 

and LPG. 
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  Figure (6.63) Refrigeration Effect vs. Condensing Temp for R22 & LPG at Te= 5 oC 
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Figure (6.64) Coefficient of Performance vs. Condensing Temp for R22 & LPG at  

 Te= 5 oC 
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  Figure (6.65) Mass Flow Rate vs. Condensing Temp for R22 & LPG at Te= 5 oC 
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  Figure (6.66) Cooling Capacity vs. Condensing Temp for R22 & LPG at Te= 5 oC 
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Figure (6.67) Power Consumption vs. Condensing Temp for R22 & LPG at  

Te= 5 oC 
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Figure (6.68) Heat Rejection vs. Condensing Temp for R22 & LPG at Te= 5 oC 
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CHAPTER SEVEN 
CONCLUSION AND RECOMMENDATIONS  

 
 
7.1 Conclusions: 
 
From the experimental results which were performed and calculated and due to 

discussion several conclusions can be reached: 

1- The best method to use solar energy is by storing it in the batteries and then 

inverts it to AC using inverter.  

2- LPG refrigerant has consumes less power than R22 by about 35% and this gives 

advantage for using LPG as refrigerant because of using solar energy 

3- Good performance was produced when solar energy was used instead of usual 

mains power for air conditioning , it was effected just when the air conditioning 

start to shutdown and this happened because of instability 

4- The performance of the unit looks the same for using either mains power or 

solar power; this was investigated when comparison was conducted for R22 for 

mains power and solar power.  

5- Wight of quantity charge of LPG refrigerant was more less of R22 by 44% 

6- To increase the running time of air conditioning unit, the quantity power store 

must be increased; this can be done by increasing the number of batteries of 

system, also this increase the battery life because the depth of discharge will 

reduce. 

7- The initial cost for solar system is very high because modules, inverter and 

batteries are expensive, but its life cycle cost is reasonable, for expected life is 

more than 20 years  
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7.2 Recommendations: 

 Following recommendations are sight by this work:  

1- It is easy to use the P.V. generator to power air conditioning units, so it is 

recommended that such generators to be installed as packages to power other 

appliances.       

2- More study is to be carried out to use DC compressors or open type compressors 

driven with DC motors to produce good performance for refrigeration cycles. This 

may assist to take direct energy from the modules without need for batteries and 

inverters    
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APPENDIX A 

DATA TABLES 
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  Table (A.1) Measured Data for R22 Using Usual Power with Variation of Day Time (Day History)  
 

 
Starting 

Time 

T1 
Comp 
inlet 

T2 
Comp 
exit 

T3 
Mid 
Cond 

T4 
Out 

Cond 

T5 
In  

Evap  

T6 
Mid  
Evap  

T7 
Out 

Evap 

T8 
Air in 
Cond 

T9 
Air out 
Cond 

T10 
Air in 
Evap 

T11 
Air Out 
Evap  

P1  
suc 

P2 
dis 

V 
Comp 

I 
Comp 

9:35 23 91 30 23 9 12 16 25 31 22 11 44 235 210 4.8 

10:00 25 98 31 22 8 14 15 27 36 23 10 51 235 210 4.8 

11:00 24 103 32 22 8 12 14 30 38 24 12 51 245 210 5 

11:30 24 104 32 24 8 11 14 29 39 25 13 51 245 210 4.9 

12:00 27 109 34 24 11 15 15 32 38 26 14 58 285 210 5.5 

12:40 27 112 35 25 11 15 15 33 39 28 13 59 280 210 5.5 

14:10 28 109 35 30 11 15 15 33 39 29 14 58 280 210 5.4 

14:40 26 108 35 32 10 14 14 33 40 27 9 57 280 210 5.3 

15:10 22 104 33 31 8 12 8 33 39 27 10 52 275 210 5.3 

16:00 22 100 32 22 11 13 15 22 30 24 10 45 235 210 4 

16:30 18 92 30 20 9 11 12 20 30 24 14 45 235 210 4 
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       Table (A.2) Measured Data for R22 Using Usual Power at Constant Tc = 30 oC  
 

T1 
Comp 
inlet 

T2 
Comp 
exit 

T3 
Mid 
Cond 

T4 
Out 

Cond 

T5 
In  

Evap  

T6 
Mid  
Evap  

T7 
Out 

Evap 

T8 
Air in 
Cond 

T9 
Air out 
Cond 

T10 
Air in 
Evap 

T11 
Air Out 
Evap  

P1  
suc 

P2 
dis 

V 
Comp 

I 
Comp 

20 95 30 27 2 6 14 22 27 24 13 35 175 210 4.1 

15 95 30 25 -1 2 10 22 26 23 9 33 175 210 4 

13 96 31 25 -5 -2 7 24 26 21 6 33 175 210 4.07 

9 94 31 25 -7 -3 5 20 27 20 0 31 170 210 3.9 

 

       Table (A.3) Measured Data for R22 Using Usual Power at Constant Tc = 35 oC  
 
11 95 35 35 -1 -1 -1 31 33 20 5 45 180 210 4.3 

10 96 35 34 -5 -3 -3 30 33 20 2 40 175 210 4.25 

6 96 35 35 -5 -5 -5 28 36 22 0 40 170 210 4.2 

-1 94 35 35 -7 -7 -10 28 37 20 -3 35 170 210 4 
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       Table (A.4) Measured Data for R22 Using Usual Power at Constant Tc = 40 oC  
 

T1 
Comp 
inlet 

T2 
Comp 
exit 

T3 
Mid 
Cond 

T4 
Out 

Cond 

T5 
In  

Evap  

T6 
Mid  
Evap  

T7 
Out 

Evap 

T8 
Air in 
Cond 

T9 
Air out 
Cond 

T10 
Air in 
Evap 

T11 
Air Out 
Evap  

P1  
suc 

P2 
dis 

V 
Comp 

I 
Comp 

8 98 40 37 4 4 3 26 39 20 7 50 235 210 5.1 

7 98 40 36 3 3 2 26 39 19 5 48 225 210 5 

6 97 40 35 2 2 1 26 39 20 4 46 220 210 4.95 

-2 98 40 36 -3 -2 -4 26 40 20 -2 45 220 210 4.85 

 
 
 
       Table (A.5) Measured Data for R22 Using Usual Power at Constant Tc = 45 oC  
 
18 105 45 43 4 5 5 31 47 23 6 53 240 210 5.3 

18 107 45 44 5 3 3 32 44 20 6 48 230 210 5.1 

11 106 45 44 -1 0 0 32 47 21 4 45 225 210 5.05 

8 106 45 43 -3 -2 -2 32 47 19 1 36 220 210 4.9 
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    Table (A.6) Measured Data for R22 Using Solar Energy with Variation of Day Time (Day History)  
 
    Date 12-8-2008                      R22                                   Day history (Full battery discharge)                               Solar Energy 

Solar Battery Compressor Psi Evaporator Condenser 
Rad V I V I  PH PL T11 T10 T6 T5 T7 T9 T8 T4 T3 T2 T1 Time 

Starting 10:00 
842 25.2 19.0 5.05 200 53 3 25 3 2 6 32 26 29 35 75 19 10:15 
871 25.1 19.4 4.95 210 57 6 25 5 3 10 34 28 31 37 85 21 10:30 
895 25.0 20.0 5.1 215 55 5 25 2 3 8 32 27 31 35 83 21 10:45 
930 24.9 20.4 5.0 200 50 1 24 0 0 1 33 28 29 35 81 21 11:00 
1017 24.8 21.5 4.6 210 55 5 25 4 3 8 33 27 30 34 84 19 11:40 
1027 24.4 21.6 5.1 210 55 5 25 3 3 6 34 29 33 34 80 22 12:15 
1032 24.1 21.7 4.8 210 54 4 25 1 0 1 37 32 35 39 89 25 12:30 
1004 23.9 21.8 4.8 200 48 5 25 1 1 1 39 33 36 40 89 9 13:00 
958 23.6 21.1 4.5 210 56 6 25 4 3 8 40 36 40 42 86 21 13:40 
931 23.3 20.8 4.66 210 51 5 25 0 0 0 36 31 34 36 87 19 14:00 
880 22.9 20.0 4.6 200 49 2 24 -2 -2 -1 34 30 31 32 80 14 14:15 
867 22.6 19.6 4.88 210 52 4 24 0 0 1 34 29 33 36 84 19 14:30 
837 22.1 18.7 4.5 200 50 6 24 -1 -1 0 33 28 30 34 79 16 14:40 
831 21.3 18.5 4.8 210 50 6 24 0 -1 0 34 30 31 33 81 10 14:50 
800 18.1 18.1 Shut down |(Off) 14:55 
734 23.4 16.4 Start (On) 15:20 
676 23.0 15.1 4.5 200 47 8 25 2 3 7 32 30 29 31 65 18 15:25 
643 22.7 14.8 4.65 210 53 7 25 3 2 9 32 28 30 34 73 22 15:40 
629 21.6 14.6 4.6 210 52 4 23 3 2 7 32 28 28 32 76 23 15:50 
610 18.1 13.0 Shut down (Off) 15:55 
510 22.7 11.8 Start (On) 16:20 
466 22.2 10.6 5.1 210 49 6 23 4 2 8 32 29 29 30 55 24 16:25 
352 21.7 9.2 

 
 
 
 
 
 
 
 
 
 
 
225 
 
 
 
 
 
 
 
 
 
 
 

5.0 210 50 5 22 3 2 6 32 29 29 31 65 23 16:30 
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309 18.1 8.3 Shut down (Off) 16:35 
282 22.5 6.8 Start (On) 17:00 
251 22.1 6.3 4.9 200 45 5 25 3 1 10 32 27 32 30 55 27 17:10 
245 18.1 4.7 Shut down (Off) 17:15 
215 21.4 3.6 Start (On) 17:45 
209 20.9 3.3 4.66 200 42 6 23 4 3 7 31 27 30 30 45 23 17:50 
186 18.1 2.9 Shut down (Off) 17:55 
123 21.4 2.6 Start (On) 18:10 
119 20.8 2.1 4.7 200 42 5 22 3 2 6 31 28 30 30 42 22 18:12 
113 18.1 1.5 

 
 
 
 
225 

Shut Down (OFF) 18:13 

 
 
         
 
       Table (A.7) Measured Data for R22 Using Solar Energy at Constant Tc = 30,35,40,45 and 60 oC  
 
          Date: 30-7-2008          R22         Solar energy          Constant condensing temperature 
 

Solar Battery Compressor Psi Evaporator Condenser 
Rad V I V I  PH PL T11 T10 T6 T5 T7 T9 T8 T4 T3 T2 T1 
1000 25.3 20.1 4.0 145 45 10 23 0 0 14 34 30 31 30 86 29 
970 25.0 19.9 3.9 140 40 9 23 -1 -1 11 32 30 30 29 83 30 
915 24.4 18.1 3.8 160 37 8 24 -2 -2 7 33 31 31 31 81 26 
840 24.3 18.9 

225 

4.1 165 35 1 24 -6 -5 -7 33 31 31 30 79 27 
 

935 25.4 17.7 5.0 215 52 12 26 9 4 14 36 32 34 35 70 27 
915 25.3 17.6 5.2 225 60 9 25 6 3 11 38 32 34 35 80 26 
905 25.3 17.4 5.4 220 55 6 25 5 3 15 38 32 35 36 82 25 
900 25.3 17.1 

 
 
225 

5.2 200 30 4 24 -12 -10 -13 36 32 35 35 78 1 
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880 25.0 16.8 5.6 250 60 8 23 6 5 10 42 32 38 41 84 28 
860 25.0 16.4 5.3 245 59 5 23 4 3 8 42 34 38 40 86 26 
840 24.9 16.0 5.8 255 55 3 24 2 2 4 42 34 39 40 88 24 
825 24.8 16.0 

 
 
225 

4.9 225 35 1 24 -12 -10 -12 43 34 40 40 88 1 
 

795 24.6 14.7 5.8 250 60 6 23 5 4 9 45 34 41 45 91 25 
772 24.3 14.3 6.5 305 61 6 24 4 4 3 49 34 45 45 93 24 
740 24.2 13.5 5.6 275 55 4 24 2 2 3 49 34 44 44 90 13 
747 24.0 13.1 

 
 
225 

4.5 275 40 2 24 -11 -9 -11 47 34 44 45 80 -3 
 

720 23.9 12.5 6.2 325 65 7 23 5 5 9 54 34 53 60 94 26 
718 23.8 12.7 6.6 320 61 5 23 4 4 3 52 34 52 61 93 21 
703 23.7 12.2 6.6 325 61 5 24 4 4 3 53 34 52 60 94 12 
689 23.7 12.0 

 
225 

4.9 325 40 1 23 -7 -6 -8 51 34 49 59 85 -3 
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       Table (A.8) Measured Data for Optimum Charge quantity of Refrigerant LPG  
 
                      Date 13-8-2008                  Propane + Butane (LPG)                      Charging Quantity   
 

Compressor Psi Evaporator Condenser 

V I PH PL T11 T10 T6 T7 T5 T9 T8 T4 T3 T2 T1 
Mass 

(gram) 
3.4 80 16 17 25 13 0 18 34 29 31 35 70 30 200 

               
3.1 100 23 12 24 9 3 10 35 30 32 37 80 27 250 

               
3.4 100 26 12 24 10 4 10 36 30 33 29 65 13 300 

               
3.2 110 28 11 23 10 4 9 37 29 29 36 55 14 350 

               
3.0 110 31 12 23 9 4 10 36 32 29 36 55 18 400 

               
2.9 110 32 13 23 10 6 12 37 32 31 37 52 18 500 

               

225 

2.8 110 33 14 23 13 8 13 34 30 30 36 49 21 650 
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    Table (A.9) Measured Data for LPG Using Solar Energy with Variation of Day Time (Day History)  
 
   Date 17-8-2008 (first day)                Propane-Butane (LPG)              Day history (Full Battery discharge)                         solar energy 
 

Solar Battery Compressor Psi Evaporator Condenser 
Rad V I V I  PH PL T11 T10 T6 T7 T5 T9 T8 T4 T3 T2 T1 Time 

Starting 10:00 
881 26.5 18.1 2.8 80 22 15 26 14 12 7 33 27 30 37 54 14 10:30 
892 25.5 18.9 3.15 85 23 14 25 13 12 8 34 28 32 36 57 14 11:00 
930 25.5 19.2 3.1 86 22 14 25 14 12 8 34 28 32 36 58 13 11:30 
965 25.5 19.2 3.4 85 22 15 26 13 12 8 36 30 34 39 57 15 11:45 
990 25.5 19.4 3.5 90 25 15 26 13 12 8 35 29 31 37 56 12 12:00 
1010 25.4 19.3 3.3 90 25 16 27 14 12 9 36 30 34 37 58 15 12:30 
979 25.3 18.5 3.3 90 25 15 27 13 13 9 39 35 37 40 59 18 13:00 
970 25.2 18.5 3.5 90 24 15 27 12 12 8 43 37 40 45 58 28 13:30 
925 25.1 17.9 3.5 90 25 16 28 12 12 9 42 37 39 44 55 25 14:00 
905 25.1 16.6 3.4 90 24 16 27 13 13 9 41 37 39 43 58 22 14:30 
874 24.9 14.8 3.3 95 23 14 25 11 11 7 41 35 39 42 59 16 15:00 
843 24.6 12.0 3.2 90 21 14 24 10 11 7 41 37 39 41 59 19 15:30 
680 24.3 8.6 3.5 90 23 14 24 10 10 6 39 34 39 45 59 15 16:15 
540 24.0 6.9 3.2 100 21 14 24 10 10 6 38 34 36 41 55 14 16:45 
402 23.7 7.5 3.1 99 20 13 23 10 10 6 35 30 34 38 54 15 17:15 
282 23.3 2.8 3.9 99 21 14 24 10 11 7 35 29 33 39 55 12 17:45 
144 22.9 1.8 3.3 80 23 14 24 10 11 6 33 28 31 33 52 14 18:15 
100 22.5 1.4 3.2 80 20 14 24 10 10 6 34 29 31 35 51 13 18:30 
56 22.1 1.1 3.25 80 20 14 24 10 10 6 34 29 31 35 50 12 18:45 
45 21.4 0.9 3.1 85 20 13 24 9 10 6 34 31 33 38 52 14 18:50 
23 20.4 0.8 

 
 
 
 
 
 
 
 
 
 
230 

2.6 80 20 13 24 9 10 6 33 29 30 34 49 14 18:55 
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7 18.0 0.1 Shut down (Off) 19:00 
2 21.8 0.0 Sun set 19:05 
0.0 21.3 0.0 Start (On) 19:10 
0.0 20.7 0.0 3.0 75 20 15 25 10 14 4 31 28 32 34 46 16 19:15 
0.0 18.5 0.0 

230 
2.7 75 20 14 24 9 11 3 30 26 32 33 48 15 19:17 

0.0 18.1 0.0 Shut down (Off) 19:20 
0.0 21.8 0.0 Start (On) 19:27 
0.0 21.6 0.0 230 2.7 75 10 15 25 1 3 -2 29 26 26 30 44 -4 19:30 
0.0 18.1 0.0 Shut down (Off) 19:35 

 
Date 18-8-2008 (next day)                Propane-Butane (LPG)              Day history (Full Battery discharge)                                   solar energy 
 

Solar Battery Compressor Psi Evaporator Condenser 
Rad V I V I  PH PL T11 T10 T6 T7 T5 T9 T8 T4 T3 T2 T1 Time 
970 24.2 20.0 Starting 11:45 
982 24.1 20.0 3.1 90 23 16 28 14 13 9 38 32 35 40 58 18 12:00 
1000 24.0 20.2 3.3 90 22 16 27 14 13 9 39 32 35 39 57 17 12:15 
1056 23.4 20.3 3.25 100 24 16 27 14 13 9 39 34 39 43 60 19 13:00 
1043 23.2 20.3 3.2 100 25 16 27 14 13 9 41 36 39 44 55 20 13:30 
1000 22.7 19.8 3.4 100 25 16 26 14 13 9 44 36 40 42 58 18 14:00 
894 19.5 20.0 

 
 
225 

3.5 100 25 15 26 13 12 8 46 36 42 43 60 19 14:30 
887 18.1 0.0 Shut down (Off) 14:35 
852 23.4 18.1 Start (On) 15:05 
843 23.1 17.8 3.4 100 25 15 26 13 12 8 39 33 36 41 59 16 15:15 
840 21.9 16.5 

225 
3.2 100 24 15 25 13 12 8 37 33 35 38 56 17 15:40 

793 18.1 0.0 Shut down (Off) 15:43 
658 24.2 11.8 Start (On) 16:20 
635 22.9 11.0 3.3 99 23 15 26 13 12 8 36 32 33 38 55 13 16:30 
601 21.7 7.9 

225 
3.5 99 25 15 26 13 12 7 36 32 34 36 55 14 16:40 
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550 18.1 7.0 Shut down (Off) 16:43 
325 23.9 4.6 Start (On) 17:30 
298 22.0 4.2 225 3.6 80 23 14 26 14 14 13 35 32 32 35 53 15 17:40 
282 18.1 0.0 Shut down (Off) 17:45 
12 23.2 0.5 Start (On) 19:00 
04 21 0.3 225 3.4 75 15 13 23 9 10 10 31 28 29 33 45 13 19:05 

 
      
 
  Table (A.10) Measured Data for LPG Using Solar Energy at Constant Tc = 30,35,40,45 and 60 oC  
 
       Date: 19-8-2008            Propane-Butane (LPG)             Solar energy               Constant condensing temperature 
   

Solar Battery Compressor Psi Evaporator Condenser 
Rad V I V I  PH PL T11 T10 T6 T7 T5 T9 T8 T4 T3 T2 T1 
1010 25.4 19.0 3.2 75 25 15 27 13 13 9 36 30 29 30 49 17 
1010 25.4 18.5 3.0 75 20 13 27 12 11 7 36 33 29 29 52 16 
1005 25.3 18.1 3.0 80 21 13 28 12 11 7 36 31 29 31 56 15 
1000 25.3 17.9 

230 

2.9 75 18 07 27 03 04 1 39 36 29 30 57 14 
 

953 25.2 18.4 3.2 88 25 15 27 12 12 8 42 38 36 41 56 24 
945 25.2 18.2 3.1 87 23 13 27 11 10 7 40 36 37 40 56 20 
935 25.2 18.0 3.1 90 21 13 28 9 9 6 40 36 37 40 53 16 
929 25.2 17.9 

230 

3.0 86 17 07 28 4 5 2 39 36 39 40 56 13 
 

881 24.8 14.4 3.3 95 24 15 24 11 11 8 40 38 39 45 57 18 
879 24.9 15.3 3.2 100 22 13 25 10 10 6 40 36 38 45 56 18 
878 24.9 15.7 3.1 100 21 13 26 9 9 6 40 36 40 44 54 17 
877 25.1 16.6 

 
 
230 

3.0 90 18 8 27 5 6 3 42 37 40 45 59 16 
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844 24.4 11.0 3.3 130 26 16 24 11 12 8 49 38 47 50 64 22 
842 24.5 10.8 3.2 110 24 13 24 10 10 7 46 36 46 50 63 17 
838 24.9 9.6 3.1 110 21 12 25 09 10 6 47 35 43 51 62 15 
831 25.0 16.1 

230 

3.9 115 15 10 27 04 05 3 49 38 46 50 58 14 
 

1000 23.9 12.5 3.4 140 25 19 26 16 17 13 48 37 55 60 61 28 
1023 23.8 12.7 3.3 150 26 17 26 16 14 13 47 37 54 61 67 27 
1067 23.7 12.2 3.2 150 25 16 26 14 11 13 49 37 53 61 65 18 
1097 23.7 12.0 

 
230 

3.3 155 21 11 27 10 08 08 53 37 54 60 69 16 
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APPENDIX B 

REFRIGERNT PROPERTIES 

TABLE AND CHARTS 
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������ �داء و��ة ����� �� ��ا�&�ز  ا�$#�ام ا�!� �� 
��درا

����� '�� ا�� �ل آ)

 
 ا��اد 

 أ�� ����� ��اج
 

��ف �� ا
� د '�$د ا&%!$ذ ا��آ! ر(�  
 

 

 )*+� 

�/��. -�رة        ���را%7 و�)( اداء و'�ة �345 ه اء � ع ا 89:�;!� AB ت�9:?�  1:<�ف ه=ا ا�9)> ا

�D$ل،      �/��$ :D!�9ل ��D?74 ،     وت5? ن ��?�را��$-7    ا�G$ز ا&ص4. ب$�G$ز ا��ا�5<�ب$A?� 7?4L ا��$-?K ا

 Mش  O9Dم وب$Q�إن ا%!<Sك ا��$-K ا�5<�ب$A� 74L اج<Vة ا�!3445 تUخ= ��$94 �$�A� $4 ا&%!<Sك ا

        .?Y� دة�?;!���+�$-7 وب$�=ات ا��$-?7 ا .Lب�ا A� <(9: ا&ن [�$Q�B$-?7  ��$در ا��$-7 ا&%$%74 �\ن ا

�� ،آ�$ ا�K وبO9D تUث�4 [$ز  �� �+� ا�A� 7a49 خ?Sل ت?Uث9B �?+� `�4_?7 ا&وزون ت?] ب)?>       R22ا

7a49+� b:ز ه�4روآ�ب �8 ص�$Gز ب$G� . ا%!�9ال ه=ا ا

 

�74D 8�1 ه=` ا�!;�بK ت] درا%7 اداء و'�ة ت3445  � ع �/��. -�رة   �� d:=] $��/� AB ب$��$-7 ا

�D$ل  ��R22وب$%!*�ام [$ز ا���: ن � .��R22ة اخ�ى ب�Q ا%!�9ال [$ز (LPG) ة وا�G$ز ا

     K?ب�;!��!4G?�ات      .ت] ا%!*�ام ا���ت� �!G=:7 ج<$ز ا�!445?3 ا&�!4?$دي �?8 ا�و ت?] ا�!)_?A?� b بg?Q ا

            �?4G�4ه$ �/?� تG7 و�_�ار ت�]$h��Q� .Y$�. ا&داء، ا�_�رة ، آ!+7 ت��b [$ز ا�!�9:� و�_�ار شG. ا

 34Y5!��9*� ودرج7 '�ارة ا� .ا� -d خSل ا�4 م  ودرج7 '�ارة ا

 

�8D ب$%!*�ام ب�$ر:?A�  7 ا�!;�ب7 تA49 ب��وا���4ت?�  Deep cycle)   , ($ن ا%!*�ام �i$م ا��$-7 ا

     74L$5<�ب��4G. ا&دوات ا!��74D آA� .:�9 ا��$-7 ا&�!4$د:7 و��ه  ا��B OD:_7 &%!*�ام ا��$-7 ا

7-$���74 ا$� . 

 

A
ll 

R
ig

ht
s 

R
es

er
ve

d 
- 

L
ib

ra
ry

 o
f 

U
ni

ve
rs

ity
 o

f 
Jo

rd
an

 -
 C

en
te

r 
 o

f 
T

he
si

s 
D

ep
os

it



www.manaraa.com

111 

 

�!4G??�ات وا�!??8 ت??] ر%??�<$ ت ض??M اداء ج4??� � '??�ة ا�!445??3 و�A??5 ه??=ا ا �&داء ت??Uث� ا�SQ-??$ت ب??A4 ا

��ة �i� A$م       !D��  و�] ت�Q ا��$-?7 -?$درة �+?� اب_?$ء و'?�ة ا�!�PV          8?� 3?445/��$ ا%!/d�V ا��$-7 ا

     .4G�!��4G.، '4> '�ث ��. �8 ا!�و:m'S ا:h$ ان اداء و'�ة ا�!445?3 �!_$رب?7 ج?�ا �/?�     .'$�7 ا

 .Y� �:�9ا%!*�ام [$ز تR2274D��� .  وت�44G ���ر ا��$-7 ا&�!$د:7 ب$��$-7 ا

  

 ب)? ا�R22  8 آ��9د :B o+>!D$-7 ا-?. و:)_?Q� b$�?. اداء ا-?. �_$ر�?7 ب       LPGان ا%!*�ام [$ز 

 آ�9?�د �?8 و'?�ات ا�!445?3 ا�m?'S:LPG        $��?/� O?D أن ا%?!*�ام  .�+?� ا�!? ا�8   % 40و % 35

74D���  . :5 ن �G=ى ب$��$-7 ا
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