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Abstract. In this study, an absorption system using ammonia-water (NH3-H2O) solution has been theoretically 

examined in order to meet the cooling need of a detached building having 150 m2 floor area for Antalya, 

Mersin and Mugla provinces in Turkey. Hourly dynamic cooling load capacities of the building were 

determined by using Radiant Time Series (RTS) method in the chosen cities. For the analysis, hourly average 

meteorological data such as atmospheric air temperature and solar radiation belonging to the years 1998-2008 

are used for performance prediction of the proposed system. Thermodynamic relations for each component of 

absorption cooling system is explained and coefficients of performance of the system are calculated. The 

maximum daily total radiation data were calculated as 7173 W/m2day on July 15, 7277 W/m2 day on July 19 

and 7231 W/m2day on July 19  for Mersin, Antalya and Mugla, respectively  on the 23° toward to south 

oriented panels from horizontal surface. The generator operating temperatures are considered between 90-

130°C and the best result for 110°C is found the optimum degree for maximum coefficient of performance 

(COP) values at the highest solar radiation occurred time during the considered days for each province. The 

COP values varies between 0.521 and 0.530 for the provinces. In addition, absorber and condenser capacities 

and thermal efficiency for the absorption cooling system were calculated. The necessary evacuated tube 

collector area for the different provinces were found in the range of 45 m2 to 47 m2.  It is shown that although 

the initial investment cost is higher for the proposed absorption cooling system, it is economically feasible 

because of its lower annual operation costs and can successfully be operated for the considered provinces. 

1 Introduction 

Energy plays an important role in supporting our daily 

life, economic development and every human activity. 
Energy systems are complex as they involve various 

economic, technical, environmental, legal and political 

factors [1,2]. Due to the limitation of fossil energy 

resources, the impact on the environment and the human 

health problems during the last decades, there has been a 

growing interest on developing modeling and 

optimization strategies for many applications including 

cooling [3]. Solar energy is the most readily available 

source among renewable energy sources which can 

provide heat, light, hot water, electricity, and even 

cooling, for homes, businesses, and industry, especially 
in places where electricity is expensive or in short supply. 

With the use of solar energy, usage of conventional 

energy sources and its peak demand will be reduced [4]. 

The use of solar energy for cooling offers the advantage 

of energy availability that is correlated, to some degree, 

to the demand for cooling. This arrangement is especially 

interesting because the hours in which more solar 

radiation is available, are the hours with more cooling 

needs. Currently, one of the most commonly applied 
method is vacuum tube collectors to produce a hot fluid, 

which is used to drive a thermal chiller. Among the 

different thermal technologies, absorption systems offer 

readily available commercial equipment and new 

technological advances [5-8]. 

Absorption systems are similar to vapor-compression 

air conditioning systems but differ in the pressurization 

stage. In general an absorbent, on the low-pressure side, 

absorbs an evaporating refrigerant. The most usual 

combinations of fluids include lithium bromide-water 

(LiBr-H2O) where water vapor is the refrigerant and 
ammonia-water (NH3-H2O) systems where ammonia is 

the refrigerant [9]. 

Turkey has high solar energy potential because of its 

location in the northern hemisphere with latitudes 36–42 

°N and longitudes 26–45 °E. Consequently, it is of worth 

to investigate and conduct research on this solar energy 

source [10]. According to meteorological data which 
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were taken from Turkish State Meteorological Service, 

the yearly average solar-radiation is 3,6 kWh/m2day, and 

the total yearly radiation period is 2610 hours [11]. While 

it seems an advantage for solar powered applications 

conversely it increased cooling requirement. Especially in 

the south coast cities of Turkey where are important 

touristic places and have considerable population cooling 

is very important due to indoor comfort conditions in 

summer season. 

The literature review on solar absorption refrigeration 

cycles shows that a thermodynamic simulation can be 
performed in order to study and analyze the system. 

Some studies have been done in this area and have been 

considered extensively, but the effect of the generator 

temperature in a solar powered single absorption 

refrigeration system by meteorological solar data for a 

house usage depending on the cooling need has not been 

considered in detail. Some of the studies are given [12-

17] and cited therein.  

In this study, an absorption system using ammonia-

water (NH3- H2O) solution has been studied for Mugla 

Antalya and Mersin located along south coast in Turkey. 
This simulation was performed also in order to 

investigate the effect of the generator temperature over 

the COP and for absorption cooling system that uses solar 

energy as a primary source.  

2 Material and Methods 

In this study, an absorption system using ammonia-water 

(NH3- H2O) solution has been hourly examined with the 

help of thermodynamics laws. The system has been 

accepted working with an evacuated tube collector. For 

the analysis, meteorological data such as atmospheric air 
temperature and solar radiation between the years 1998-

2008 of Mugla, Antalya and Mersin provinces in Turkey 

are used. Firstly, cooling load capacity of a detached 

house given in figure 1 for considered provinces are 

hourly calculated by using Radiant Time Series (RTS) 

Method during the maximum radiation occurrence day as 

of July 19 for Mugla and Antalya, July 15 for Mersin. 

Wall thickness of the building including brick, insulation 

and other layers was taken as 0.2 m. It is assumed that the 

detached building is placed anywhere in the considered 

provinces. Also the hourly total heat gain of the sample 
building comprised of wall, window, human, illumination 

and devices were determined by using the RTS method. 

Details of this method were given by McQuiston et al 

[18] and ASHRAE [19]. 

A schematic view of the entire solar absorption 

refrigeration system is shown in figure 2 and the 

pressure–temperature diagram of the absorption cycle is 

presented in figure 3. Absorption cooling cycle consists 

mainly of solar collector, generator, evaporator, absorber, 

expansion valve separator, circulation pump and other 

small parts. 

Figures 2 and 3 illustrate the main components and 
working principles of the absorption refrigeration cycle. 

In the generator, thermal energy is added and refrigerant 

boils off the solution. 

 

Fig. 1. Plan of the detached house for calculation.  

 

Fig. 2. Schematic view of solar absorption refrigeration system 
[12].  

The refrigerant vapor (1) flows to the condenser, 

where heat is rejected as the refrigerant condenses. High-

pressure liquid refrigerant (2) from the condenser passes 

into the evaporator (4) through an expansion valve (3) 

that reduces the pressure of the refrigerant to the low 

pressure existing in the evaporator. In the evaporator, the 

heat from the evaporator load evaporates the refrigerant 

NH3, which flows into the absorber (4). A small portion 

of the refrigerant leaves the evaporator as liquid spillover. 

At the generator exit (8), the steam consists of absorbent-

refrigerant solution, which is cooled in the heat 
exchanger. The weak solution (5) is pumped to the 

generator pressure (7), and the refrigerant in it is boiled 

off in the generator. The remaining solution (8) flows 

back to the absorber and, thus, completes the cycle. In 

order to improve system performance, the solution heat 

exchanger is included in the cycle [12-20]. Due to high 

efficiency at high temperature, the evacuated tube solar 

collector type has been chosen as it can provide good 

performance at the high temperature required by the 

absorption system as stated by Assilzadeh et al [21].  
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Fig. 3. Pressure-temperature diagram of solar absorption 
refrigeration system [22].  

In the model shown in figure 3, QG is the heat input 

rate from the heat source to the generator, QC and QA are 

the heat rejection rates from condenser and absorber to 

the heat sinks, respectively, and QE is the heat input rate 

from the cooling load to the evaporator. 
Some assumptions for thermodynamic analysis of the 

absorption cooling system are as follows [23]: 

 There are steady-state conditions. 

 Evaporator temperature is assumed as 10 °C and 

condenser temperature is assumed 10 °C higher than 

atmospheric air temperature for each stage. 

 Generator and condenser pressures are saturation 

pressure of the refrigerant which corresponds 

condensation temperature.  

 There is saturated refrigerant at the condenser and 

evaporator outlets. 

 Refrigerant vapor's temperature and pressure left from 

generator are equal to generator's temperature and 

pressure. 

 Refrigerant separated from condenser is saturated 

liquid basis (x2=0).  

 Refrigerant separated from evaporator is saturated 

vapor basis (x4=1).  

 Pressure drops and heat losses in components and 

tubes are negligible. 

 The work input into the system is disregarded, 

because pump work is too small. 

 Pump is isentropic. 

 The condenser and the absorber are cooled by the 

same source so the absorber outlet temperature is 

equal to the condenser outlet temperature ( 25 TT  ). 

 The heat exchanger's effectiveness is assumed to be 

60%. 

For the thermodynamic analysis of the absorption 

system, the principles of mass conservation and the first 

and second laws of thermodynamics are applied to each 

component of the system. Each component can be treated 

as a control volume with inlet and outlet streams, heat 

transfer and work interactions. In the system, mass 

conservation includes the mass balance of each material 

of the solution. The governing equations of mass and type 

of material conservation for a steady-state and steady-

flow system are given below [24-25]: 

  oi mm                             (1)  

im (kg/s) and om (kg/s) are the amount of inlet mass 

and the outlet mass flow rates. 

 

UThe first law of thermodynamicsU: 

   io HHWQ              (2)  

Q (kW), W (kW), oH (kW) and iH (kW) express the 

amount of heat  rate taken or given to the system, the 

amount of work taken or given, outlet enthalpy and inlet 

enthalpy. 

A mass flow ratio ( f ) is used as follows; 
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The first law of thermodynamics for the generator and 

from equation (2); 

77

.

88

.

11

.

... hmhmhmQG                (8)  

781

1

.
.).1( hfhfh

m

Q
q G

G             (9)  

 At the condenser, total mass balance and energy 

balance were calculated as follows;  
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12 hhqC                     (11)  

At the evaporator, mass balance and energy balance 

were determined as follows;  

33
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mmm   and from equation (12);  

34 hhqE                      (13)  

At the absorber, mass balance and energy balance 

were given as follows; 
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equation (14);  

1045 ).1(. hfhhfqA                 (15)  

From the cooling load and the equation (13), flow rate 

( 1

.

m ) can be calculated and it is multiplied by specific 

heat to calculate total heat capacities. 

According to the assumptions the energy balance can 

be written as [26]: 

EGAC QQQQ                         (16)  

The cooling coefficient of performance (COP) of the 

absorption system is defined as the heat load in the 

evaporator per unit of heat load in the generator and is 
obtained by: [23, 27]:  

G

E

Q

Q
COP                 (17)  

The ideal cooling coefficient of performance of the 

absorption system is defined with equation (18); 
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Evacuated heat pipe tubes are composed of multiple 
evacuated glass tubes each containing an absorber plate 

fused to a heat pipe as shown in figure 4. They use 

compressed liquid or liquid–vapor phase change 

materials to transfer heat at high efficiency. Each tube 

contains a glass outer tube and inner glass or metal tube 

attached to a fin as the absorber. Air is removed, or 

evacuated, from the space between the two tubes to form 

a vacuum, which eliminates conductive and convective 

heat losses as recorded by Kalogirou [26, 27], Stepherd 

[28] and Beggs [29].  
 

 

Fig. 4. Schematic view of evacuated tube collector [29]. 

As seen in figure 2, a solar collector receives solar 

radiation Qsolar (kW) that is product of the surface area A 

(m2), and the solar radiation perpendicular to the tilted 

surface Itilted (kW/m2) from the sun and supplies Qsol-gen 

(kW) to a generator. It is assumed for the calculation that 

the evacuated solar collector surface is placed with tilted 

angle of 230 degree and oriented to the south direction. 

The solar radiation production on collector surface area 
and the heat output from solar collectors can be 

determined using the Hottel–Whillier equation [12, 

30,31]:  

AIQ titledsolar .                           (19)  

    AWtitledgensol TTUIAFQ  ....     (20)  

where τ is the transmission coefficient, α is the 

absorption coefficient, U is the overall heat transfer 

coefficient (W/m2K), F is the solar-collector efficiency 

factor, TW is the mean water temperature (°C) and TA is 

the ambient air temperature (°C).  

The ratio of supply heat Qsol-gen to the solar radiation 

production Qsol is defined as the thermal efficiency of a 
solar thermal collector η used for the calculation of 

nominal efficiency. [12]:  

solar

gensol

Q

Q 
                     (21)  

]
)(
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F


                     (22)  

Where, the transmission-absorption coefficient τα and 

the overall heat transfer coefficient U are considered as 

0.86 and 0.8 W/m2°C, respectively [32]. 

In the present system, evacuated tube collector is 

preferred due to its higher thermal efficiency comparing 

to the flat type solar collector. Generator temperature is 

taken as 90 0C, 100 0C, 110 0C, 120 0C and 130 0C for the 

analysis.  

3 Results and Discussion  

The obtained results for Mugla, Antalya and Mersin 
provinces are graphically given in figures 5-11. The 

maximum daily total radiation data were calculated as 

7173 W/m2day on July 15, 7277 W/m2 day on July 19 

and 7231 W/m2day on July 19 for Mersin, Antalya and 
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Mugla, respectively on the 23° tilted and oriented toward 

south surface, and its daily variation is presented in figure 

5. As seen solar energy is only available between 7:00 

and 18:00. The maximum hourly radiation values were 

calculated as 880.39 W/m2  between 11:00-12:00, 845.89 

W/m
2
 between 12:00-13:00 and 850.44 W/m

2
 between 

12:00-13:00 for Mersin, Antalya and Mugla, respectively. 

All calculations and graphs are drawn for these hours and 

days.  

 

Fig. 5. Daily variation of mean solar irradiation along the years 
1998-2008 for the maximum values at 23°tilted surface.  

For a constant effectiveness of 60% at the heat 

exchanger, an optimum temperature is determined to be 
used at the generator, while higher and lower temperature 

decrease the system COP. For this analysis, generator 

temperature value was found to be as TG=110° C for all 

provinces as seen in figure 8. Figure 6 displays the 

variation of COP values at different generator 

temperatures for Antalya province. Although 110°C 

generator temperature provides a bit lower COP at 

morning and evening time, it is higher than all at noon 

time which solar radiation (figure 5), cooling load (figure 

9) and atmospheric air temperature (figure 7) at about 

their maximum values.  

 

Fig. 6. Hourly variation of the COP for five different generator 
temperatures for Antalya on July 19.  

 

Fig. 7. Variation of atmospheric air temperature for considered 
days.  

 

Fig. 8. COP variation as a function of the generator temperature 
for Mersin, Antalya and Mugla. 

The COP values  are determined from the obtained 

results that the highest COP and its time yield 0.530 at 

13:00, 0.524 at 13:00 and 0.521 at 12:00 for Mugla, 

Antalya and Mersin, respectively as seen in figure 8. It is 

found that TG=110 °C is the optimum generator 

temperature for all provinces (figure 8). Variation of the 

cooling load of the sample building having 150 m2 floor 

is given in figure 9. It is found that cooling load demands 

of the house at different cities are strong function of 

temperature, radiation and time of the day and it is in the 

range of 3.08-11.15 kW for Mersin, 2.93-11.18 kW for 
Antalya and 2.14-11.29 kW for Mugla, respectively. 

Variation of necessary collector surface area TG=110 °C 

for the highest radiation occurred days is presented in 

figure 10. As seen it decreases with increasing solar 

radiation around noon. For this simulation, necessary 

collector area is chosen according to the highest cooling 

demand. Because, at morning and evening hours due to 

the lower solar irradiation necessary collector areas and 

cost of the solar-absorption cooling system become 

extremely high. Therefore, mean collector surface areas 

for each province is calculated with respect to the values 

between 9:00 and 16:00 which are enough for the 
maximum cooling need time during this period. For this 

purpose, the selected collector areas at 110 °C generator 

temperature are 47 m2, 46 m2 and 45 m2 for Antalya 

Mersin and Mugla, respectively.  
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Fig. 9. Hourly variation of cooling load during maximum 
radiation occurred days.  

 

Fig. 10. Daily variation of needed collector area during the 
maximum radiation occurred days for different provinces at 

TG=110 °C.  

Daily variations of thermal efficiency of the 

evacuated solar collector for the three provinces at 

optimum generator temperature 110 °C is presented in 

Figure 11. Higher thermal efficiency occurs when the 

generator temperature equal to 110 °C  similar to the  

COP trends.  

 

Fig. 11. Hourly variation of thermal efficiency of the evacuated 
solar collectors at TG=110 °C.  

4 Conclusions 

In this study, the first law of thermodynamics is applied 

to a solar powered absorption cooling system designed 

for a detached house with 150 m2 floor area in south coast 

regions of Turkey. The COP, thermal efficiency, cooling 

load, necessary panel areas for each provinces are 

calculated from the thermodynamic properties of the 

working fluids at various operating conditions by using 

the developed mathematical model. 

 Maximum daily total radiation data were 

calculated by using meteorological data as 7173 
W/m2day on July 15, 7277 W/m2 day on July 19 

and 7231 W/m2day on July 19 for Mersin, Antalya 

and Mugla, respectively on the 23° tilted panel 

surface. 

 The results show that COP of the cycle increases 

with increasing generator temperature to 110°C, 

and then it decreases with increasing temperatures. 

Therefore, the optimum generator temperature for 

the  proposed system is 110°C.  

 When the evaporation temperature is maintained 

at 10°C, the maximum COP values of cooling 
systems are in the range of 0.521 and 0.530 for 

maximum radiation occurred time of the day in the 

provinces. 

 As solar radiation strength and the atmospheric air 

temperatures increase, the COP values decreases. 

 The necessary evacuated tube collector area for 

the different provinces were found in the range of 

45 m2 to 47 m2. 

 Higher thermal efficiency occurs 0.706, 0.709 and 

0.706 for Antalya, Mersin and Mugla, respectively 

when the generator temperature is equal to 110 °C. 
Absorption refrigeration systems are more economical 

than vapor compression systems, since in the previous 

one heat energy is used rather than electrical. In lithium 

bromide-water system it is not possible to cool below 

0°C; however, systems with ammonia-water (NH3-H2O) 

solution have larger temperature intervals. Hot water or 

waste steam can also be used as a energy source, and it 

has been recently applied for cooling purposes.  The main 

disadvantages of the absorption system are that higher 

investment cost and lack of very low evaporator 

temperature like conventional refrigeration machines.  
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