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ABSTRACT 

 

A Domestic Forced Circulation Solar Water Heating System is designed and 

developed in this paper. This system is an autonomous system which provides free hot 

water for one person’s needs at temperature of 65˚C in a normal sunny day. As the 

name of the system is forced circulation system, it needs a water pump to circulate 

tank’s water through the solar heat collector to get heat energy. It is realized with a 

control board based on the Arduino Mega board. The control board controls, the 

functioning of the circulation pump, the level of water into the tank, the solenoid 

valves which are installed at the tank’s inlet and outlet, and the flow rate of the hot 

water consumption from the storage tank. 

The solar thermal collector of the system is fixed in a tilt of 15 degree angle. It 

transfers the solar energy to water when water is circulating by the circulation pump 

through it. Pump runs only when water gets useful energy from the collector and the 

circulation of water is continues until the water temperature become nearly same with 

the temperature of collector.  

The solar thermal collector efficiency in this project can be increased 30% to 40% by 

implementation of a tracking mechanism on the thermal collector but there are time 

and budget limitations in this project. Therefore, a small Dual Axis Solar Tracker 

which is controlling by Arduino Mega board, and track the light in any direction is 

designed to convey the purpose of tracking mechanism, in this project.  

Keywords: Solar Water Heating System, autonomous system, Solar Thermal 

Collector, forced circulation, Dual Axis Solar Tracker, collector efficiency 
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CHAPTER 1 

INTRODUCTION 

1.1 General Background  

Nowadays, there, are large, problems, of using, energy resources. Global warming is 

known as a big problem which is caused by burning fossil fuels such as: burning oil, 

coal, and natural gas for generating electricity and heating water [13]. Energy amount 

which is used households and industries for the purpose of generating hot water is 

huge and is too much expensive. Solar energy is the best choice to solve this problem. 

Using solar energy rather than , fossil fuels improves public health and the quality of 

environment [1]. Thus, solar water heating system seems to be better for the 

environment, such it doesn’t emit harmful emission into the air, and for the planets, 

natural resource [14]. 

In addition, using the solar energy is not only the solution for reducing the greenhouse 

gas emissions produced by burning fossil fuels, it can be used as the easiest way in 

order to save both energy and money [3]. 

Therefore, dependency on solar energy usage is increased these last years. It is 

considered one of the main alternate sources of energy to replace the fossil energy 

resources [15]. 

In most of developed countries, people and Governments are trying to replace the use 

of renewable energy resources with nonrenewable resources. For example, 

Government of Australia is working hard to replace solar water heating systems with 

inefficient electric systems. 

Solar water heating systems uses by the people since around 100 years ago for water 

heating purposes. By the absorber coating development in the last 20 years, the solar 

water heating system became 50% more efficient [2]. 

Figure 1 shows a solar water heater which was using 100 years ago. This system was 

used in the US in 1891. It includes a metal tank (painted black) and placed on a tilted 

roof toward the sun. It usually took all day for the water to heat but after sun set the 

water temperature became cold very soon because the tank was not insulated so all the 

heat energy can easily lose without insulation. 
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Figure 1: One of the first Solar Water Heating Systems [14] 

In this project a Domestic Forced, Circulation Solar Water Heater is developed to 

generate hot, water at temperature degree of around 65˚C. This system includes a 

pump for circulation of water from the storage tank through, the solar collector, two 

solenoid valves at the inlet , and outlet of the tank and also one flow rate sensor at the 

outlet of the tank which is controlled by a microcontroller (Arduino Mega). Controller 

measures the solar collector and tank’s water temperature. If the collector temperature 

is 2˚C greater than water, temperature and also enough water is available into the tank, 

the circulation pump circulates water through the system to get the thermal collector 

energy and become hot. The solenoid valves work based on the water detection sensor 

installed into the tank. If the sensor doesn’t detect the level , of water in the tank, the 

inlet valve is energized and tank will be filled of water otherwise valve is de-energize. 

The solar water heating system in this project is installed in the latitude of 14.02ºN, in 

AIT, Pathumthani, Thailand. 

1.2 Problem Statement  

The quantity of energy which is needed for heating water is a serious problem for 

water heating systems in today’s world. Some people are using electric hot water 

systems, and some others are burning fuels and woods to heat water which create 

many problems as mentioned in introduction. Replacement of solar water heaters are 

good solutions to solve those problems created by the other water heating systems. 

As the forced circulation solar water heaters need a pump to circulate water through 

the system, if the pump runs all the time, the heated water and the energy needed for 

running the pump will be lost. Therefore, a controller is needed to control the 

functioning of the pump. 
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1.3 Objectives 

The overall aims of the thesis are: 

 To develop, and design a domestic forced , circulation solar water heating 

system to provide hot water for one person’s needs.  

 To make an autonomous system, when there is sunshine and the solar heat 

collector, temperature is higher than the temperature of water into the storage 

tank, then the circulation pump circulates water through the solar collector to 

become hot. Otherwise there is no water circulation through the system, and 

the heated water is saved into the storage tank. 

 To design a “smart” computer controlled solar tracking system which tracks 

the sun positions to get the maximum amount of solar radiation  

1.4 Scopes  

 The Forced Circulation Solar, Water Heating System in this project generates 

hot water to provide one person’s hot water demands at temperature of 65˚C 

during the day, and keeps this heated water for at least 24 hours without sun  

 The system circulates water when the temperature of the collector is ,2˚C 

higher than the tank’s water temperature, and also when there is enough water 

available into the storage tank. 

 The solar Tracker in this project rotate 75 degree and 175 degree around X and 

Y axis respectively. 
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CHAPTER 2 

LITERATURE REVIEW 

 

The purpose, of this , chapter is to review some literatures , published on different types 

of water, heating systems. Solar water heating systems, their advantages, 

disadvantages, the difference of these systems with other water heating systems, and 

the systems components which are different types of heat collectors, storage tanks and 

controller are described in this chapter.  

2.1 Water, Heating Systems 

These systems generate energy to heat water. The heated water then can be used for 

different purposes. There are different types of water heating, systems which are using 

by different communities for different purposes. 

To select a water heater for uses, it’s not enough to just think about providing, enough 

hot water. It should be more energy efficient and save our money [27]. 

2.1.1 Storage, Tank Water Heaters 

This type of water heaters are very common, types of water heaters. They can work 

with natural gas,. propane, oil and electricity, and store heated water in a tank. When 

the heated water are used by someone, cold water flows into the tank to replace with 

hot water so a thermostat is required to turns on the burner or electricity element to 

control the water temperature in the storage tank [16]. 

 

Figure 2: Storage Tank Water Heater 

To increase the efficiency of these systems, the losses have to be decreased [16]. 

2.1.2 Tankless, Water Heaters 

Tankless, water heaters are also called as Demand-Type Water Heaters. They are more 

efficient than Storage Tank Heaters, and can provide hot water when it is needed. 
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There is no heat loss with these heaters because they don’t have storage tank to store 

hot water for a long time. They have either electric element or a gas burner [16]. 

 

Figure 3: Tankless, Water Heater 

These water heaters are normally installed near to the shower room or near to the 

consumption place of hot water, and most of them have enough delivered capacity to 

supply enough needed hot water 

2.1.3 Heat Pump , Water Heaters  

These kinds of water heaters act like, reverse refrigerators. They move heated air from 

one place to another place to heat water by a fan [16].  

 

Figure 4: Heat Pump Water Heater 

These systems remove heat and humidity from the surrounded air. Therefore, they are 

more useful in summer. 
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2.1.4 Solar Water Heating Systems 

Solar water ,, heating systems transfer the sun’s solar energy either to any fluid or to air 

by their thermal collectors. These systems generate free hot water which can be uses 

for different purposes such as: industrial purposes, showering, bathing, washing and 

etc. Some of these systems use electrical pump for pumping the fluid through their 

collectors which are called forced circulation systems, but some others don’t need 

pump, and they are called natural circulation systems. They have also a reservoir or 

tank for hot water storage, controller, and heat exchangers [12].  

2.2 Solar Water Heaters Advantages 

Using solar energy, rather than other sources of energies like fossil fuels and gasses 

helps us to reduce our dependence on the harmful energy resources. Therefore , solar 

water, heaters are 50% more efficient than other water heating system. They reduce 

greenhouse gases, improve the quality of the environment, and save our money.  

Cost of solar water, heating systems are usually expensive compare to other water 

heaters but it saves the users money in the long run. Its hot water will be essentially 

free after a few years (4-6 years) usage. 

There are many advantages with the solar water heaters which are explained in detail 

as:  

Environmental 

 Solar water, heaters do not pollute, the environment.  

 It help to avoid CO2, NO, SO2 and wastes which basically created by the local 

utilities when generate power or when burning the fuel to heat domestic water.  

 The replacement of solar water heaters with other water heaters can avoid arond 

50 Tons of CO2 emissions which are generally produced by electric , water 

heaters within around 20 years [12]. 

Economic 

 With using a solar water, heating system the user can save 50% to 85% annually 

on his utility bills over the cost of electric , water heater.  

 The cost of hot water is relevant to the intensity of solar radiation falling on the 

system, and is varying from region to region [11]. 

Long-term  

 After few years in which the system is used by the users, it generates free hot 

water which saves users money, and there would be no worries from future 

fuel shortages and price , increases.  

 These systems are good solutions to reduce the foreign oils usages. It helps to 

be independent.  

 A home which already has a solar water, heater, is good for resale [12]. 
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Disadvantages of Solar, Water Heating System 

 Annual maintenance of the system 

 High initial cost 

 During the winter period only closed loop system which requires a heat 

exchanger with a specific fluid, can works [28]. 

2.3 Sizing the Solar Water, Heating Systems 

To size a solar, water heater, firstly the hot water demand during a day has to be 

determined. After the hot water determination, the total solar collector area and the hot 

water, storage tank are specified according to table 2.2.  

2.4 Types of Solar, Water, Heating, Systems 

In general, there are two common types of solar, water heating systems are 

commercially available which are Natural, Circulation or Passive Solar, Water Heating 

System and Forced, Circulation or Active Solar, Water Heating System [12]. 

2.4.1 Natural,, Circulation Solar Water, Heating Systems 

As the name of these systems mention, there is a natural circulation of water through 

the system. It means that there is no need for any active mechanical component to 

circulate water through the system. They are very simple systems and inexpensive. 

They are popular because of their simplicity, reliability. They consist of heat collector, 

storage tank and associated piping as shown in figure 5.  

 

Figure 5: Schematic of a Natural, Circulation Solar Water Heater [15] 
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The storage tank is located on the top of the solar collector and collector is on a fixed 

tilted mount on the earth surface as shown in figure 5. Cold water coming from 

outside and flow directly through the storage tank then flow to the heat collector to 

become hot [12]. 

These systems need a strong roof to bear the weight of the system when it is full of 

water. 

There are some advantages and disadvantages with Natural Circulation systems as 

follow: 

Advantages: 

 Simple and no need pumps 

 Don’t need any moving, parts 

 Require no electricity  

 Easier to maintain   

Disadvantages: 

 Heavy for the roofs 

 The placement of the tank is always at the top of, collector 

 Less efficient  

2.4.2 Forced,, Circulation Solar ,Water Heating Systems 

In condition where the placement of the storage tank above the heat collector is 

impossible or if we change the placement of the storage tank below the solar thermal 

collector in the desired position as shown in figure 6, a circulation pump is required to 

force water through the heat collector, and through the system.  

Therefore, such kinds of systems are called Active or Forced Circulation Systems. 

The circulation pumps need to run in specific times during the day to carry the 

collector heat energy to water due to water circulation so they need controllers to 

control the functioning of the pump. They are more expensive than passive, systems 

but they are more efficient.  

These systems are also divided in two types: Active, Open Loop and Closed Loop 

Solar Water, Heating Systems [12]. 

2.4.2.1 Open Loop Forced , Circulation Solar Water Heaters 

These types are simpler than closed loop systems, and they require solar collector, 

storage tank, electric pump, temperature controller and piping. There is no heat 

exchanger with these systems so they are more efficient and has lower operating costs. 

They are popular in nonfreezing climates but not appropriate in freezing climates [12].  
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Figure 6: A schematic of an Open Loop, Active Solar Water Heater 

2.4.2.2 Closed Loop Forced Circulation Solar , Water Heaters 

These systems require a heat exchanger, coil or any external heat exchanger. They use 

special liquids (usually glycol fluid) inside the coil which has a lower, freezing point 

than, water. There should be a circulation pump to circulate this fluid through the coil 

and solar ,collector to become hot, and then transfer the heat to water into the storage 

tank as shown in figure 7 [12]. 

 

Figure 7: Forced Circulation Closed, Loop Solar Water , Heater [12] 

Advantages: 

 Closed loop systems can be used in region in which the temperature is under 

freezing.  

 In freezing temperature, the system’s pipes can be burst when water freezes so 

this problem can be solved by using a fluid that has a much lower freezing 

point than water. 

Disadvantages: 
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 Closed loop systems need a heat exchanger which makes it inefficient. 

 Extra materials for the heat exchanger can also raise cost of the system. 

2.5 Solar Thermal Collector 

A solar, thermal collector is a device which is designed to collects the solar heat 

energy, and transfers it to water or air. Thus, the solar collector can be used for either 

water heating or air heating purposes.  

There are different types of solar collectors are commercially available. 

2.5.1 Evacuated Tubes Collectors are made of transparent glass tubes which are 

parallel. Every tube has inner and outer or absorber tubes. The outer tube is covered 

with a selective, coating which absorb solar radiation well and prevent heat losses. 

Evacuated collectors are more energy efficient than other collectors. They can heat 

water at around 125˚C temperature degree. They are appropriate in colder climates.  

A typical system with 10 tubes has a surface area of 1.8m
2
 [6]. 

 

Figure 8: A Typical Evacuated Tube Solar Thermal , Collector 

2.5.2 Concentrating, Heat Collectors are parabolic surfaces which use mirror surface 

to concentrate the solar radiation on an absorber tube which is in front of the surface 

and is called the receiver as shown in figure 9 [10]. Water circulates through the 

absorber tube to get the heat energy of the tubes 



11 
 

 

Figure 9: Concentrated Solar, Thermal Collector [10] 

2.5.3 Tracking ,Collectors 

To captures the maximum amount of solar , energy by the solar thermal collector, 

collector has to rotate toward the sun’s direction all the time during the day. Thus, the 

collector surface has to be kept perpendicular toward the solar radiation.  

Tracking collectors are normally mounted on , a motorized support as shown in figure 

10 to track the sun’s positions. With a solar tracker it is possible to collect around 1.5 

times more solar energy [10]. 

 

Figure 10: Solar Tracking, Collector 

2.5.4 Flat Plate Collector 

Flat, plates are common types heat collectors. They are in the shape of a rectangle 

boxes which are insulated, and have an absorber plate and transparent glass cover. The 

absorber plate is attached with the tubes which circulate water through the collector to 

get the heat energy by the absorber. The tubes are placed about 10 – 15 cm apart. 
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A typical flat plate collector has a surface area of two square meters as shown in 

figure 11 [6]. 

 

Figure 11: A typical Flat Plate Solar Thermal Collector 

Flat, Plate Thermal Collectors compare to Evacuated , Collectors 

Flat plate and evacuated tube collectors have some difference which is expressed in 

below table. 

Table 1: Flat Plate Collector VS Evacuated Collector 

Design 

Parameters 

Flat Plate Collector Evacuated Collector 

Cost Cheaper 10 – 15% more 

expensive compare to 

flat plate 

Warranty Around 20 years Around 10 years 

Reliability Heat water up to 80-85˚C Heat water up to 120˚C 

Structure wind 

loading and 

installation 

Heavier and needs strong 

roof for installation 

Lighter, less wind 

resistance and easier to 

manage on the roofs 

2.5.4.1 Materials of a Flat Plate Collector 

 Absorber: It is the important part of the collector which has to has high 

absorptivity and be able to transmit the heat flow that captured from the sun, 

either to the fluid flows through the collector or through the air. Mostly the 

absorber plate are made of copper, or steel. Black chrome and blue tinox are 

known best choice for coating the absorber plate to absorb the maximum solar 

energy.  



13 
 

 Cover: The plate cover transmits sunlight to capture by the absorber , plate, and 

reduce the heat losses. A more efficient plate has a durable, strong , and high 

transmittance cover.  

 Insulation: Insulation is very important for the efficiency of the solar water 

heaters. Mostly Polyurethane foam is used under the absorber plate, around the 

storage tank and with pipes for insulation. With an insulated system the heat 

losses can be reduced and the efficiency is increased [7]. 

 

Figure 12: Schematic of a Flat Plate, Collector 

2.5.4.2 Working principles of Flat Collector 

According to figure 13 the collector inputs and outputs are solar radiation and heat 

energy respectively.    

In (a) the solar radiation is falling on the absorber plate but there is no pipes and 

insulation with the absorber plate so the captured energy are losing from top, bottom 

and both sides of the absorber plate.  

In (b) water tubes are attached with the absorber plate but there is no insulation so the 

losses are same with (a). 

In (c) the absorber plate is insulated at the bottom and sides of the plate so the heat 

losses of the plate are reduced. 

In (d) the plate is totally insulated in all sides so the heat losses are reduced in the 

maximum possible amount, and water temperature is increased. 
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Figure 13: Working Principles of Flat Plate Heat Collector [7] 

2.5.4.3 Energy, Analysis of the Collector   

Of the total solar radiation which falls on the heat collector, only a part is transmitted 

through its glass cover and strikes the absorber plate and of the transmitted radiation 

on the absorber plate, only a part can be absorbed by the thermal collector, and the 

other parts of solar radiation is lost and reflected as shown in figure 14.  
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Figure 14:  Schematic of a Flat Collector which shows energy analysis 

Energy, Balance Equation of the Heat Collector 

The useful energy delivered by any thermal collector is the difference between the 

solar radiation absorbed and lost by the heat collector.  

In order to design an efficient solar water , heater, it is important to know: 

(a) The heat absorbed [Ha] by the collector  

(b) The total heat losses of the system.  

H (solar radiation in W/m
2
) is incident, on the collector, surface which has surface, area 

of Ac. Therefore, the captured solar radiation by the heat collector can be estimated as 

Qi = Ac * H                                                                       (2.1) 

However, as shown in figure 14 a part of the incident radiation on the collector is 

reflected back to the sky, a small part is absorbed by the glass cover of the collector, 

and the remaining part is transmitted by the glass , cover and captured by the absorber 

plate. Therefore, to estimate the absorbed radiation by the absorber plate, the 

conversion factor (τα) is used in equation 2.1. It is the product of the rate of 

transmission, of the glass cover and the absorption , rate of the absorber. The received 

solar energy by the collector can be estimated by equation 2.2 [29]. 

Qi = Ac *H *(τα)                                                                  (2.2)          

As the heat collector captures the solar energy, its temperature gets high compare to 

the surrounded area. Solar collector is designed in such a way to deliver the collected 

heat to water circulating through the riser tubes but a part of this heat is losing from 

the collector, all around the system. The rate of heat loss depends on the collector 

overall heat transfer coefficient (UL), and the collector temperature. The heat losses 

can be estimated as 
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QL = Ac *UL *(Tp-Ta)                                                           (2.3) 

In an experiment on a flat plate, collector [30] shows that, the Total heat transfer, 

coefficient of flat collector at different time period in a day. 

Table 2: Estimated heat loss coefficient of a Flat Collector  

Time I (W/m
2
) Conventional FPSWH 

UL 

9:30 AM 950 4.20 

10:00 AM 1,000 4.21 

10:30 AM 1,050 4.21 

11:00 AM 1,100 4.22 

11:30 AM 1,125 4.19 

12:00 PM 1,100 4.16 

12:30 PM 1,100 4.12 

01:00 PM 1,050 4.05 

01:30 PM 1,000 3.96 

02:00 PM 950 4.00 

02:30 PM 850 3.89 

03:00 PM 750 3.84 

03:30 PM 600 3.71 

04:00 PM 420 3.44 

 

To calculate the heat . losses and useful energy gained by the system, equation 2.4 

which is called energy balance equation can be used for any thermal system. 

Qu = Qi – ,Ql                                                                 (2.4) 

From equation (2.2) and (2.3) the useful energy gained by the collector can be 

estimated as  

Qu = Ac *H *(τα) - Ac *UL (Tp-Ta)                                                 (2.5) 

The heat extraction rate from the collector is also known the amount of , heat carried 

away in the fluid which is passing through it, that is: 
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Qu = m *cp (Tf,o, - Tf,i)                                                      (2.6) 

Defining Tp is difficult in equation 2.5 so FR is defined which is the ratio of actual 

,useful energy ,gain of the collector to the useful , gain. This quantity is known as the 

collector heat ,removal factor (FR) and it is expressed as 

FR = m *cp (Tf,o, - Tf,i) / Ac *[Ha – UL *(Tf,i – Ta)]                                   (2.7) 

Ha = H *(τα)                                                              (2.8) 

Therefore, QU is defined as 

Qu = FR *Ac [Ha – UL (Tf,i – Ta)]                                             (2.9) 

Ratio of the maximum energy gained by the collector, by the maximum possible ,solar 

energy on the collector ,surface is determined as FR which is expressed in equation 

2.10. 

                                      FR = m *Cp (Tf,o – Tf,i) / Ac [Ha- UL(Tf,i-Ta)]                                    

                             FR= m *Cp / Ac *UL [1-exp(-Ac *UL *F’/ m *Cp]                  (2.10) 

The collector efficiency, factor (F’) in equation 2.10 can be calculated as 

F’ = (1/ UL) / w *[1/ UL *(2L *F + D) + 1/ᴨ *Di *hf + 1/Cb]                             (2.11) 

Where, L, W and D can be defined according to figure 15. 

The fin, efficiency factor (F, which measure heat transfer, to the base of the tube from 

the fin, sides) is calculated by equation 2.12.  

F = [tanh (m *l)/m *l]                                                        (2.12)  

m
2
 = UL / kt                                                              (2.13) 

 

Figure 15: Schematic diagram of an Absorber Fluid Tubes System [7] 

Equation 2.9 is widely used for measuring the collector energy gain. It is known as the 

Httel-Whillier-Bliss equation. 
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2.5.4.4 The Collector efficiency 

Efficiency of any heat collector panel is defined as [7] 

Ƞ = Qu / Ac *I                                                            (2.14) 

Ƞ = FR *Ac [Ha – UL (Tf,i – Ta)] / Ac *I                                          (2.15) 

Ƞ = FR *τα - FR *UL (Ti – Ta / I)                                               (2.16) 

If FR, τ, α and UL for a given collector and flow rate are assumed to be constant, then 

the efficiency of collector is a linear, function of the following three, parameters as 

shown in figure 16. It defines the operating condition. 

 I, total solar ,radiation 

 Ti fluid temperature, at the inlet 

 Ta ambient temperature 

 

Figure 16: Performance of different Thermal Collector types 

Example 2.1: The specifications of a flat plate collector are given as:  

Ac = 2m
2 

UL = 4.12W/m
2
k 

Tp = 75C˚ 

Ta = 33C˚ 



19 
 

The collector heat losses can be estimated by using equation 2.3.  

QL = 2m
2
 * 6W/m

2
k (75C˚- 33C˚) = 504 W                                    (2.17) 

2.5.4.5 Collector tilt 

The flat plate heat collectors are generally fixed in a tilted angle. The tilt angle of 

collector is defined in the design stages of the collector. With a proper tilt angle panel 

can capture more solar energy by the heat collectors. Generally the best angle should 

be equal to the latitude of the location that the system is being installed [7]. 

2.5.4.6 Orientation of the Collector 

The direction of heat collectors is important for capturing more solar energy. To 

choose a proper direction for solar collectors their performance can be increased. 

Therefore, for Southern , Hemisphere, the collector face have to be in the north 

direction but for Northern, it has to be in south direction [5]. 

 

Figure 17: Direction of the collector installation [5] 

2.5.4.7 The collectors distance from obstacles  

The heat collector location is also an important, aspect of planning for installations. 

There should be no obstacles in front or around the collector because of the 

shadowing problems. The aesthetical problem of collector also have to be considered. 

To choosee a place for the collector installation, equation 2.18 has to take into 

consideration.  
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Figure 18: Obstacles distance in front of the collector [5] 

d, = h, / tanα                                                                   (2.18) 

2.6 Solar Tracking Systems 

The solar thermal collector , and photovoltaic panels are, normally installed in a fixed 

position at a tilted angle to receive the sun’s radiation. The source of solar , radiation 

which is sun and the receiver which can be any surface on the earth, are not constant. 

Any particular surface on the earth is moving all the time with respect to the sun and 

when the desired surface can get the maximum possible energy from sun, when the 

radiation falling on the surface is vertical [32]. Therefore, the fixed solar panels receive 

only a part of the solar radiation because the surface of the panel cannot be in the 

direction of the, sun all the time. 

To receive and capture the maximum, possible solar energy by the solar panel, panel has 

to rotate ,continuously toward the direction of the sun. 

Solar, tracking, system are devices that include a solar panel to tracks, the motion of the 

sun across the sky. It receives the maximum amount of sunlight by the solar panel 

throughout the day. 

2.6.1 Methods of tracker, mounts 

The solar trackers typically have two kinds of axles for rotations [32]. 

a. Single, axis tracker 

b. Double, axis tracker 

Single, axis trackers have either horizontal or vertical axles and can rotate only in one 

direction but double axis trackers have both horizontal , and vertical axles [32]. It can 

rotate the surface of the panel everywhere.  
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2.6.2 Drive, methods 

There are two types of trackers based on the drive, methods 

a. Active, tracker: usually use motor and gear train to direct the tracker as 

commanded by a controller responding to the solar direction [32]. 

b. Passive, tracker: use gas fluid with a low boiling point. 

2.6.3 Comparison , of a Fixed Solar Panel and Solar Tracker 

According to Dual Axis Solar Tracking System project [31] in which a 24V solar panel 

is tracking the sun positions, and a 24V battery is plugged with it, the power and 

voltages with tracking system and without tracking system at different times in a day 

are shown in table 3 and table 4 respectively. 

Table 3: Voltage without tracking and with tracking , system 

Time Voltage without tracking Voltage with tracking 

11:10 AM 19.82V 21.05V 

12:10 PM 13.87V 23.50V 

1:10 PM 13.67V 24.01V 

2:10 PM 13.19V 22.06V 

3:10 PM 12.60V 21.10V 

4:10 PM 12.60V 20.60V 

 

Table 4: Power with, tracking and without, tracking system 

Time Power without tracking Power with tracking 

11:10 AM 13.87W 14.73W 

12:10 PM 9.70W 16.45W 

1:10 PM 9.56W 16.80W 

2:10 PM 9.23W 15.44W 

3:10 PM 8.82W 14.77W 

4:10 PM 8.82W 14.04W 

2.7 Water Storage Tank 

To store the hot water which is created by the solar thermal collector during the day, a 

storage tank is needed to be used. Solar water heating system’s storage tanks have to 

be insulated for reducing the heat losses to keep the heated water for at least one and 

half day in storage tank without sun. Hot water, storage tanks are using for 

commercial, residential, industrial, and heating applications.  

 Domestic hot water 

 Heating the spaces 

 Pool heating 

 Process, heating 
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There are different storage tanks sizes are commercially available. Their sizes begin 

from one person’s needs to large sizes for urban and industrial applications.  

2.7.1 Types of Hot Water, Storage Tanks 

Hot water storage tanks are normally made of the following materials: 

 Stainless, steel  

 Copper 

 Vitreous, enamel lined steel 

 Plastic, or rubber 

Stainless steel and copper storage tanks have very good properties compare to other 

storage tanks. They are durable, have larger life and suffer from corrosion. Therefore, 

most of the solar water heater’s tanks are built with stainless steel and copper.  

2.7.2 Tank Capacity 

Based on the amount of daily hot water consumption, a storage tank’s size can be 

defined. When this demand is determined, the volume of the storage tank can be, 

specified [8]. 

A small (150 to 250 liters) tank is usually enough for one to three people’s needs. A 

medium (350 liters) is sufficient for three to four persons. A large tank is appropriate 

for four, to six persons. The collector size has to be increased or decrease by increasing 

or decreasing the storage tank size [8]. 

The volume of the tank should be about 1.5 to 2 times greater than the daily water 

consumption. 

2.8 Circulation , Pump 

To circulate, water through the ,collector a hot water circulation pump is required for 

the system. There are different types of AC and DC , pumps are commercially 

available. Some of DC pumps are powered by photovoltaic , panel which is also 

installed with the heat collector panel as shown in 19 [2]. 
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Figure 19: A Typical DC Solar, Pump used in Solar Water, Heating System 

2.9 Controller 

Controller is very important part of the forced , circulation system. It controls the 

functioning of the circulation pump. 

Temperatures of the heat collector and water into the tank are measured by two 

temperature sensors which are installed on the collector and into the tank. When the 

heat collector temperature is higher than the water temperature, pump runs and 

circulate water through the heat collector.  

Usually, controller sets when the collector temperature is 2˚C higher than water 

temperature, then the circulation pump run. Otherwise pump is off [5]. 

There are different types of controllers commercially available in the market which 

one type is shown in figure 20. 

 

Figure 20: Resol Deltasol Controller [5] 

2.10 Affected, factors on the, performance of the SWHS  

 Solar system, sizing 
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 Solar radiation, amount 

 The water temperature at the inlet of collector 

 Actual, water consumption 

 Ambient air temperature around tank and collector and solar flow and return 

 Piping and system’s insulation 

2.11 Hot water, demand 

Of the total energy consumption in buildings, water heating takes a major part which 

is around 18% in the residential sector. Therefore, an accurate estimation is needed to 

provide the daily consumption of hot water. 

To dimension domestic solar water, heating systems, the estimation of hot water, 

which depends on the users’, habits, is required [8]. 

Individual hot water consumption by a resident or a person is different in each country 

related to users and appliances. The demand of hot water in the UAE, is around 120 

liters per person per day which is two times greater than the need of a household , 

members in Europe [26]. 

According to Perlman and Mill data (1985), daily household hot water use for a 

typical household with four persons was 63.1 gallons (239 Liters). 

The average hot water per person is 75 liters per day in Canada [16].  

The four main uses of hot water in the home are showers, faucets, clothes washers and , 

dishwashers. 

 

Figure 21: Main uses of hot water by the household 

According to U.S. Energy Department, Energy, Management Program [27], to 

properly size a storage tank, using the water heater’s first hour , rating is a good 
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method. The first hour rating is the total hot water the system can supply in one hour. 

It depends on tank capacity and source of heat.  

The first ,hour rating may be mentioned in manufacturer’s product describtions.  

To estimate the peak, hour demand, the users should:  

 Define when, they use the most hot water amount in their home.  

 Estimate the water demand at that specified hour by the below table.  

The below table shows a total peak , hour demand of 35 gallons. Therefore, this 

household will need a water heater with a first hour, rating of 33 to 37 gallons. 

Table 5: First Hour Rating Method 

Use Average 

gallons of hot 

water per 

usage 

 Time used 

during one 

hour 

 Gallons 

used in 

one hour 

Shower 9 x 2 = 18 

Shaving 2 x 1 = 2 

Hand 

dishwashing 

4 x 2 = 8 

Clothes 

washer 

7 x 1 = 7 

   Total daily 

demand 

= 35 

After the storage tank is specified by the daily hot water demand, the thermal collector 

size can be defined according to table 6. 

Table 6: Dimensioning of the Solar Collector and Tank 
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2.12 Solar energy 

Solar energy is a significant source which gives us light, energy for heating purposes 

and takes an important role on plants’ growth. 

The earth receives only a little amount of the whole emitted power by the sun. Some 

amount is reflected back to the space and some amount is absorbed by clouds, dusts, 

and greenhouse gas, such as water, vapor, carbon dioxide, and ozone [7]. 

2.12.1 Solar energy attenuation   

Of the total of solar radiation only emitted by the sun, a part is received by the earth 

surface as shown in figure 22 [7]. 

 

Figure 22: The Sun’s radiation attenuation [7] 

2.12.2 Angle, of incidence  

The sun’s radiation which is in the form of electromagnetic, energy travels in the form 

of a straight line. The angle at which these solar radiations make with any plan on the 

earth surface with respect to vertical axis is called the angle of incident. Any plan with 

an incident angle close to zero, receive more solar energy [7]. 
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Figure 23: Angles of Incidence on the earth surface [7] 

2.12.3 Solar energy in Afghanistan 

Afghanistan is located in South , Asia between latitude 33º N and longitude 65º E. The 

solar energy is enormous in this country. The average is about 6.5 KW/ square meter 

per day. The skies are sunny for about 300 days a year so the potential for solar 

energy development is huge.  

The solar energy in Afghanistan is uses for different applications such as: domestic 

and industrial solar, water heating systems, home lighting and space heating during the 

day, and for generating electricity [4].  

Currently, most of Afghan households generate hot water by using electric water 

heaters, and they depend on traditional fuels (fuel and woods). Bring fossil fuels and 

woods (which is common in this country, create many problems which are already 

discussed in introduction but one of the serious problem is the health of women and 

children which is dependent to burning fuels and woods for heating water purposes.  
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CHAPTER 3 

METHODOLOGY 

3.1 Overall, the system 

The collected data show that, in situation , where the installation of the storage tank is 

impossible above the heat collector, the storage tank water must be forced through the 

collector to become hot by the effecting of solar radiation, so a hot water circulation 

pump is required for the system. The circulation pump is going to operates only when 

solar radiation is available on the collector and collector temperature is higher than 

stored water temperature in the tank, and also when enough water is available into the 

tank. Otherwise pump is off and there is no water circulation through the system so 

hot water in the storage tank will keep its temperature for at least one day. 

Water at the tank’s inlet and outlet is controlling by two solenoid valves. When there 

is not enough water available in the tank, solenoid valve at the inlet will energize and 

water comes to the tank. Hot water consumption is also controlling by measuring the 

amount and flow rate of water by a Flow Meter Sensor and the solenoid at the outlet 

of the tank.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 24: Block, diagram of the Solar, Water Heater 
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3.2 Flow , chart of the system 

The flow chart in figure 25 represents the idea of the Solar, Water Heater in this 

project.  

The collector and tank’s water temperature are T1 and T2 respectively. Pump is 

running when T1-T2 ≥ 2˚C and also when enough water is available into the tank. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 25: Project Flow , Chart 
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3.3 Hardware and software, required 

The forced circulation open , loop solar water heating system in this project includes 

the following components:  

 100 Liters Water Storage Tank  

 1m x 2m Flat Plate Solar thermal Collector 

 Plate Mount 

 PPR Pipes 6 Meters 

 One Hot Water Circulation Pump 

 Two 12V DC Solenoid Valves 

 One Flow Meter Sensor 

 Polyurethane Foam Pipe 6 meters 

 Two Thermocouples 

 Two Thermocouple Amplifier Boards 

 One 1-Wire digital thermometer  

 Three 5v Relay Coils 

 10K Resistor, 10K Potentiometer and two 220Ω Resistors 

 One LCD Display 

 One Bread Board  

 Hook-up (Connection) Wires 

 One Multimeter 

 One Microcontroller (Arduino Mega 2560) 

 USB  Adapter for the Arduino 

 Inverter 230V AC to 12V DC 

 One Box for Controllers And Electronic Part 

 One 3 Way Power Socket 

 20 Meters Cable to Carry Electricity 

3.3.1 Software, required 

The microcontroller which is used in this project is an Arduino Mega board. The 

software IDE (Integrated Development Environment) is a special program is used to 

write sketches for the Arduinoboard. 

3.4 Hardware design 

Whether someone wants to buy or build a solar water heating system, the first thing to 

determine is the storage tank and collector area size. This should be based on an 

estimate of the daily hot water consumption.   

3.4.1 Storage Tank sizing 

The storage tank size can be determined after the hot water demand estimation. To 

estimate the hot water demand, the first ,hour rating is used in this project. The first 
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hour rating is the maximum amount of hot water consumed by the consumer in one 

hour or it is the number of liters of hot water the heater, can supply per hour.  

Table 7: Peak hour demand of one person’s needs hot water in this project 

 

Use 

 

Average Liters of 

Hot Water Per 

Usage 

  

Time Used 

During One 

Hour 

  

Liters 

Used in 

One 

Hour 

Shower 35 x 1 = 35 

Shaving 5 x 1 = 5 

Hand & 

dishwashing 

10 x 1 = 10 

Clothes 

washer 

35 x 1 = 35 

   Total daily 

demand 

= 85 

 

Therefore, for the total daily demand of 85 liters, a 100 liters storage tank is suitable.  

The specification of water storage tank which is used in this project is described in 

below table. 

Table 8: Hot water storage tank specifications 

 

The Storage, Tank location 

The storage tank position in this project can be anywhere but not be very far from the 

collector. As much as the storage tank and collector distances are minimized, the 

system heat losses will be minimized.  



32 
 

 

Figure 26: 100 liters, Water, Storage Tank 

3.4.2 Collector Sizing 

For our study, we assumed that the system is designed for 1 person’s needs of hot 

water. The size of hot water storage tank is already defined which is 100 liters.  

According to table 4, the solar collector size for 100 liters storage tank is defined 2m
2
. 

 

Figure 27: 2m
2 

Flat, Plate Solar, Heat Collector 

The flat plate solar thermal collector common sizes are 2m
2
 so there should be one 

piece of plate used in this project. The collector specification which is used in this 

project, are described in table 9.  
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Table 9: Flat Plate Collector specifications 

Type of plate Flat plate solar thermal collector 

Size of the collector 2m x 1m = 2m
2 

Weight of the collector  21 Kg 

 

Glazing 

Glazing type Safety glass (low iron) 

Thickness 3.2 mm 

Transmittance 91.5% 

Absorber Absorber type Copper, Black chrome 
 

k (Absorber plate conductor)  385W/m
2
k 

Cb (bond conductance) 35W/m
2
k 

Absorptivity  95% 

Size of absorber plate 1.95m x 0.95m, 1.84 m
2 

Thickness  0.5mm 

Collector frame Aluminum  Thickness 2 mm  

hf,i (Convective heat transfer coefficient on 

the inner tube surface)  

300W/m
2
k 

Header material Copper 

Header diameter 22 mm, Thickness 0.8 mm 

Copper tube diameter 12.5 mm 

Tube spacing 143mm 

Insulation material Glass wool, 30 mm 

Pressure 10-12 bar 

3.4.3 Thermal Collector , mounting system 

Panel mounting systems fix the solar panels on different surfaces such as: roof, 

building facades, or the grounds. 

The solar thermal collectors mostly installed on the rooftops of the buildings. If the 

rooftop is horizontal, the panel has to be mounted at an angle to receive the best angle 

of exposure to sunlight for collecting energy.  

If the panels are planned to be mounted before the construction of the roof, the roof 

can be designed accordingly by installing support brackets for the panels before the 

materials for the roof are installed.  

As discussed in literature review, the best tilt angle for any thermal collector is the 

latitude of the region that the panel is installed, so the panel mount in this project is 

designed in the tilt of 14 degree from the horizontal surface.  
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Figure 28: Thermal Collector Mount 

3.4.4 Piping and insulation 

Due to circulation of, water from the tank to the thermal collector and vice versa, heat 

is moved from the collector to the hot water storage tank through the pipes so, for 

minimizing the heat losses through the pipes, the distance between collector and 

storage tank should be as short as possible.  

Hot water pipes must be appropriate for the temperature and pressure of water 

circulation. 

Materials suitable for hot water supply pipes include: 

 Copper 

 Polypropylene Random (PPR) 

 Polybutylene (PB) 

 Chlorinated polyvinylchloride (CPVC or PVCc) 

 Cross-linked polyethylene 

The distance of thermal collector and water storage tank is 2 meters in this project so 

6 meters PPR (Polypropylene Random) pipe is used.  

Feature of PPR 

 Can be used the piping system of pure water and drinking water 

 Anticorrosion 

 High temperature and pressure resistance. The water temperature that transport 

by the piping can reach 95˚C 

 Lightweight  

 Beautiful shape 

 Durable 

To reduce the heat losses, the PPR pipes have to be insulated.  

Polyurethane, Foam Pipe which is shown in figure 31 is suitable for insulation. Here 

pipes are sufficiently insulated with a 30mm – polyurethane foam pipe. The insulation 

had to be able to withstand high temperatures [5]. 
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Figure 29: The Polyurethane Foam Pipe used for insulation 

3.4.5 Hot Water Circulation Pump 

In order to circulate cold water through the solar collector for heating, a small 230V 

circulation pump is used for the system. Pump is not running all the time because 

during the night or when heat is not available in the solar thermal collector, it is 

useless and not efficient to run on the pump so it should be controlled by a relay and 

microcontroller to run only at specific conditions. 

Hot water circulating pump is the only component which needed to be powered by 

electricity. Therefore a high energy efficiency pump is the best option to consume as 

less electricity as possible. The choice of the pump also took into account the flow of 

water which had to go through it and the head of the highest point of the system. The 

common flow rate in small solar heating systems amounts 30L to 50 L/h * m
2 

of the 

collector surface. Considering the 2m
2 

of solar collector surface, a flow between 60L/h 

and 100 L/h is required for the system.  

There are many different types of solar hot water circulation pumps available and 

most function in similar way. For this project a MISOL 220v Brass circulation pump 

3 speeds with the model SWH-GPD20-B as shown in figure 30 is used.  

 Low noise  

 No leakage  

 Materials: Brass + Cast Iron + Plastic 

 Voltage: 220V 60Hz 

 Pressure maximum: 10 bar 
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 Max. Head: 6m 

 Max. Flow: 4m
3
/h 

 Maximum temperature of fluid: 110˚C 

 

 

Figure 30: MISOL, 220v Brass Circulation, Pump 3 Speed 

3.4.6 Solenoid Valves 

Two solenoid valves are going to be used in this project.  

Solenoids are simple form of an, electromagnet. They consist of insulated copper wire 

and its assembly consists of a plumber, coil, and, sleeve assembly. In normally closed 

valves, a plunger return spring holds , the plunger against , the orifice, preventing flow 

through the valve. 

These valves ,are used to control the flow of liquid , or gas. In, case of two port valve the 

flow, is switched on or off, and in three port, the outflow is switched between , the 

outlet ports.. 

The specifications of the solenoid valves which are used in this project are as follow: 

 12V DC Solenoid Valves 

 3/4” diameter 
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Figure 31: 12V DC Solenoid Valve 

230V AC to 12V DC inverter 

To supply 12V power for each solenoid valves, a 230V AC to 12V DC inverter is 

required to be used. 

3.4.7 Flow Meter Sensor 

To measure the flow rate and the amount of water at the outlet of the storage tank, a 

flow meter sensor as shown in figure 32 is used. 

 

Figure 32: Water Flow Meter Sensor 

Water flow, sensor body made of a plastic cove. It has a water rotor inside, and a hall-

effect, sensor. Rotor rolls by circulation of water through the sensor. Its speed changes 

with different rate of flow passing through it. Pulses are generated by rotation of rotor. 

By reading these pulses the flow rate of water can be estimated. 
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Table 10: Flow ,Meter Sensor’s specifications 

 

Hardware installation of the Flow Rate Sensor with the Arduino 

Wiring up the water flow sensor is simple. There are 3 wires: black, red and yellow. 

Black connects to the Arduino’s , ground pin, red to Arduino’s 5 V pin and the yellow 

wire will to pin 2 on the Arduino as shown in figure 33. 

 

Figure 33: Wiring the Flow , Meter with Arduino 

Note: Water flow meter sensor made of Nylon with Fiber so this sensor is saving for 

drinking water. 

3.4.8 Temperature Sensors 

To regulate and control the functioning of hot water , circulation pump, the system 

needs two temperature sensors to measure the , temperature of the solar  collector and 

temperature of ,water into the storage, tank. 
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3.4.8.1 Thermocouple 

The most commonly temperature sensor which are using for the domestic water 

heating systems are thermocouples. They are temperature voltage, transducers which 

produce small level of output voltage. The magnitude of produced voltages depends 

on the types of, wire used in them. Generally, the voltage is in micro volts range. It 

simply made by welding together two metal wires. By a physical effect, there would 

be measurable, voltage across the wires that increase with temperature.  

Junction end T2 is placed where we want to measure the temperature, and the tail end 

is placed at the different temperature.  

 

Figure 34: Schematic drawing of a Thermocouple 

A voltage difference is measured by the junction end and tail end’s temperature 

difference. That’s why they are called (temperature voltage transducers). 

They are accurate, and operate, over at temperature range from -200˚C to 2000 ˚C and 

they are too cheap.  

The reason for improving them is that their temperature range s are very much.  

One of their big problem is that their output voltages levels to be measured are very 

small, with changes of about 50 micro volts per ˚C. 

There are different types of thermocouples available such as: K, J, E, T, etc. In this 

project one K-type thermocouple as shown in figure 35 is installed into the water ,  

storage tank to measure the temperature of water. It has the following specifications:  

 

 Operating temperature: -100 to 700 ˚C 

 Probe material: stainless steel 

 Probe diameter: 5mm 

 Probe length: 100mm 

 Cable length: 3m 
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Figure 35: K-Type Thermocouple Probe 

3.4.8.2 One-Wire, Digital Thermometer (DS18B20) 

The second temperature sensor which is installed on the thermal collector to measure 

the collector temperature is a 1-wire digital temperature sensor. This sensor uses one 

wire to communicate with the microcontroller so information is sent to/from the 

DS18B20 over a one wire interface.  

DS18B20 digital thermometer has three wires: red (VCC), black (GND) and white 

(Data). The red wire should be connected to the Arduino +5V, the black to the GND 

and the white to digital pin 5 as shown in figure 36. A 4.7 KΩ resistor is required 

between the white wire and the +5V. 

 

Figure 36: One, Wire Digital, Thermometer interface with Arduino 

Pin assignment of the sensor is shown in below figure. 
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Figure 37: Pin assignment, of DS18B20 

Pin descriptions: 

GND   Ground 

DQ     Data input/ , output 

VDD    Power, supply voltage 

NC     No connect  

Features of Dallas (DS18B20): 

 Need one port pin for, communication 

 Doesn’t needs external components 

 Power, Supply Range 3V to 5V 

 Measure -55˚C, to 125˚C 

 ±0.5˚C ,accuracy from -10˚C to 85˚C 

3.4.9 Microcontroller, 

Microcontroller, which is used in this , project is an Arduino Mega 2560 board which is 

shown in figure 38. Table 11 shows the summary of the board. 
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Table 11: Arduino Mega 2560 summary 

 

Figure 38: Arduino Mega 2560 

3.4.10 Thermocouple, Amplifier Board 

The temperature – voltage relationship of the thermocouples is ,monotonic, not linear. 

Since the, thermocouples signal levels are very, small, high impedance amplification , is 

needed to accurately pick up and amplify its signal without distorting or affecting its 

accuracy. To solve this problem, one interface chips is used in this project to amplify 

the thermocouples output signals to higher levels. 

MAX31855 Chip is the thermocouple amplifier board which is shown in figure 39 can 

read the thermocouples output voltages and digitize it. The MAX31855 operates at 3.3 

volts 

Specifications, of MAX31855,:  

 Measure temperature: -200 ˚C to 1350 ˚C 

 The input voltage: 3 to 3.6V DC  

 Operating current: 900 µA to 1500 micro  

 Maximum output , voltage: 0.4V 
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 14 bit resolution, 0.25˚C temperature accuracy or measurement resolution is 

0.25 ˚C 

 Accuracy: ±2˚C 

 Outputs: uses SPI data output requires any three digital I/O pins 

 Required sensors: k-type thermocouple 

 TA= -40˚C to +125˚C 

 

Figure 39: Thermocouple Amplifier MAX 31855 Breakout Board 

MAX31855 Pins, Descriptions and Connection with Arduino 

Table 12: MAX31855, pins descriptions 

 

The MAX31855 Vin and GND pins are connected to Arduino, 3.3V power supply pin. 

Then the three data, pins (DO, CS and CLK) are connected to the Arduino digital pins 

37, 39, 41 respectively as shown in figure 40. 

Data out (DO) is an output , from MAX31855 and input , to Arduino which carries each 

bit of data. Chip Select (CS) is an input to the MAX31855 and output from Arduino 

which tells the chip to read the temperature and supply more data. Clock (CLK) is an 

input to the MAX31855 and output from the Arduino which indicates when to present 

another bit of data. 
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Figure 40: MAX31855 interface with Arduino and Thermocouple 

3.4.11 Water, level detection of the Storage Tank 

Water level detection is used to shows the water level inside the tank.  

Knowing the presence of water is very important for the system that is used in this 

project. The hot water circulation pump which is used for the system, designed to 

operate when water is available into the tank but when there is no water to circulate, it 

should be dangerous and useless for the system to operate. This pump is turned on and 

off by the Arduino which read the thermocouples outputs, at the desired times so, it 

has to be dependent to the existence of water also. 

A different approach to detecting the water level is presented in this project. A push 

button circuit is a perfect water detector circuit. It is cheap and much easier to install 

compared to regular systems. The required stuffs for its implementation are two wires 

with probes, 10k resistor and Arduino Mega with bread board that we already have 

them. 

  Working principles: 

Firstly the push button is going to take out and lead the two open wires that we 

normally close and open them by that push button, into the water. Water can close the 

circuit instead of push button. The presence of water is like pressing the push button. 

The digital pin 52 on the Arduino is selected as the button pin which is shown in 

figure 41 and it should be HIGH or LOW. A wire is going from pin 52 to the bread 
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board and a 10k resistor is used to ground pin 2 for (pin low). From the digital pin 52, 

a wire also going out and it’s going to be the probe going to the water. The other 

probe is simply the 5V line from. 

 

Figure 41: Water, level, detection circuit 

3.4.12 Relay 

There are three (SRD-5VDC-SL-C) 5V Relays are used in this project. They use 

electromagnets , to operate pairs of movable contact from an open position to close 

position. 

One is used to on/off the circulation pump which operates with 230V AC power, the 

second and third are used to control the solenoid valves which operate with 12V DC 

power. 

These relays have three wires which are VCC, GND and IN. VCC and GND are used 

to Arduino 5V power and the IN wire is nnected to one of Arduino’s digital input 

pins. 

The IN wires of the three relays which on/off the pump, solenoid valve at the tanks 

inlet and solenoid valve at the outlet of the tank are connected to digital pins 46, 50 

and 48 respectively. 
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Figure 42: SRD,-5VDC-SL-C G5LE-1 5VDC 

  Specifications: 

 Coil voltage: 5V DC 

 Contact form: SPDT (1 form c) 

 Contact current rating: 10A 

 Power consumption: 0.36W 

 Coil current: 71.4mA 

 Coil resistance: 70Ω 

 Contact type: single 

 Max allowable voltage: 250VAC/110VAC 

3.4.13 LCD, display 

A 20x4, LCD display (liquid crystal display) is used for displaying the temperature of 

the thermal collector, temperature of water, solenoid input valve’s functioning, 

circulation pump functioning and shows the flow rate of hot water consumptions and 

also the total amount of water consumption. 

The part 20x4 means that the LCD has four lines and can display 20 characters per 

line. Therefore, a 20x4 , LCD screen can display up to 80 characters at once. 

The interface pins are described in below table. 
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Table 13: 16x2, LCD display pins descriptions 

 

LCD and Arduino connection 

Before wiring the LCD screen, a pin header strip needs to be soldering on LCD’s 16 

pins. The LCD and Arduino pins are connected as shown in figure 43. 

 

Figure 43: Pin connection between the LCD and the Arduino 

To wire the LCD ,screen to the Arduino, board, the following pins are connected as: 

 LCD RS pin to digital pin 7 
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 LCD Enable pin to digital pin8 

 LCD D4 to digital pin 9 

 LCD D5 to digital pin 10 

 LCD D6 to digital pin 11 

 LCD D7 to digital pin 12 

3.5 Dual Axis Solar Tracker project description 

The solar tracker in this project is not related to the solar water heater but it is one of 

this project objectives to design a solar tracker that gives the concept of solar tracking 

systems, and can be applied for the solar collector on solar water heating system in this 

project.   

The solar tracker in this project is designed by using two servo motors, light sensors and 

Arduino Uno board. It includes a 12V photovoltaic panel which tracks the sun position 

in the direction of the solar radiation. 

 

 

 

 

 

 

 

 

 

 

Figure 44: Solar Tracking System Block Diagram 

The solar tracker in this project is a double axis active tracker as shown in figure 45 

which is controlled by computer program. 

 

Arduino Uno 

Board 

Power Supply 

Light Dependent 

Resistors 

Vertical Servo 

Motor 

Rotate the Panel 

Around Vertical Axis 

Horizontal 

Servo Motor 

Rotate the Panel Around 

the Horizontal Axis 
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Figure 45: Double Axis Solar Tracking System 

3.5.1 Hardware design 

The hardware needed for the tracking system design in this project are: 

a. Four LDRs (light dependent resistors) 

b. Two servo motors 

c. Four 100KΩ resistors 

d. One Arduino Uno board 

e. One Bakelite sheet 

Circuit diagram 

 

Figure 46: Circuit diagram of the Solar Tracker 

Four LDRs are connected with four resistors in a voltage divider fashion and their 

outputs are going to analog input pins of the Arduino board as shown in figure 48. The 
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input signals for the horizontal (bottom) and vertical (top) servomotors are connected to 

digital pin 10 and pin 9 of Arduino board respectively.  

Light ,Dependent Resistor (LDR) 

LDRs are used at the four corners of the panel to capture the light energy.  

LDR is made of a high resistance semiconductor which is also called photoconductor. 

Its resistance varies inversely with the light intensity as shown in figure 47. 

 

Figure 47: Resistance value of LDR at various illumination level of light 

Servo Motors 

RC servo motors are fixed to hold the solar panel, and are used for position control of 

the panel. They rotate the panel in any direction to track the sun at the best angle of 

exposure.  

RC servo motors receive electrical commands from the Arduino board and convert it to 

physical movement of the solar tracker. They have three wires connector. One is 

positive voltage which is always between the other two wires, the second is for voltage 

ground and the third wire is the signal wire which receives command from one of the 

Arduino’s digital pins. 
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Figure 48: RC Servo Motor 

3.5.2 Working principles of Solar Tracker 

Two servomotors are fixed to the structure that holds the solar panel. One is fixed 

vertically to rotate the panel around the vertical axis and the second is fixed horizontally 

to rotate the panel around the horizontal axis.  

The horizontal servo motor can rotate approximately 180 degree (90 degree in each 

direction) 

The vertical servo motor can rotate approximately 90 degree. 

The light dependent sensors are used to detect the lights in four corner of the panel. 

They sense the amount of sunlight at the top, bottom, left and right side of the panel and 

produce low resistance when light fall on them. 

According to the system circuit diagram in figure 48 each LDR is connected with a 

resistor in series. A voltage divider is formed at the junction between each LDR and 

each resistor; the outputs of each one is taken at the junction point to pass the measured 

voltage as input to microcontroller.  

Therefore, when light is illuminated on the LDRs, the resistance of each one drops and 

the microcontroller receives analog inputs from them then the internal analog to digital 

converter (ADC) compares the LDRs voltages. The motion of servo motors whether to 

rotate clockwise or counter clockwise is controlled by the code which is written by 

Arduino IDE in such away: 

If two LDRs at the right side of the panel receive more light compare to the two LDRs 

at the left side, then panel rotate in the direction of right. 
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CHAPTER 4 

RESULTS AND DISCUSSION 

4.1 Purpose  

The purpose of this chapter is to present the experimental setup and experimental 

results of both domestic active solar water heating system and solar tracking system.  

4.2 Experimental model and results of Solar Water Heater 

When there is not enough water into the storage tank, the solenoid valve which is 

installed at the inlet of the tank is energizing and the city water or the water from the 

main storage is coming into the tank. After water level reached to its highest level, the 

water level detection sensor which is installed into the tank, detects the level of water, 

then the related solenoid valve de-energizes and stops water coming to the tank. 

The collector temperature and the storage tank’s water temperature are measuring by 

One-Wire digital thermometer and thermocouple respectively. If the collector 

temperature is 2˚C higher than the water temperature into the tank, and also when 

enough water is available into the storage tank, then the circulation pump circulates 

the storage tank water through the collector. Therefore, the collector energy is 

transferring to the water through the riser tubes which are attached with the absorber 

plate.  

 

Figure 49: Forced, Circulation Open , Loop Solar, Water, Heating System 
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Hot Water Circulation Pump 

The water circulation pump is covered by a water proof box as shown in figure 50. 

The pump functioning is based on the collector and water temperature, and the 

availability of water into the storage tank. 

 

Figure 50: Hot Water, Circulation, Pump 

4.3 Results in Thermal Collector 

There is one flat plate solar collector used in this project which is shown in figure 51. 

When water being pumped by the circulation pump through the collector, the collector 

thermal energy transfer to the water through the riser tubes which are attached to the 

absorber plate inside the collector so water become hotter and being circulated back to 

the storage tank. Therefore, the circulation of water through the collector is continued 

until the storage tank’s water temperature and the collector temperature get nearly 

same temperature degree.  

The amount of heat transferring from the collector to water depends on the amount of 

solar radiation falling on the collector during the day. 

As explained in literature review, the solar radiation is not constant on the solar 

thermal collector, and at any location on the earth surface. It means that the source 

which is sun and the receiver which is the surface of the collector are not fixed in 

time. It varies second by second during the day, on a season bases and is influenced 

by many parameters. 
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Figure 51: Flat Plate Collector 

4.3.1 Analyzing the collected data 

The collected data such as: the collector temperature, water temperature of the storage 

tank, solar radiation on the collector and weather temperature which are taken in 

different times of two different days are shown in table 14 and table 15. Table 14 

shows the data on a normal sunny day and table 15 shows the data on a cloudy day. 

Table 14: The collected data on a normal sunny day 

Time Solar Radiation 

(W/m
2
) 

Weather 

Temp 

(C˚) 

Panel Temp 

(C˚) 

Water 

Temp in the 

Tank 

(C˚) 

10:00 548 32 55 45.7 

11:00 590.1 32 57.5 53.2 

11:20 571.5 32 59 54.5 

11:40 637 33 62.5 56.7 

12:00 689.8 33 64.5 58.5 

12:20 712 34 66.2 60 

12:40 708.4 34 69.6 62.8 

13:00 615.5 35 71.2 63.5 

13:20 503 35 72.5 64.2 

14:40 409.7 36 70.28 65.4 

14:00 389 36 71 65.9 

15:30 277.5 35 70.5 66 

15:00 225.5 35 65.4 65.5 

16:00 155.9 33 60.9 65.5 

17:00 89 32 51.2 65.5 

18:00 -1.815 30 37.35 64.5 
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Table 15: The collected data on a cloudy day 

 

Time 

 

Cloud 

Cover 

 

Solar 

Radiation 

(W/m
2
) 

 

Air 

Temp 

(C˚) 

 

Panel 

Temp 

(C˚) 

 

Water Temp 

in the Tank 

(C˚) 

9:30 Partly cloud 358 29 54 35 

10:00 Partly cloud 341.2 30 48 38 

10:30 Partly cloud 328.9 30 57 41 

11:00 Partly cloud 389.4 31 57.6 45.75 

11:30 Partly cloud 271 32 59.5 50.25 

12:00 Partly cloud 415.7 32 63 54 

12:30 Mostly cloud 197 33 62 57 

13:00 Mostly cloud 210.4 33 62.25 58 

13:30 Mostly cloud 171.2 33 61 57.5 

14:00 Mostly cloud 211.8 33 64 60.2 

14:30 Partly cloud 325.6 33 61.56 60.7 

15:00 Mostly cloud 127.5 33 51.5 60.7 

15:30 Mostly cloud 97.8 33 48.7 60.7 

16:00 Mostly cloud 105.4 33 43.4 60.7 

16:30 Mostly cloud 66 32 39.8 60 

17:00 Mostly cloud 22.28 30 34.9 60 

18:30 Raining -2.12 26 29.5 59 

 

The graphical representation of the data in table 12 is shown in figure 52 and figure 53, 

and table 13 data are shown in 54 and 55. 

 

Figure 52: Solar radiation at different times during the sunny day 

The black line in figure 53 and figure 55 shows the water temperature in the storage 

tank and the blue line shows the solar collector temperature.  
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Figure 53: Collector and Tank’s water temperature variation during the sunny 

day 

 

Figure 54: Solar radiation at different times during the cloudy day 
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Figure 55: Collector and tank’s water temperature variation of the cloudy day 

In experiment done on normal sunny day, the maximum solar radiation which was 

712W/m
2
 fallen on the solar collector at 12:20 PM. The collector temperature is 

66.2˚C at this time which is the highest point on that day.  

The storage tank water temperature at 12:20 is 60˚C but due to the water circulation 

trough the solar collector it became more hot so at 2:30 PM it reached to its highest 

point which is 65.9˚C. At 7:00 PM it is 64.5˚C which shows there were some losses 

with the system. 

In experiment done on cloudy day, the maximum solar radiation which is 415.7W/m
2
 

at 12:00. The solar collector temperature is 63˚C and water temperature is 54˚C at the 

same time. After circulation of water through the collector it 60.7˚C which is the 

highest degree of temperature on that day. 

Thus, the rate of collector temperature increases when the solar radiation increases on 

the surface of the collector and the rate of water temperature also increases as the 

collector temperature increases. The ambient temperature and cloud cover also affect 

on the collector and stored water temperature. When it is increases, the collector 

temperature also increases or there would be less heat losses.   

4.3.2 Useful energy gained by the collector 

Of the total of solar radiation, only a part strikes on the solar thermal collector and of 

the radiation strikes on the collector, only a part can be absorbed by the absorber plate.  

The useful energy delivered by the absorber plate, when the total solar radiation on the 

collector surface is 720W/m
2
, ambient temperature of 33C˚ and inlet water 

temperature at the collector is 50C˚ can be estimated as follow: 

Specific heat (Cp) of water in kg is 4186J. 
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Firstly, fin efficiency factor (F) is found from equation 2.12. The collector 

specifications from table 7 are used in the following equations. 

F = [tanh (4.6* 0.143)/4.6* 0.143]                                                   (4.1) 

F = 0.576 

According to equation 2.13 m
2
 = 4.2/385 *0.0005, m = 4.6 

Collector efficiency factor (F’) can be estimated by equation 2.11. 

F’ = (1/ 4.16) / 0.15*[1/ 4.2(0.143* 0.576 + 0.012) + 1/ᴨ*0.011* 300 + 1/35]             

(4.2) 

F’ = 0.444 

Where, 2L= 0.143m, w = 0.15m and D = 0.012m, according to figure 2.15. 

Collector heat removal factor (FR) can be estimated from equation 2.10. 

FR = 0.4* 4186 / 2 * 4.16 [1-exp (-2*4.16* 0.444/ 0.4 * 4186]                     (4.3) 

FR =201.25 [1-exp (-0.0022] = 201.25 (1-0.997) = 0.603                         (4.4) 

From equation 9 the useful energy can be estimated as: 

QU = 2 * 0.603 [Ha - 4.16(50 - 33)]                                       (4.5) 

Where, radiation absorbed by the collector can be calculated by equation 2.8. 

Ha = 720 * (0.86) = 625.86W/m
2 

                                       (4.6) 

QU = 2 * 0.603 [625.86 - 4.16(50 - 33)]                                   (4.7) 

QU = 669.5W 

The experimental results show that, the useful energy which is gained by the collector 

is bit smaller than the actual solar energy received by the collector. It depends on 

some heat losses factors which happen by the absorber plate and the riser tubes in the 

thermal collector. 

4.3.3 Collector efficiency 

The collector efficiency for the above given data is 47% as estimated by equation 

2.14. 

Ƞ = 669.5 / 2 * 720 = 47%                                            (4.8) 

4.4 Result in Thermocouple 

To measure the tank’s water temperature, one thermocouple is placed inside the 

storage tank as shown in figure 56. The output signal level of the thermocouple is very 

small. It is in the form of µ volts. As per table 16 for each 1˚C, it is 40 µvolts/ ˚C or 

0.2 mV differences for each 5˚C. 
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Figure 56: Thermocouple installed into the Tank 

The temperature range that measured by thermocouple in this project is between 20˚C 

to 80˚C so according to the below table, the output voltages of the thermocouple 

should be in the range of about 0.8mV to 3.3mV.  

Table 16: Thermocouple’s thermoelectric Voltages in mv as a Function of C˚ 

˚C 0 1 2 3 4 5 6 7 8 9 10 

0 0 0.039 0.079 0.119 0.158 0.198 0.238 0.227 0.317 0.357 0.397 

10 0.397 0.437 0.477 0.517 0.557 0.597 0.637 0.677 0.718 0.758 0.798 

20 0.798 0.838 0.878 0.918 0.958 0.998 1.038 1.078 1.118 1.16 1.2 

30 1.203 1.243 1.283 1.323 1.363 1.404 1.445 1.486 1.523 1.566 1.612 

40 1.612 1.652 1.692 1.733 1.775 1.815 1.856 1.896 1.936 1.977 2.023 

50 2.023 2.063 2.104 2.145 2.185 2.226 2.226 2.307 2.348 2.388 2.436 

60 2.436 2.476 2.517 2.558 2.599 2.639 2.68 2.721 2.789 2.82 2.851 

70 2.851 2.892 2.933 2.973 3.014 3.056 3.097 3.138 3.179 3.22 3.267 

80 3.267 3.308 3.349 3.39 3.431 3.472 3.512 3.553 3.594 3.645 3.682 

90 3.682 3.723 3.764 3.805 3.846 3.886 3.927 3.969 4.009 4.072 4.096 

 

Thus, the rates of output voltages increase as the temperature increase in 

thermocouple. 
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Reading the output of Thermocouple  

The main limitation with thermocouple is accuracy.  

The ADC on the Arduino board has a 10-bits resolution. It means ADC can detect the 

1024 individual level of the highest voltage signals it is designed to sense. The 

minimum signal level which it can senses and reads is something around 3.3 mv so it 

cannot read the temperature in the range that we want.  

Therefore, it is impossible to directly connect the thermocouples outputs to the 

Arduino analog input pins so high impedance amplification is needed to accurately 

pick up the thermocouples output voltages and amplify it without distorting or 

affecting its accuracy. 

MAX31855 Chip 

MAX31855 Chip reads the thermocouples output signals and digitize it with its 14 bit 

resolution ADC. They spitting out nice digital signals of temperature and resolve 

temperatures to 0.25˚C. 

 

Figure 57: MAX31855 Chips 

MAX31855 Board interface with Arduino and Thermocouple  

First thing to determine is the thermocouple’s negative and positive wires. The two 

negative (Alumel which is assigned with blue color) and positive (Chromel which is 

assigned with red color) wires of each thermocouple is connected to the negative and 

positive terminals of the MAX31855 chip as shown in figure 57. 

The MAX31855 chip’s Vin and GND pins are connected to 3.3V supply and the three 

data pins are connected to Arduino digital I/O pins. 

Arduino receives the digitized signal from the thermocouple amplifier board and read 

it by the code which is written with the Arduino IDE. 
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4.5 Results in One-Wire digital thermometer  

The resolution of Dallas (DS18B20) is 12 bits. It measures the temperature of the 

absorber plate as shown in figure 53 and directly converts the thermal data to digital 

signals which is then sent by the data wire of the sensor to the Arduino board. The 

temperature and data relationship is shown in table 17. 

Table 17: Temperature and data relationship of DS18B20 

 

The output temperature of the digital thermometer is calibrated in degree Celsius.  

4.6 Solenoid Valves operation 

The two solenoid valves which are used in this project are Two Way Normally Closed 

solenoid valves. They are used for the purpose of on/off control of water flow at the 

inlet and outlet of the storage tank, through 5V relays by the Arduino board. 

 

Figure 58: Two way normally closed valves symbol 

When 12V power is off, plunger inside the valve is down and closes the valve as 

shown in figure 59. When 12V power is applied, the coil inside the valve will be 

energized and a magnetic field will be created which causing plunger to rise up and 

open the valve. 
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Figure 59 Schematic of the Solenoid Valve 

4.7 Control Box 

The main components of the control box which is shown in figure 60 are 

thermocouple amplifier board, Arduino Mega board, three relay, LCD display, bread 

board and a 230V AC to 12V DC inverter. This box is a water proof box and saves all 

the components inside.  

 

Figure 60: Control Box 

Arduino USB Adapter  

To supply power for the Arduino board, an Arduino USB Adapter is used in this 

project. The USB adapter converts 230V AC to maximum 9V Dc and 2A current. 
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4.7.1 LCD, display  

The 20x4 LCD display is displaying some data and some components operation of the 

system such as: the panel temperature, the storage tank water temperature, the 

operation of the solenoid valve at the inlet of the tank, the water circulation pump 

operation, volume flow rate of the hot water at the outlet of the tank which is being 

used, and the total volume of hot water consumed at the outlet of the tank. 

 

Figure 61: LCD, Display 

4.8 Experimental setup of the Solar Tracker 

Panel is arranged in such a way that, lights falling on the LDRs are compared in voltage 

divider junction of each LDR with each resistor by the Arduino, the horizontal and 

vertical servo motors rotate the panel in the direction where the maximum solar 

radiation is falling on the panel. Thus, the program works by comparing the resistance 

of the four LDRs and rotate the servo motors around X and Y axis. 
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Figure 62: Experimental model of Solar Tracker 

Figure 63 shows the circuit diagram of the tracker at the back side of the Bakelite sheet. 

 

Figure 63: Circuit diagram and experimental setup 

4.8.1 Experimental result 

The servo motors are set up to move only within a certain predefined area in the code. 

The max rotation of the vertical servo motor which rotates the panel around X axis is 75 

degree and the maximum rotation of the horizontal servo motor which rotate the panel 

around Y axis is 175 degree. 

According to figure 64 the panel tracks the light as: 
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 For east and west rotations, the analog values of top two LDRs are compared 

with the two bottom LDRs. If the top LDRs receive more light than bottom 

LDRs then the panel rotate toward the west direction around the X axis 

 If the two LDRs at the bottom receive more light than the top LDRs then the 

panel rotate toward east direction 

 For angular movements of the panel, the analog values of the two right side 

LDRs are compared with the two left side LDRs. If the right side receive more 

light, the panel rotate toward north around Y axis 

 If the two left LDRs receive more light than right side LDRs, the panel rotate 

toward the south direction around the Y axis 

 

Figure 64: Schematic of Dual Axis Solar Tracker 

The following steps describe the practical results of the solar tracker: 

1. Place the solar tracker in dark 

When four LDRs are in dark, there is no movement in the panel. 

2. Illuminate the light on two LDRs at the top of the panel. 

When the maximum light is illuminated between the two top LDRs and move the light 

30 degree toward the west direction, the panel where the top LDRs are fixed, is adjusted 

and then move toward the direction west at 30 degree or rotate around the X axis 30 

degree.  

3. Illuminate the light on the two bottom LDRs 

It when the maximum light is illuminated on the two bottom LDRs and move the light 

30 degree toward east, the result is same with the top LDRs but the panel rotate in the 

opposite direction. 
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4. Illuminates the light on two LDRs at the right side of the panel 

When the light is illuminated on the right side of the panel and move the light 30 degree 

counter clockwise around the Y axis, the horizontal motor adjust the right side LDRs 

toward the maximum light falling on them and then rotate the panel 30 degree counter 

clockwise around Y axis.  

5. Illuminates the light on the two LDRs at the left side of the panel 

The test for the left side is the same with right side but the directions are opposite. 

4. Illuminates the light in the middle 

The panel is adjusted toward the light in which the maximum light is falling at the 

middle of the panel 

4.8.2 Energy consumption of Tracker 

As the tracker’s motors work with Arduino board, the energy consumption of the 

tracker is very less but if the solar tracking mechanism is implemented on the Heat 

Collector for Solar Water Heating System in this project, the power consumption of the 

tracker would be high, and required estimation. 

To implement the same mechanism (Dual Axis Tracker) of Solar Tracker in this project, 

for the Heat Collector panel, the Heat Collector needs two 24V and 3A DC motors to 

rotate the collector at any direction.  

To calculate the power consumption of the tracker, power consumption for each motor 

has to be calculated by below formula. 

E = V * A * t (s)                                                      (4.9) 

Where E is energy, V is voltage of the motor and t is time in second when each motor 

rotates. 

To minimize the power consumption of the solar tracker, the tracker motor running time 

has to be small so the tracker motors have to work in a limited time. Limitation for the 

vertical motor is assumed the motor to run for every 12˚ solar altitude angle variation, 

and moves the collector upward or downward toward the sun direction but horizontal 

motor runs for 2˚ azimuth angle variation, and rotate the collector clock wise or counter 

clock wise toward sun’s direction. 

The following parameters have to be measured to determine the power consumption of 

each motor when they rotate either for 12˚ altitude or 2˚ azimuth angles: 

 Initial current ( when motor start running) 

 Steady state current (at steady states condition)  

 Voltage 
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 Time (taken time of the motor to rotate for 12˚ altitude and, or 2˚ azimuth 

angles) 

Therefore, energy consumption of vertical motor can be calculated once it rotates for 

12˚ altitude, then number of times that this motor moves for the specified 12˚ altitude, is 

counted based on the solar altitude angle from the morning until the afternoon, and 

lastly they are added together to calculate the total motor energy consumption during 

the day.  

To estimate the energy consumption of horizontal motor, it is the same with the vertical 

motor. Energy consumption for 2˚ azimuth is measured and then the number of 2˚ 

azimuth angles changes is measured during the daylight measured.   

If the altitude angle of the sun makes 15˚ on the heat collector panel in the morning, and 

makes 20˚ in the afternoon during the sun set on the opposite side, then the altitude 

angle variation on this day is 145˚. Therefore, the vertical motor runs 12 times for each 

12˚ altitude to adjust the panel toward the sun. The time taken by the motor to rotate for 

every 12˚ is assumed 10 second so according to equation…. The energy consumption of 

the motor is calculated as 

E = 24 * 6 * 10 = 1440 Wh                                            (4.10) 

E = 0.4 Ws                                                         (4.11)  

The power consumption of the vertical motor is 0.4Ws so in all day motor run within 

120 seconds so the total energy consumption of the motor on that day can be estimated 

as 

E = 0.4 Ws * 120 = 48 W                                            (4.12) 

The azimuth angle in that day changes 30˚. Vertical motor moves for each 2˚ of azimuth 

angle so it runs 15 times for each 2˚ angle. Time taken to rotate for each 2˚ is 3 seconds 

so its energy consumption for all day can be estimated as 

E = 24 * 6 * 3= 432 Wh                                         (4.13) 

E = 0.12 Ws *45 = 5.4 W                                        (4.14) 

Therefore, the energy consumption for both motors is 53.4W. 

Moreover, the sunny day’s data calculation shows that the heat collector generates 669.5 

W powers in fixed condition but with tracking condition it would be greater than this 

amount. Thus, the heat collector in tracking condition consumes 7.9% of the power 

generated by the collector in fixed condition.  
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4.8.3 Efficiency of the Tracking System 

Efficiency of the solar tracking system compare to fixed solar panel is 30% to 40% 

greater.  

According to table 12 the voltage drawn by tracking systems at 12:10 PM is 23.5V and 

voltage drawn by the fixed solar panel is 13.85V at the same time. Thus, with tracking 

system the voltage drawn of the panel can be two times greater than fixed solar panel. 
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CHAPTER 5 

CONCLUSION AND RECOMMENDATION 

5.1 Conclusion  

Using solar water heating systems reduce our dependency on fossil fuels and gases 

which are harmful for the environment and earth. The data comparison in literature 

review show that solar water heating systems are 50% more efficient than gas and 

electric water heaters. These systems are usually expensive to purchase and install 

than conventional water heaters but they save our money in long run. In addition, 

these systems have environmental, long-term and economic benefits.  

Solar water heaters transfer the solar energy to water. To receives and absorbs the 

maximum possible solar radiation by the solar collector, collector must be 

continuously placed toward the sun direction so the thermal collector must be 

continuously rotates in the direction of the sun. This can be done by solar tracking 

mechanisms.   

An autonomous forced circulation solar water heating system which provides free hot 

water at temperature of 65˚C for one person’s needs is designed and developed in this 

project. The thermal collector of the system which is fixed in one position absorbs the 

solar radiation and transmits it to the circulated water.  The tank location is below the 

collector so cold water is forced from the storage tank through the collector by a 

circulation pump. The pump functions are based on the collector and tank’s water 

temperature which are measured by two temperature sensors, and also the water 

detection sensor in the storage tank.  

The cold water coming from outside into the storage tank and hot water consuming 

from the tank are controlling by two solenoid valves at the inlet and outlet of the tank. 

The flow and amount of hot water which consumed from the tank is also measured by 

a flow meter sensor at the outlet of the tank. An Arduino Mega microcontroller is used 

to accomplish these tasks. 

To implement a tracking mechanism for the heat collector, the system consumes 7.9% 

of the generated power by the collector in fixed condition on a normal sunny day. 

In addition, active open loop solar water heaters are more efficient than natural 

circulation and closed loop forced circulation. There is no problem with the tank’s 

weight on the roofs and above the collectors. The circulation pump only works when 

we can get the useful energy from the sun by the collector so there is no energy waste 

by the pump operations. 
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5.2 Recommendation  

As in this project a fixed thermal collector panel is used to receive the solar energy, it 

can only receive a part of solar radiation. The panel efficiency is great when the 

collector is faced perpendicular to sunlight. Therefore, by a solar tracker mechanism 

implementation on the heat collector, efficiency of the collector can be increased by 

30% to 40%. 

The designed Mini Solar Tracker in this project can be implemented on large 

photovoltaic and thermal collector panels.  

One difficulty of open loop solar water heaters is that, they cannot work properly in 

freezing climates. Therefore, closed loop solar water heaters which have antifreeze 

fluid in their collector loops, are suggested for freezing climates. 
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Appendix A: Arduino program for the Solar Water Heating System 
 

// the libraries used in this program 

#include "Adafruit_MAX31855.h" 

#include <LiquidCrystal.h>  

#include <SPI.h> 

#include <FlowMeter.h>  

#include <OneWire.h> 

#include <DallasTemperature.h> 

// There are three digital pins for thermocouple amplifier board which are defined as: 

int thermoCLK = 41;  

int thermoCS = 39;  

int thermoDO = 37;  

int TempDiff = 0; 

int Relay1 = 46;  // on/off the circulation pump 

int Relay2 = 50; // on/off the solenoid valve1 which is located at the inlet of the storage 

tank 

const int buttonPin = 52; // to detect the water level in the storage tank 

int buttonState = 0; 

#define ONE_WIRE_BUS 5 // signal wire of the digital temperature sensor connected 

to digital pin 5  

int x =0; // digital temperature sensor output or collector temperature reading 

//these belong to flow rate and button for allowing the flow of hot water, codes 

FlowMeter Meter = FlowMeter(2);  // conect flow meter data wire to Arduino pin 2 

const int buttonPin2 = 44;       // the button pin for on/off the solenoid valve at the outlet 

of the tank 

const int Relay3 =  48;          // Relay3 signal wire to digital pin 44. on/off the solenoid 

valve at the inlet of the tank  

int Volume =0; 
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 // variables will change: 

 int buttonState2 = 0;           // variable for reading the pushbutton status 

 const unsigned long period = 1000; 

 void MeterISR() { 

 // let our flow meter count the pulses 

 Meter.count();} 

 // Initialize the Thermocouple 

 Adafruit_MAX31855 thermocouple(thermoCLK, thermoCS, thermoDO); 

 OneWire oneWire(ONE_WIRE_BUS); 

 DallasTemperature sensors(&oneWire); 

 // initialize the library with the numbers of the interface pins  

 LiquidCrystal lcd(7, 8, 9, 10, 11, 12); // Creating the LiquidCrystal object named lcd 

 void setup() {  

 while (!Serial);  

 Serial.begin(9600); 

 sensors.begin();  

 lcd.begin(20, 4);    

 lcd.print("MAX31855 Init");  

 pinMode(buttonPin, INPUT); 

 pinMode(Relay2, OUTPUT); 

 pinMode(Relay1, OUTPUT); 

 Serial.println("Collector and Storage tank Temperature in Celsius!"); 

 pinMode(Relay3, OUTPUT); // depend on flow rate and button code 

  // initialize the pushbutton pin as an input: 

 pinMode(buttonPin2, INPUT); 

attachInterrupt(INT0, MeterISR, RISING); 

Meter.reset(); 
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delay(0);     }  

void loop() { 

lcd.setCursor(9, 2); // this part belongs to solenoid valve1 

if (buttonState==HIGH){ // If the two wires (button) connect to each other 

digitalWrite(Relay2, HIGH); //On and Off the solenoid valve1 

lcd.print("InValve:Off");}  // the relay 2 is not energized 

else{digitalWrite(Relay2, LOW);   //the relay 2 energize the solenoid valve1 to let the 

water   into the tank 

lcd.print("InValve: On");}  

lcd.setCursor(0, 1);  

double c = thermocouple.readCelsius();   // basic readout test, just print the current temp  

if (isnan(c)){    // when there is no thermocouple connection 

Serial.print("Something wrong with thermocouple"); 

lcd.print("T/C Problem");}   

else{  

 Serial.print("PanalTemp="); 

 Serial.println(c); 

  lcd.print("TankTemp=");   

  lcd.print(c);  

  lcd.print("c");} 

 double x= sensors.getTempCByIndex(0); 

  sensors.requestTemperatures(); // Send the command to get temperatures 

  // After we got the temperatures, we can print them here. 

  // We use the function ByIndex, and as an example get the temperature from the first 

sensor only. 

  lcd.setCursor(0, 0); 

  Serial.print("Temperature for the DS18B20 is: "); 

  Serial.println(sensors.getTempCByIndex(0));  
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  lcd.print("CollectorTemp=");   

  lcd.print(x);  

  lcd.print("c"); 

  double TempDiff;    //TempDiff is the subtraction of the collector temperature and the  

temperature of water in storage tank. 

    TempDiff = x-c; 

    Serial.print(x); 

    Serial.print("-"); 

    Serial.print(c); 

    Serial.print("="); 

    Serial.println(TempDiff); 

  buttonState = digitalRead(buttonPin); 

  lcd.setCursor(0,2);  

  if (TempDiff>2 & buttonState==HIGH){ 

  digitalWrite(Relay1, LOW);   

  lcd.print("Pump: On,"); 

  Serial.println("Relay1 Coil is Energized");} 

  else { 

  digitalWrite(Relay1,HIGH); 

  lcd.print("Pump:OFF,"); 

  Serial.println("Relay1 in Normal Condition");} 

  // for flow rate sensor. wait between output updates 

  delay(period);  // wait between output updates 

  Meter.tick(period);    // process the (possibly) counted ticks 

  Serial.println("Currently " + String(Meter.getCurrentFlowrate()) + " l/min, " +    

String(Meter.getTotalVolume())+ " l total.");  // output some measurement result 

lcd.setCursor(0, 3); 
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lcd.print(String(Meter.getCurrentFlowrate()) + "L/min, " + 

String(Meter.getTotalVolume())+ "L T"); 

Volume = (Meter.getTotalVolume()); 

buttonState2 = digitalRead(buttonPin2); 

if (buttonState2 == HIGH & Volume<1) {   

digitalWrite(Relay3, LOW); // turn Solenoid valve2 on: 

} else { 

digitalWrite(Relay3, HIGH);} // turn Solenoid valve2 off: 

 delay(1000);  

}  
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Appendix B: Arduino program for the Solar Tracker 

 

#include <Servo.h> // servo library is included 

 

// 180 horizontal (maximum) 

Servo horizontal; // horizontal, servo motor 

int servoh = 180;   // 90;     // horizontal servo motor which is stand 

 

int servohLimitHigh = 180; 

int servohLimitLow = 5; 

 

// 65 degrees MAX 

Servo vertical;   // vertical servo  

int servov = 45;    //   90;     // stand, vertical servo motor 

 

int servovLimitHigh = 80; 

int servovLimitLow = 5; 

 

// LDR pin connections 

//  name  = analogpin; 

int ldrlt = 0; //LDR top left - BOTTOM LEFT    <--- BDG 

int ldrrt = 1; //LDR top rigt - BOTTOM RIGHT  

int ldrld = 2; //LDR down left - TOP LEFT 

int ldrrd = 3; //ldr down rigt - TOP RIGHT 

 

void setup() 

{ 

  Serial.begin(9600); 

// servo connections 

// name.attacht(pin); 

  horizontal.attach(9);  

  vertical.attach(10); 

  horizontal.write(180); 

  vertical.write(45); 

  delay(3000); 

} 

 

void loop()  

{ 

  int lt = analogRead(ldrlt); // left top  

  int rt = analogRead(ldrrt); // top right 

  int ld = analogRead(ldrld); // down left 

  int rd = analogRead(ldrrd); // down rigt 
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  // int dtime = analogRead(4)/20; // read potentiometers   

  // int tol = analogRead(5)/4; 

  int dtime = 10; 

  int tol = 50; 

   

  int avt = (lt + rt) / 2; // average value top 

  int avd = (ld + rd) / 2; // average value down 

  int avl = (lt + ld) / 2; // average value left 

  int avr = (rt + rd) / 2; // average value right 

 

  int dvert = avt - avd; // check the diffirence of up and down 

  int dhoriz = avl - avr;// check the diffirence og left and rigt 

   

  Serial.print(avt); 

  Serial.print(" "); 

  Serial.print(avd); 

  Serial.print(" "); 

  Serial.print(avl); 

  Serial.print(" "); 

  Serial.print(avr); 

  Serial.print("   "); 

  Serial.print(dtime); 

  Serial.print("   "); 

  Serial.print(tol); 

  Serial.println(" "); 

   

     

  if (-1*tol > dvert || dvert > tol) // check if the diffirence is in the tolerance else change 

vertical angle 

  { 

  if (avt > avd) 

  { 

    servov = ++servov; 

     if (servov > servovLimitHigh)  

     {  

      servov = servovLimitHigh; 

     } 

  } 

  else if (avt < avd) 

  { 

    servov= --servov; 

    if (servov < servovLimitLow) 

  { 
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    servov = servovLimitLow; 

  } 

  } 

  vertical.write(servov); 

  } 

   

  if (-1*tol > dhoriz || dhoriz > tol) // check if the diffirence is in the tolerance else 

change horizontal angle 

  { 

  if (avl > avr) 

  { 

    servoh = --servoh; 

    if (servoh < servohLimitLow) 

    { 

    servoh = servohLimitLow; 

    } 

  } 

  else if (avl < avr) 

  { 

    servoh = ++servoh; 

     if (servoh > servohLimitHigh) 

     { 

     servoh = servohLimitHigh; 

     } 

  } 

  else if (avl = avr) 

  { 

    // nothing 

  } 

  horizontal.write(servoh); 

  } 

   delay(dtime); 

 

} 

 


