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ABSTRACT 

 

Flat Plate Collectors (FPC) is widely used for domestic hot-water, space heating/drying 

and for applications requiring fluid temperature less than 100
o
C. The absorber plate of 

the FPC transfers solar energy to liquid flowing in the tubes. The flow can takes place 

due to thermosyphon effect or by forced convection.  However, certain energy absorbed 

by the plate is lost to atmosphere due to higher temperature of the plate.  The collector 

efficiency is dependent on the temperature of the plate which in turn is dependent on the 

nature of flow of fluid inside the tube, solar insolation, ambient temperature, top loss 

coefficient, the emissivity of the plate and glass cover, slope, etc. The objective of the 

present work is to determine the influence of the emissivity of the absorber surface, 

ambient temperature, spacing between the glass cover and the absorber surface on 

efficiency of flat plate collector. The influence of operating parameters on flat plate 

collector is numerical studied. Methods to reduce the losses and compare with the 

performance of evacuated tube collector (ETC) are proposed by using FORTRAN 

software. Related equations from previous researcher have been included in the 

FORTRAN coding the get the data. The influence of the emissivity of the absorber 

surface, ambient temperature spacing between absorber plate and the glass cover on 

convection heat transfer coefficient, the overall top loss coefficient are theoretically 

estimated. The overall top loss coefficient on the flat plate collector is also theoretically 

determined. It can be observed that the top loss coefficient for the flat plate collector 

where is between 2.59 Wm
-2

K
-1

 until 3.87 Wm
-2

K
-1 

while for the evacuated tube 

collector is 0.7 Wm
-2

K
-1 

until 1.04 Wm
-2

K
-1

, when the plate temperature is 300K until 

350K. 
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ABSTRAK 

 

Pengumpul plat mendatar (FPC) digunakan secara meluas untuk pemanasan air 

domestik, pemanasan ruang / pengeringan dan untuk aplikasi yang memerlukan suhu 

bendalir kurang dari 100
o
C. Plat penyerap dari FPC memindahkan tenaga matahari 

kepada cecair yang mengalir dalam tiub. Aliran boleh berlaku kerana kesan 

thermosyphon atau dengan konveksi paksa. Namun, tenaga tertentu diserap oleh plat 

hilang ke atmosfera kerana suhu yang lebih tinggi dari plat. Kecekapan pengumpul 

bergantung pada suhu plat yang dalam bentuk bergantung pada sifat dari aliran bendalir 

di dalam tiub, sinaran matahari, suhu persekitaran, kerugian atas pekali, yang nisbah 

daripada tenaga radiasi (panas) meninggalkan (yang dipancarkan oleh) permukaan 

untuk yang dari hitam permukaan penyerap penutup kaca dan plat, kecerunan, dan lain-

lain Tujuan dari penelitian ini adalah untuk mengetahui pengaruh nisbah daripada 

tenaga radiasi (panas) meninggalkan (yang dipancarkan oleh) permukaan untuk yang 

dari hitam permukaan penyerap permukaan penyerap, suhu persekitaran, jarak antara 

penutup kaca dan permukaan penyerap pada kecekapan dari pengumpul plat datar. 

Pengaruh parameter operasi pada pengumpul plat datar adalah berangka dipelajari. 

Kaedah untuk mengurangkan kerugian dan membandingkan dengan prestasi pengumpul 

tabung dievakuasi (ETC) yang dicadangkan dengan menggunakan perisian FORTRAN. 

Persamaan berkaitan dari kajian sebelum ini telah dimasukkan ke dalam kod 

FORTRAN bagi mendapatkan data. Pengaruh nisbah daripada tenaga radiasi (panas) 

meninggalkan (yang dipancarkan oleh) permukaan untuk yang dari hitam permukaan 

penyerap, suhu persekitaran, jarak antara plat penyerap dan kaca penutup pada pekali 

perpindahan haba mencapah, kerugian atas keseluruhan pekali secara teori dijangka. 

Kerugian atas pekali keseluruhan pada pengumpul plat mendatar juga secara teori telah 

ditetapkan. Hal ini dapat diamati bahawa kerugian atas pekali untuk pengumpul plat 

mendatar di mana adalah antara 2.59 Wm
-2

K
-1

 hingga 3.87 Wm
 -2

K
-1

 sedangkan untuk 

pengumpul tabung dievakuasi adalah 0.7 Wm
-2

K
-1

 hingga 1.04 Wm
-2

K
-1

 , ketika suhu 

plat 300K sampai 350K. 
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Chapter 1 

 

 

INTRODUCTION 

 

 

1.1 Introduction 

 

The current population of Malaysia is expected to rise from 25.6 million to 

approximately 28 million by the year 2010, with an annual growth rate of 2.4%. With 

this population growth rate the energy demand is also expected to increase, since energy 

consumption is an integral part and is proportional to the economic development and 

total population of a country.. In order to cope with the increasing demand for energy, it 

is universally accepted that renewable energy would be a sensible option in the future.  

 

As Malaysia is located in the tropics, and receives a fair amount of sunshine, 

coupled with large forest and agricultural activities, the interest in renewable energy 

sources like solar energy use, biomass and hydro-electricity is high. Most renewable 

energy conversion can be done with no environmental consequences, and in the case of 

biomass, renewable energy generation provides a cleaner environment, from reduced 

waste or agricultural residues.  

 

The solar energy option has been identified as one of the promising alternative 

energy sources for the future. In any collection device, the principle usually followed is 

to expose a dark surface to solar radiation so that the radiation is absorbed. A part of the 

optical concentration is done; the device in which the collection is achieved is called a 

flat plate collector (FPC). The flat plate collector is the most important type of solar 

collector because it is simple design, has no moving parts and required little 

maintenance. It can be used for a variety of applications such as reheating water (hot 
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water), space heating/ drying in which temperatures ranging from 40
o
C to about 100

o
C 

are required.  

 

People have harnessed solar energy for centuries. As early as the 7
th

 century 

B.C., people used simple magnifying glasses to concentrate the light of the sun into 

beams so they would cause wood to catch fire. More than 100 years ago in France, a 

scientist used heat from a solar collector to make steam to drive a steam engine. In the 

beginning of this century, scientists and engineers began researching ways to use solar 

energy in earnest. One important development was remarkably efficient solar boiler 

invented by Charles Greeley Abbott, an American astrophysicist, in 1936. The solar 

water gained popularity at this time in Florida, California and the Southwest. The 

industry started in the early 1920s and was in full swing just before World War II. This 

growth lasted until the mid 1950s when the low cost natural gas became the primary 

fuel for heating American homes. The public and world governments remained largely 

indifferent to the possibilities of the solar energy until the oil shortages of the 1970s. 

Today, people use solar energy to heat building water and to generate electricity.  

 

Application of solar energy for domestic and industrial heating purposes has 

been become very popular. However the effectiveness of presently used flat plate 

collectors is low due to the moving nature of the energy source. Thus, a program will be 

run and the data from the program will be record. Discussion about the graft from the 

data will be made to make    comparison about the performance of flat plate collector 

with the evacuated tube collector. Before that, the same program will be used to record 

some data about the performance of a flat plate collector with double glasses cover and 

make a comparison with single glass cover. 

 

1.2 Project Background 

 

In the solar-energy industry great emphasis has been placed on the development 

of "passive" solar energy systems, which involve the integration of several subsystems: 

Flat Plate collectors, heat-storage containers, fluid transport and distribution systems, 

and control systems. The major component unique to passive systems is the Flat plate 

collector. This device absorbs the incoming solar radiation, converting it into heat at the 



3 
 

absorbing surface, and transfers this heat to a fluid (water) flowing through the Flat 

plate collector. The warmed fluid carries the heat either directly to the hot water or to a 

storage subsystem from which can be drawn for use at night and on cloudy days.  

 

Since 1900, a large number of solar collector designs have been shown to be 

functional; these have fallen into two general classes: 

 

i) Flat plate collectors: in which the absorbing surface is approximately as 

large as the overall collector area that intercepts the sun's rays. 

ii) Concentrating collectors: in which large areas of mirrors or lenses focus 

the Sunlight onto a smaller absorber. 

 

Since of energy crisis, there has been effort to develop new energy sources as a 

way to solve energy problem and at of there, solar energy has received special attention. 

The resource why solar energy has not been utilized as energy source for generating 

large power is considered as follows. The energy generated depends too much on time 

and seams to supply a stable power needed for a secondary energy source. It will require 

and enormous cost of equipment to effectively take energy at of such a moving energy 

source as the sun, and the energy cost obtained from the sun is comparatively high at 

present.  

 

However, as a result of increase of prices of fossil and nuclear fuels, a feasibility 

of solar energy as a new energy source can be increased, when a very high energy 

conversion efficiency and a reduction of cost of equipment is obtained, due above 

reasons, solar energy is one of the best possible and easily available energy. For the 

betterment of mankind, now a day for various applications with solar energy is in use 

still. Lot of research work is going on to use the available solar energy to maximum 

extent. 

 

1.3 Problem Statement 

 

Nowadays, the renewable energy sources become important to reduce 

assumption and pollution to make energy. One of the sources is solar energy. Two most 
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common solar collectors are flat plate collector (FPC) and evacuated tube collector 

(ETC). Many researchers have made their research to find which one of that solar 

equipment have high efficiency so the solar collector process can be operate efficiently. 

After years, there was many research discussed about this matter. Their situation was 

how to make a solar collector be more efficient by adding some of other gadget or 

parameter in it. This project will discuss and make a comparison between FPC and ETC 

to find which one of them has a high performance. 

 

1.4 Objective 

 

i) Determine the influence of the emissivity of the absorber surface, ambient 

temperature, spacing between the glass cover and the absorber surface on 

efficiency of flat plate collector.  

ii) The simulation operate for evacuate tube collector (ETC) was also been 

made.  

iii) The efficiency and the top loss coefficient of the FPC will be comparing to 

the ETC. 

 

1.5 Scope 

 

i) The focus is the influence of operating parameters on flat plate collector is 

numerical studied.  

ii) Methods to reduce the losses and compare with the performance of evacuated 

tube collector (ETC) are proposed. 
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Chapter 2 

 

 

LITERATURE REVIEW 

 

 

2.1 INTRODUCTION 

 

 This chapter discusses about the previous researches that have been done about 

the related issues with this project. Definition of each term will also be included. 

Renewable energy, solar energy, solar collector are among the interested terms in this 

chapter. The sources of the review are extracted from journal, article, books and webs. 

Literature review is done to provide information about previous research and the 

relevant that can help to smoothly run this project. 

 

2.2 SOLAR ENERGY 

 

Solar radiation we receive on the Earth's surface comes directly or indirectly, 

and the sum of both components is measured as the global radiation. Solar radiation is 

received on the Earth's surface after being subjected to attenuation, reflection and 

scattering in the Earth's atmosphere. The radiation received without change in direction 

is called direct radiation; while that received after its direction has been changed by 

scattering is called diffuse radiation. The sum of both components is called the global 

radiation. Most radiation data are measured for horizontal surfaces.          

 

In this context, “solar energy” refers to energy that is collected from sunlight. 

Solar energy can be applied in many ways, including to: 

 

a) Generate electricity using photovoltaic solar cells. 

b) Generate electricity using concentrating solar power. 
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c) Generate electricity by heating trapped air which rotates turbines in a solar 

updraft tower. 

d) Generate hydrogen using photo electrochemical cells. 

e) Heat water or air for domestic hot water and space heating needs using solar-

thermal panels. 

f) Heat buildings, directly, through passive solar building design. 

g) Heat foodstuffs, through solar ovens. 

h) Solar air conditioning 

 

2.2.1 History of Solar Energy 

 

People have harnessed solar energy for centuries. As early as the 7
th

 century 

B.C., people used simple magnifying glasses to concentrate the light of the sun into 

beams so they would cause wood to catch fire. More than 100 years ago in France, a 

scientist used heat from a solar collector to make steam to drive a steam engine. In the 

beginning of this century, scientists and engineers began researching ways to use solar 

energy in earnest. One important development was remarkably efficient solar boiler 

invented by Charles Greeley Abbott, an American astrophysicist, in 1936. The solar 

water gained popularity at this time in Florida, California and the Southwest. The 

industry started in the early 1920s and was in full swing just before World War II. This 

growth lasted until the mid 1950s when the low cost natural gas became the primary 

fuel for heating American homes. The public and world governments remained largely 

indifferent to the possibilities of the solar energy until the oil shortages of the 1970s. 

Today, people use solar energy to heat building water and to generate electricity.  

 

2.2.2 Solar Radiation in Malaysia   

                                                             

In Peninsular Malaysia, the monthly means of daily solar radiation vary from 

about 4.80 kWh m 2 in the states of Perlis, Kedah, Pulau Pinang and Northern Perak to 

about 3.00 kWh m -2 in the east coast with areas in Langkawi receiving the highest, and 

Kuantan, the lowest. Data for Sabah and Sarawak are only recently available, with the 

coastal region receiving higher solar radiation, but the highlands much lower levels. 

This variation is similar to that obtained between the east coast and the west coast of the 
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peninsular. Measured data from more than 10 years of direct and diffuse solar radiation 

are available only for Penang and Kuala Lumpur. Data available for Penang show that 

the amount of direct radiation is normally less than 60% of the global solar radiation. 

This may give some reduction in performance of the collector system using a 

concentrator. Information on the availability and seasonal variability of global solar 

radiation for most regions of the country is sufficient for successful operation of solar 

powered devices that do not require focusing by concentrator. Statistical analysis shows 

that days with low daily solar radiation occur rarely in the west coast of the peninsula, 

while the east coast experiences a larger variability of daily global radiation.  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.1: Average solar radiation (MJ/m
2
/day) 

 

(Source: Dalimin, M.N.2005) 

 

The issue of rainfall has been raised in several forums, mainly related to the high 

amount of rainfall experienced by the country, especially along the east coast of 

Peninsular Malaysia and on the highlands of Sabah and Sarawak. One may have to look 

at the total solar radiation of these areas, which obviously has some effect. However, the 

duration of rainfall is short and the effect is less than what was earlier thought, as the 

downpour is normally very heavy and only for short periods. The issue of days with no 

sunshine has also been raised. The concern is mainly related to the amount of storage 

needed to cater for energy needs during the sunless days. From statistical data obtained, 
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it has been found that the occurrence of total days without Sun is basically not 

happening in Malaysia. However, in most solar energy systems, in which storage is 

required, three days of storage capacity are normally designed. (Dalimin, M.N.2005) 

 

Different types of solar collectors are used to meet different energy needs. 

Passive solar building designs capture the sun’s heat to provide space heating and light. 

Photovoltaic cells convert sunlight directly to electricity. Concentrating solar power 

systems focus sunlight with mirrors to create a high-intensity heat source, which then 

produces steam or mechanical power to run a generator that creates electricity. Flat-

plate collectors absorb the sun’s heat directly into water or other fluids to provide hot 

water or space heating. And solar process heating and cooling systems use specialized 

solar collectors and chemical processes to meet large-scale hot water and heating and 

cooling needs.   

 

Solar technologies produce few negative environmental impacts during collector 

operation. However, there are environmental concerns associated with the production of 

collectors and storage devices. In addition, cost is a great drawback to solar power. 

Although sunlight is free, solar cells and the equipment needed to convert their direct-

current output to alternating current for use in a house is expensive. Electricity 

generated by solar cells is still more than twice as expensive as electricity from fossil 

fuels. Part of the problem with cost is that solar cells can the parabolic troughs that 

make up this concentrating solar power system generate power from the sun on a large 

scale operate during daylight hours. In contrast, a coal or natural gas plant can run 

around the clock, which means the cost for building the plant can be spread over many 

more hours of use.  
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2.2.3 Advantages and Limitations of Solar Energy 

 

There are the advantages of solar energy:  

 

a) Saves you money 

 

i) After the initial investment has been recovered, the energy from the sun is 

practically free. 

ii) The recovery/ payback period for this investment can be very short 

depending on how much electricity your household uses. 

iii) It will save you money on your electricity bill if you have one at all. 

iv) Solar energy does not require any fuel. 

v) It's not affected by the supply and demand of fuel and is therefore not 

subjected to the ever-increasing price of gasoline. 

vi) The savings are immediate and for many years to come. 

vii) The use of solar energy indirectly reduces health costs. 

 

b) Environmentally friendly 

 

i) Solar Energy is clean, renewable (unlike gas, oil and coal) and sustainable, 

helping to protect our environment. 

ii) It does not pollute our air by releasing carbon dioxide, nitrogen oxide, 

sculpture dioxide or mercury into the atmosphere like many traditional 

forms of electrical generations does. 

iii) Therefore Solar Energy does not contribute to global warming, acid rain or 

smog. 

iv) It actively contributes to the decrease of harmful green house gas 

emissions. 

v) It's generated where it is needed. 

vi) By not using any fuel, Solar Energy does not contribute to the cost and 

problems of the recovery and transportation of fuel or the storage of 

radioactive waste. 
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c) Independent/ semi-independent 

 

i) Solar Energy can be utilized to offset utility-supplied energy consumption. 

It does not only reduce your electricity bill, but will also continue to 

supply your home/ business with electricity in the event of a power outage. 

ii) A Solar Energy system can operate entirely independent, not requiring a 

connection to a power or gas grid at all. Systems can therefore be installed 

in remote locations (like holiday log cabins), making it more practical and 

cost-effective than the supply of utility electricity to a new site. 

iii) The use of Solar Energy reduces our dependence on foreign and/or 

centralized sources of energy, influenced by natural disasters or 

international events and so contributes to a sustainable future. 

iv) Solar Energy supports local job and wealth creation, fuelling local 

economies. 

 

d) Low/ no maintenance 

 

i) Solar Energy systems are virtually maintenance free and will last for 

decades. 

ii) Once installed, there are no recurring costs. 

iii) They operate silently, have no moving parts, do not release offensive 

smells and do not require you to add any fuel. 

iv) More solar panels can easily be added in the future when your family's 

needs grow. 

 

Above are the limitations of solar energy:  

 

a) The initial cost is the main disadvantage of installing a solar energy system, 

largely because of the high cost of the semi-conducting materials used in 

building one. 

b) The cost of solar energy is also high compared to non-renewable utility-

supplied electricity. As energy shortages are becoming more common, solar 

energy is becoming more price-competitive. 


