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ABSTRACT 

This study aims to design, fabricate, and study the performance of a thermal cell 

absorber attached to a flat plate absorber collector. Flat Plate Solar Collector (FPSC) is 

widely used in agricultural products for drying applications. An investigation into the 

effect of design parameters on FPSC has been carried out. Flat Plate Base-Thermal Cell 

Absorber (FPBTCA) has been designed and fabricated based on the design parameters 

experiment results which are; absorber base materials (AL), absorber base thickness 

(0.5 mm), the air gap distance between glass and absorber base  (10 mm), the air gap 

distance between glass 1 and glass 2 (0.4 mm), double glass, glass thickness (2.0 mm), 

thermal cell thickness (1.0 mm) and material (SS). The experiment was performed 

using a solar simulator with solar radiation of 700 W/m2. The solar simulator is used as 

the artificial sun, which is exposed to solar radiation for 300 seconds and without solar 

radiation also for 300 seconds. The heat transfer rate of the collector (𝑄̇) and efficiency 

of the collector shows that stainless steel 1.0 mm with aluminum base absorber has a 

higher value which is 412 kJ, 18.21 kW, and 47.08 %, respectively. The performance 

of the outlet temperature in the drying chamber of stainless steel with an aluminum 

absorber has a higher value of energy gain which is 116.08 J at 300 seconds. Evaluation 

under outdoor conditions revealed that the FPBTCA has a lower temperature discharge 

rate as compared to the FPSC. FPBTCA also shows the highest heat absorption (𝑄̇), 

which is 96079.37 J on 4 March 2021, then FPSC, which is 49187.07 J. The highest 

efficiency for FPBTCA at 360 minutes is 30.24 %, and for FPSC is 21.81 %. The 

efficiency of FPBTCA is consistent while the solar radiation is decreased at 120 

minutes and 180 minutes. Mathematical modelling analysis proved that the error for 

energy balance is below 5%. FPBTCA has been introduced to enhance the thermal 

performance and efficiency of solar thermal collector systems. It also has higher heat 

storage capabilities during solar radiation drops when the weather is cloudy.  
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CHAPTER ONE 

INTRODUCTION 

1.1 BACKGROUND OF STUDY 

The solar radiation that reaches the Earth's surface without being diffused is labeled as 

direct beam solar radiation. The sum of the diffused and direct solar radiation is labeled 

as global solar radiation. The effective blackbody temperature of the sun is about 5777 

K. The central interior region's temperature is varyingly approximated at 8 x 106 to 40 

x 106, and the density is approximated about 100 times water (Beckman, 2013). Solar 

energy is known as a renewable energy source (Bahadori & Nwaoha, 2013), and the 

usage of the energy could be minimized with environmental impacts (Panwar et al., 

2011). Solar energy has been used in solar thermal technology such as solar air heating 

systems, solar water heating systems, photovaltic systems, and thermal systems.  

 

Solar thermal technology can be considered as a reliable technology in the 

applications related to industry and household due to its abundant sources of energy. 

Based on history, in 1767, the Swiss scientist Horace Benedict de Saussure was the first 

man who invented and produced flat plate solar thermal collectors (Huff et al., 1950). 

The component inside a flat plate solar thermal collector consists of three layers of glass 

which are used to absorb heat energy from the sun's radiation. Flat plate solar thermal 

collectors are used because it has advantages such as incurring low cost in 

manufacturing, economical maintenance (Colangelo et al., 2016), and environmentally 

friendly.  

 

The principle involved in flat plate solar collectors (FPSC) is to gain as much 

possible radiation energy from the sun by heat absorption. The absorber for a flat plate 

solar collector is coated with a flat black coating to increase the rate of energy gained 

from sunshine. The energy which has been collected is transferred through conduit tubes 

by working fluids (usually water) which are integrated with a heat absorber plate. On 
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that occasion, the warm water transmits the heat energy through the hot water system at 

the same time, stores it in the storage system, which is a backup when the sun's radiation 

is low (John A. Duffie and William A. Beckman, 2006). The performance of solar 

collectors is analyzed using Thermodynamics analysis.  

 

There is an important issue related to the solar energy system, which is the cost 

of the system (S. A. Kalogirou, 2008). Basically, it is very expensive to develop solar 

technology systems. Based on that argument, economic analysis is a very important 

aspect that should be considered when developing the solar collector. The researcher 

has been studying the impact of solar water hot systems on the economical and 

environmental  prospects(Ardente et al., 2005; S. A. Kalogirou, 2004; S. A. Kalogirou, 

2008; Tsilingiridis, G. et al., 2004). 

 

Malaysia consists of Peninsular Malaysia, Sabah, and Sarawak. The West and 

east of Malaysia are separated by the South China Sea (Muhammad-Sukki et al., 2011). 

Malaysia is also a tropical country located at the equator and strategically located. Based 

on the statistics, Malaysia has received approximately 400–600 MJ/m2 of monthly solar 

radiation (Mekhilef et al., 2012). The average daily solar insulation is about 5.5 kWm2, 

equivalent to 15 MJ/m (Shafie et al., 2011). Malaysia's climate is suitable for  its solar 

energy usage as a renewable source with 10 hours of predictable daily sunlight (Gomesh 

et al., 2013). 

 

The purpose of this study is to design a flat plate solar thermal Aluminum 

absorber (base) collector with an absorber thermal cell. The different absorber thermal 

cell material is investigated to find the best absorber thermal cell that can be used when 

designing a new design of Flat Plate Solar Collector (Aluminum and Stainless Steel). 

The design parameters involved in this experiment are absorber base-collector 

thickness, absorber collector materials, air gap distance, double glass and glass 

thickness, thermal cell thickness, and material. The experiment was done indoor and 

outdoor to determine the experimental data for Flat Plate Solar Collector (FPSC) and 

Flat Plate Base-Thermal Cell Absorber (FPBTCA). The development of mathematical 

modelling for the flat plate solar thermal Aluminum absorber (base) collector with 

absorber thermal cell system will be modelled. Mathematical modelling is performed 
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to compare with the experiment to find the correlation data. The absorber will then be 

integrated into an open cycle drying chamber with energy storage ability to optimize 

system performance for the indoor and outdoor experiment. The venue for the indoor 

experiment was at IIUM campus Kuantan, while for outdoor was at Beserah, Kuantan, 

and the experiment was conducted to gather the data and to compare it with 

mathematical modelling. 

 

 

1.2 RESEARCH PROBLEM  

i. Drying chamber system:  

 

The design of flat plate solar collector with different locations of drying chamber has a 

weakness in the flat plate solar collector’s performance. The heat energy is reduced 

when the heat is transferred from the flat plate absorber collector to the drying chamber 

(Choudhary et al., 2020; D. Gao et al., 2020; Nabnean et al., 2016). Basically, the 

current design of a flat plate solar collector is designed with extra insulation, piping, 

and fitting (Mohamad, 1997). Based on the situation, the performance of a flat plate 

solar collector is affected when air flow moves from the flat plate solar collector 

absorber to the drying chamber.  

 

ii. Flat plate solar collector design parameters and materials:  

 

The performance of a flat plate solar collector depends on parameters such as design 

and components. The parameters were absorber collector thickness, absorber collector 

materials, air gap distance, double glass, and glass thickness (M. Faizal Fauzan, 2015). 

Absorber material and design is the most important factor for flat plate solar collector. 

Therefore, the shape of the absorber collector could  affect the efficiency performance 

of flat plate solar (Essalhi et al., 2018). Basically, the design of the absorber collector 

could improve heat transfer (Sharol, 2021). Obstacles' presence is an important factor 

for the improvement of flat plate solar collector performance. Different shapes of 

obstacles and positions produce  different results (A A Razak, 2017; Abene et al., 2004). 

One of the aspects of enhancing the heat transfer capability in the collector is to increase 




