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Abstract- A small scale solar absorption cooling system has 

been designed, fabricated and tested. The performance of the 

system has been analysed under the meteorological 

conditions of Malaysia. The system consists of two main parts 

which are evacuated solar collector and absorption cooling 

system. In this study the evacuated solar collector tubes was 

fabricated in our laboratory by recycled materials. The 

absorption cooling system is divided into four main 

components which are generator, condenser, expansion valve 

and evaporator. A series of experiments were performed to 

analyze the performance of the system at Melaka location. In 

this paper the experiment results can be categorized into 

sunny and semi-cloudy days. The maximum efficiency for 

evacuated tube solar collector was 64.7% and 52.1% for 

sunny and semi-cloudy days, respectively. The maximum 

value of solar fraction from sunny day and semi-cloudy day 

were 0.67 and 0.58, respectively. The solar system provided 

17.5% and 7.75% of overall energy required in running the 

cooling system in sunny day and semi-cloudy day, 

respectively. The results showed that any increase of energy 

at evaporator as a result of increase in solar radiation will 

increase the efficiency of the solar collector as well as the 

performance of the absorption cooling system. 
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I. INTRODUCTION 
 

The burning of petroleum to produce energy has brought 

a serious effect to our environment. In addition, year by 

year, the price of petroleum is getting higher and the 

availability of petroleum on the Earth is getting lesser. 

Therefore, some alternative energy can be used to replace 

petroleum and save the environment. Solar energy is a 

natural resource that is free, renewable and cleans from 

any pollution. By using solar energy to assist in our daily 

application, we can reduce the depending of burning 

petroleum to produce the energy.  

Solar assisted absorption cooling system not only helps 

in reducing the cost of energy consumption for electrical 

energy; it also helps in saving the environment. The solar 

cooling system was generally comprised of three sub-

systems which were solar energy conversion system, 

refrigeration system and cooling load [1]. The appropriate 

cycle in each application depends on power, cooling 

demand, temperature levels of the refrigerated object and 

environment. A number of possible „paths‟ from solar 

energy to cooling applications are shown in Figure 1[1]. 

Many researchers have been studied theoretically and 

experimentally of the solar assisted absorption cooling 

system [2-7]. Ammonia water and lithium bromide-water 

absorption units are the most suitable for solar applications 

[2]. Many researchers have developed and studied 

theoretically and experimentally solar assisted absorption 

refrigeration systems using ammonia-water as a working 

fluid (2, 8-11).  

 
Fig.1. Possible solar cooling paths [1]. 

 

The aims of this paper were to design and fabricate a 

prototype of evacuated solar collector assisted absorption 

cooling system using ammonia -water as a working fluid 

for room cooling purpose, and to study the performance of 

the system under Malaysia climatic condition (Melaka 

location). 

 

II. EXPERIMENT SET-UP 
 

A. System Description 
A solar assisted absorption cooling system had been 

designed and built as shown in the Figures 2 and 3. The 

evacuated solar collector tubes were fabricated in our 

laboratory by recycled materials. The copper pipe was 

used to transfer heat of chemical (Methanol was used) 

when it was been heated. The copper pipe was placed 

inside the glass bottle to form vacuum tube. The chemical 

was vaporized inside copper pipe and transfer heat upward 

to the collector head (manifold). The end of the copper 

pipe was welded so that the chemical inside the pipe 

would not leak. The copper joint above the copper pipe 

was used to connect the vacuum tube and the manifold.  

The copper pipe was surrounded by steel thread so that the 

copper pipe could trap more heat. To reduce the surface 

heat loss on the manifold, a thermal insulated was used to 

cover the manifold. During sunny day, the Methanol 

(99.85%) inside the heat pipes was heated up and 

vaporized and flowed upward naturally to transfer the heat 

in which water passing through the solar collector. The 

volume of water flowed was controlled by the valves and 

pump. After that, the hot water was stored inside the 
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generator and exchanged heat with the refrigerant, which 

was ammonia solution. The volume and flow direction of 

the ammonia refrigerant were controlled by the valves and 

pump.  

If the heat from solar is inadequate to heat the water to 

exchange heat inside the generator, the thermocouple and 

sensor were automatically reacting and giving the signal to 

the contactor to turn on the water heater for running the 

refrigerator cycle. The water heater and temperature 

controller system were operated by electrical energy. The 

refrigerator cycle is continuously functioning by using the 

solar collector. At this cycle, the solar energy was assisting 

the water heater to produce heat to the generator. 

The experiment was divided into two parts, solar 

collector and absorption cooling system. The component 

specifications and characteristics of the system parameters 

were shown in the Table 1.  

All the components were connected and properly placed 

as shown in the Figure 3. 

 
Fig.2. Schematic diagram of solar assisted absorption 

cooling system 

 

Table 1: Component specification and characteristics of 

the system parameters. 

Type of 

component 

Component Q Dimension 

(mm)/ 

Specification 

Vacuum 

Solar 

Collector 

Glass Tube 10 270,60 

Copper Tube 10 350, 9.5 

Glazing 1 1372 x 610  

ETC stand 1 610 x 160 

Heat 

exchanger 

Generator 1 380 x 310 x 155  

Condenser  1 600 x 240 x 480 

Evaporator 1 720 x 200 x 250 

Reservoir Water Tank 1 535 x 525 x 250 

NH3 Tank 1 330 x 230 x 210 

Chemical Methanol / 0.1L 

NH3 (25%) / 1 L 

Connection Pipes / 4m ( 9.5) 

Pump 2 2400L/H 

Valve 4  9.5 

Temperature 

controller 

Controller 1 - 

Contactor 1 - 

Thermocouple 1 Detector up to 

200
o
C 

Heater 1 Capacity = 1kW 

 

 
Fig.3. The completed experiment set up 

 

B. Mathematical Model 
In most of the solar system, energy gain from the solar 

collector is a very important parameter in analyzing the 

performance. The useful energy gain of collector surface 

area (power) was given by: 

Qu =  Cp (Tout – Tin)     (1) 

Where  is the mass flow rate of the fluid, Cp is specific 

heat at constant pressure, Tout is the fluid temperature after 

flowing out the solar collector, Tin is the fluid temperature 

before flowing in the solar collector. The collector 

efficiency was a very important parameter that used to 

analysis the performance of the solar collector. The 

efficiency of the solar collector is:  

                        (2) 

Where Qu is calculated from the equation (1), is the 

collector efficiency, Ac is the collector area and I is the 

instantaneous solar radiation incident on the collector per           

unit area. In this study, a square shaped tank is used as the 

water storage tank. The heat lost of the tank can be 

calculated by using equation (3).  

Qs = (U A) strg (Tl – Ta)      (3) 

Where Qs is the heat loss of the tank, Tl is the 

temperature of water inside the tank, Ta is the ambient air 

temperature and the (UA) strg is the loss coefficient of the 

storage tank. The loss coefficient of the storage tank can 

be calculated by: 

      (4) 
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Where k is the thermal conductivity and d is the 

thickness of insulation, h is the convective heat transfer 

coefficient and As is the exposed area of the tank. The 

conduction resistance of the water tank wall was ignored 

in this study because of the thickness of the water tank is 

very thin. The heat was absorbed by the refrigerant when 

vaporizing the refrigerant and the cooling effect was 

produced when absorption of heat occurred. The 

evaporator heat absorption is given by equation (5): 

      (5) 

Where  is the mass flow rate of the refrigerant 

(ammonia solution) and  is the enthalpy changes of the 

refrigerant when passing the evaporator. The Solar 

Fraction (SF) is also a very important parameter in 

measuring the solar energy performance. It is defined as 

total energy provided by solar system over the total 

amount of energy required for the whole system. The SF 

cab be calculated by:  

SF =       (6) 

Where Qu is given in equation (1), Qs is given in 

equation (3) and Qe is given in equation (5). The 

coefficient of performance of the cooling/refrigerator 

(COPR) system is given in the equation (7).  

COPR =           (7) 

Where is the heat is produced to form the cooling 

effect and  is the total work input to the system. 

 

III. RESULTS AND DISCUSSIONS 
 

An experiment of evacuated solar collector assisted 

absorption cooling system was done in March 2012 at the 

location in Melaka, and in this paper the two reprehensive 

days for sunny and semi-cloudy days were presented. An 

overall area of 0.509m
2
 for the solar collector was used for 

the experiment. The data was recorded hourly from 9:00 to 

18:00.  The average hourly radiation of typically sunny 

and semi-cloudy days in March around Melaka is shown 

in Figure 4, while Figure 5 shows the ambient 

temperatures for typically sunny and semi-cloudy days in 

March. 

 
Fig.4. Average hourly radiation of typically sunny and 

semi-cloudy days in March in Melaka. 

 

 
Fig.5. Average hourly ambient temperature of typically 

sunny and semi-cloudy days in March in Melaka. 

 

The energy gain of collector surface area can be defined 

as the power gain from the solar collector by solar energy. 

It is commonly used to present the usefully power gain 

from the solar collector to the system. The energy gain of 

collector surface area versus time is shown in Figure 6. 

 
Fig.6. Energy gain of collector surface area versus time. 

 

Figure 7 shows the collector efficiency of the 

experiment versus time. The collector efficiency for 

evacuated solar collector is mainly depending on energy 

gain of collector surface area, collector area and changing 

of inlet and outlet temperature of fluid flow through the 

collector. It can be defined as energy received from the 

solar collector over the energy supply from the sunlight 

that hit to the ground. The reason of efficiency was not 

consistent was the solar radiation was fluctuation from the 

time to time. 

As seen from the Figure 7, the maximum efficiency for 

evacuated tube solar collector was 64.7% and 52.1% for 

sunny and semi-cloudy days, respectively. 
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Fig.7. The collector efficiency of the Experiment versus 

time for sunny and semi-cloudy days 

 

The solar fraction is defined as the utilized solar heat 

divided by the total amount of heat demand. It is one of 

the system thermal analysis and measurement result in 

long-term system performance which is then used in 

economic analysis. Figure 8 shows the solar fraction 

against the time for sunny and semi-cloudy days. 

 
Fig.8. Solar fraction versus time for sunny and semi-

cloudy days 

 

The maximum value of solar fraction from sunny day 

and semi-cloudy day were 0.67 and 0.58, respectively 

(Figure 8). As seen from the Figure 8 that the solar 

fraction of system increase as a solar radiation increase. 

The coefficient of performance (COPR) was the 

common measuring factor to the absorption cooling 

system in evaluating the system performance. The higher 

the value of the COPR, the better is the performance for the 

system. COPR can be defined as the efficiency ratio of the 

amount of the heating or cooling provided by a heating or 

cooling unit to the energy consumed by the system. The 

coefficient of performance for cooling system was shown 

in the Figure 9.                       

 
Fig.9. Coefficient of performance versus time    for sunny 

and semi-cloudy days 

                                                                       

As seen from Figure 9, the maximum values of 

coefficient of performance for sunny and semi-cloudy 

days were 0.55 and 0.42, respectively.  

 

IV. CONCLUSION 
 

A small prototype of evacuated solar collector assisted 

absorption cooling system for tropical climate was 

designed and analyzed under the meteorological condition 

of Malaysia. The solar collector was fabricated by 

recycling of materials in order to bring environment 

friendly message of using solar energy. A series of 

experiments were performed to analyze the performance 

of the system in March, at Melaka location. The 

experiment‟s results can be categorized into sunny day and 

semi-cloudy day. The maximum efficiency for evacuated 

tube solar collector was 64.7% for sunny day and 52.1% 

for semi-cloudy day. The value of solar fraction was 

achieved as high as 0.67 in sunny day and 0.58 in cloudy 

day and the maximum coefficient of performance for 

cooling system was 0.55 and 0.42 for sunny and semi-

cloudy days, respectively. The total energy required to 

maintain the air-conditioner was 10kWh over 10 hours. 

The system contributed 1.75kWh in sunny day which was 

approximately 17.5% of overall energy required and 

82.5% provided by the auxiliary heater. However, the 

system only contributed 0.775kWh in cloudy day which 

was approximately 7.75% of overall energy required and 

92.25% provided by the auxiliary heater. The results 

showed that any increase of energy at evaporator as a 

result of increase in solar radiation will increase the 

efficiency of the solar collector as well as the performance 

of absorption cooling system. 
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