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ABSTRACT

This report is based on the ‘Solar Cooling System’ project that has been implemented.
The report will give an overview to all the processes and constructions of project

work. The main objective of this project is to provide cooling in the car by using solar
power.

Hot day and high temperature will give uncomfortable situation to most people,
especially when they get into their car after parking for several hours in open space.
The person could not even hold the steering or sit comfortably on the seat because the
things are already heat up. They also feel hot when they open the window during the
car moving for saving the fuel or the air conditioning is not functioning. In order to
reduce the high temperature, this project will utilize the solar (photovoltaic) energy as
a source to the cooling system in a car. The solar (photovoltaic) energy will charge
the baitery instead of activating the system. The battery will be used as a back up
when solar energy is not sufficient and generates other electronic devices in the car. A
thermistor that contains in control unit will be used to sense the temperature
difference. When the temperature has reached to the temperature that has been set, the
cooling system will turn on in order to reduce the temperature inside the car and suck
the hot air out. The research and design stage will be complete during the first
semester and construction stage will be done during the second semester. The
analysis of cooling system to the real application will also be carried out to fulfill the

design requirement instead of improving it.
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CHAPTER 1
INTRODUCTION

1.1 Background of Study

The sun, is a source of practically unlimited energy, most of which is wasted but
nevertheless provides with millions of kilowatts of power, to keep warm, and grows all
the food. Nowadays solar power has become one of the energy for human life. The
demands for solar power are increasing and still continue.

~ Solar power is used in two primary forms, which are thermal solar, where the heat of
the sun is used to heat water or another working fluid, which drives turbines or other
machinery to create electricity; and photovoltaic, where electricity is produced directly
from the sun with no moving parts. Photovoltaic panel is the example which produces
electricity directly from the sun.

Photovoltaic power is one of the most promising renewable energy sources in the world.
It's totally non-polluting, safe, has no moving parts to break down, and does not require
much maintenance.

On top of it, photovoltaic power has been used in many applications for daily usage. For
example it has been used for lighting, to run electronic devices and others. As in this
project, it will be utilized to energize the cooling system in a car.

The cooling system in a car will provide a comfortable condition for the passenger in a
car and decrease the high temperature. It is energy free, cheap and cost saving because
the system will straight away use the photovoltaic power.

The solar cooling system of a car project is more on conceptual design of electronic
circuit to provide cooling energized by photovoltaic power. In the first semester, research
and design are implemented. The circuit assemblage, construction of the prototype and

circuit installation in the prototype will be completed in second semester.
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1.2  Problem Statement

People park their cars at the open space which are exposed to the sunlight. From the
study that has been done, it 1s shown that the temperature inside the car will reach until
40°C and above. The high temperature inside the car will make an uncomfortable
condition to the passengers whenever they get into their car. Because of that, the person
feels uncomfortably to sit in the car even hold the steering of the car. Usually the
temperature inside the car ié higher than the temperature outside the car because the car
is fully sealed. The car will absorb the heat and the heat will accumulate. Although there
is an air conditioner, it will only cool inside the car after a few minutes after it was
turned on. In order to overcome these problems, this project will design a temperature
controller circuit that will be used to cool down or reduce the temperature inside the car
to normal room temperature.

Instead of that the system also can be used during the car moving. For energy saving, the
passenger will turn off the air conditioner and open the car window. As the temperature
has reached to the certain amount of temperature that has been set, the system will turn
on. This will provide more cooling inside the car for the benefit of the passenger. If the
cooling is already sufficient, and the temperature already drops from its set point, the
system will automatically off. The passenger also can always tum off the system

manually if the cooling is not needed.

1.3  Objectives

The objectives of this project are:

To study and design a cooling system that utilize the solar energy
To study the battery operation in photovoltaic operation

To construct a prototype of cooling system in a car by using solar

* & &+ @

To come out with a design which is energy saving and cost effective
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1.4  Scope of Study

Due to constrain in time frame allocated and to ensure this project will be successfully

done; the scope of study for this project will be limited within the following area:

O

Q

O

The photovoitaic system and its operation

Battery operation in photoveltaic operation(storage)
Circuit design and its assemblage

Prototype design and construction

Analysis on cooling system to the real application

20



CHAPTER 2
LITERATURE AND THEORETICAL REVIEW

2.1 The Photovoltaic System

The solar cooling system of a car will consist of solar photovoltaic (PV) panel, battery as
power storage, a control unit which consists of calibration and output circuit, and the
output which are the fan and temperature display. The solar photovoltaic (PV) panel will
collect the solar energy and convert it to electrical energy - the direct current (DC). The
amount of conversion is depends on the intensity of sunfight. This means that, if the day
is brighter, the more electrical energy will be produced. The dc current will straight away
energize the cooling system in the car. Instead of energizing the circuit, the photovoltaic
power also charges the battery and stores the excess energy in the battery. The electrical
energy in the battery is used to energize the controlling unit if the photovoltaic powér is
not sufficient and also use to generate other electronic devices in the car. Generally the

photovoltaic system consists of a number of subsystefns which shown in Figure 1:

1) The solar panel with sun tracking system
2) Batteries ( power storage)
3) Control wunit, including temperature sensor for temperature difference

measurement
4) The output which provide cooling and monitoring, which are the fan and

temperature display.
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SOLAR (PV) PANEL > %

[ BATTERY STORAGE

NS

FAN < : : > SEVEN SEGMENT DISPLAY

Figure 1 : Cooling System Flow Chart

2.2 Solar Photovoltaic (PV) Panel

A Solar Photovoltaic (PV) is the most benign method of power generation today. The PV
produces absolutely no emission and uses the unlimited resource of the free sunshine as
its fuel. Since sunshine is available everywhere whenever there is a sun, the PV
applications have no boundary. The PV system also has no moving part. Thus the
operation of a PV system is very quiet, clean and requires almost no maintenance.
Today, most PV modules are guaranteed to last between 20 to 30 years. Solar
Photovoltaic (PV) is made of semiconductor material, most commonly silicon. Solar
Photovoltaic (PV) Panel works on the principle of the photovoltaic effect. The
photovoltaic effect is the conversion of sunlight (photon) directly into electricity. This
occurs when the PV cell is exposed to the light (photon) and struck by the sunlight
(photon). The electrical charges are generated and this can be conducted away by

22



electrical conductor as direct current (d.c.). The ‘freeing’ silicon electrons to travel from
the PV cell, through electronic circuitry, to a load. Then they return to the PV cell, where

the silicon recaptures the electron and the process is repeated. The effect of photovoltaic

is shown in figure 2.
/ External Circuit
e
Application
~ l
| \ Electronic
T Circuitry
Lights
(photons)
Negative Layer \ Positive Layer

Figure 2 : Principle of Operation

2.2.1 Solar Photovoltaic Theory

A solar PV module is made up of several solar cells. Each solar cell consists of two type

semiconductors, which are P type and N type.

(*blue — electron; red- electron holes)

——— —— ey

Figure 3  : Sun strikes the semiconductor
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The operation starts when sunlight strikes the semiconductors, pairs of electrons (-) and

electron holes (+) are produced.

Figure 4 : Electrons and electron holes attracted to P and N semiconductor

The electrons (-) are attracted to the N type semiconductor and the electron holes (+) are
attracted to the P type semiconductor. Because the contact surface between the N type
and P type semiconductor are one way route, once they are attracted to the

semiconductor they cannot return.

Yte,
LETA]

Figure 5 : Electrons overflow

When the N type semiconductor has become filled with electrons (-), they overflow into
the conductor and move towards the P type semiconductor, causing a current to flow and

the energy in the solar radiation is converted into electrical energy in the circuit.

The efficiency of photovoltaic conversion is limited by the relationships between the
photon energies and the energy gap in the semiconductor. Photons in the ultra-violet and
visible regions of the solar spectrum have energies greater than the energy gap, so only
part of their energy is converted into electrical energy by the creation of electron-hole
pairs. The excess energy is dissipated as heat. Photons in the near infra-red with
wavelengths 0.7 um to 1.1 pm have energies only slightly greater than the energy gap, so

most of their energy is converted into electricity. Near infra-red photons with
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wavelengths greater than 1.13 pm have energies less than the energy gap and cannot
produce electron-hole pairs, so they cannot contribute to the electrical energy output of
the solar cell. Taking these facts into consideration it is found that an upper limit to the
efficiency of a silicon solar cell is 45%. However, recombination of electrons and holes
before they are completely separated reduces the attainable efficiency still further to
about 20%.

2.2.2 Solar Cell Materials

Sunlight

) Cover glass ® N-type 8I
© Antireflective coating O P-type S)
O Contact grid @ Back contact

Figure 6 : Basic structure of a generic silicon PV cell

Semiconductors behave partly as insulators and partly as conductors. Atoms in a
semiconductor easily lose one of their electrons, allowing another from a nearby atom to
replace it. Semiconductors are significant because the flow of electrons can be
controlled. Germanium, copper oxide, and silicon are all materials, which can be used to
create semiconductors. Over 95% of the solar cells formed globally are made up of the
semiconductor, Silicon. Silicon cells are about 10 cm x 10 cm until recently. A clear
anti-reflection film shields the cell and reduces reflective loss on the cell surface. The
usable voltage from solar cells depends on the semiconductor material. The semi-

conductor silicon creates amounts equal to about a 0.5 Volt.

The conductivity of a semiconductor is clearly affected by slight amounts of impurity,

There are a numerous materials suitable for producing these semi-conducting layers, and
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each has its benefits and drawbacks. There is no one ideal material for all types of cells
and applications. Solar cells have an electrical contact to collect electrons from the
semiconductor. [t then moves the electrons to the external load, and then they transfer to
the back of the contact-layer to complete the electrical circuit. On top of the complete
cell is typically a glass cover to seal the cell and to keep the weather out, and an anti
reflective coating to keep the cell from reflecting the light back away from the cell. A
typical solar cell consists of a cover glass, an anti-reflective layer, a front contact to

allow the electrons to enter a circuit, p-layer, n-layer, and then the semiconductor.

2.2.3  Solar Radiation

Selar Radiation in Malaysia

A heavy rainfall, constantly high temperature and relative humidity characterize the
Malaysian climate. Much of the precipitation occurs as thunderstorms and the normal
pattern is one of heavy falls within a short period. Generally, chances of rain falling in
the afternoon or early evening are high compared with that in the morning. The country
experiences more than 170 rainy days; however, an area may have a greater number of

- rainy days and yet receive a lesser amount of rain in a year than another area with
smaller number of rainy days but receiving its rain in heavy spells. Ambient temperature
remains unifbrmly high over the country throughout the year. Averdge ambient
temperatures are between 26.0 to 32.0 °C. Most locations have a relative humidity of 80

— 88%, rising to nearly 90 % in the highland areas, and never falling below 60%.

2
The monthly average daily solar radiation in Malaysia is 4000 - 5000 Whr/m , with the
monthly average daily sunshine duration ranging from 4 hr to 8 hr (Sopian and Othman,
1992). It is also estimated that the total solar energy received in a year is 16 times the

Malaysian annual conventional energy requirement.

Most places in Malaysia recorded normal solar radiation except the highland areas of
east Perak & southwest Kelantan and Perlis had slightly below normal solar radiation,
where as northeast Sarawak had slightly above normal solar radiation. In F igure 7
shown below, most places in Peninsular Malaysia recorded solar radiation ranging from

14 to 20 MIm™ per day whereas the whole Sabah & Sarawak recorded 16 MIm? to 23
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MJm™ per day. The lowest solar radiation is between 11 MIm™ to 14 MJm™ per day was
recorded over the highland areas of southeast Perak, northwest Pahang & southwest
Kelantan. However, the highest daily solar radiation of between 22 and 23 MJm™? was
recorded over most parts of Sabah.

AN

1°1° 108 " "

Figure 7 : Mean Daily Solar Radiation(MJm™?)

Ideally, the orientation of a photovoltaic panel must face south towards the equator, but
Malaysia being close to the equator offers an advantage for innovative architectural
ecstatic and sensible design with varieties of orientations and shading considerations.
Table 1 shows the estimates for the annual energy yield from photovoltaic installations
located at the various locations. A solar photovoltaic installation in Malaysia would
produce energy of about 900 — 1400 kWh/kWp per year depending on the Iocations.
Areas located at the northern and middle part of the Peninsular and the coastal part of
Sabah and Sarawak would yield higher performance. An installation in Kuala Lumpur
would yield around 1100 kWh/kWp per year (Alamsyah et al, 2004).
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Locartions Penang Ipoh Joliore Kuala Kota Baru
Barmu Lwunpur
Energy 1286 1253 1171 Lis2 1229
vield
Locarions Lota Kuala Kuching Baundar Kunutan
Kinabalu Trengzanu Baru Bangi
Energy 1369 1235 HEST 1072 154
vield
Table 1 : Estimates of Annual Energy Yield for Various Locations in Malaysia

Solar Radiation Characteristic

A PV module would generate d.c. electricity whenever it is exposed to direct sunshine.
The amount of power generated is proportional to the intensity of the solar radiation, but
it could be affected by ambient temperature. A 100W,, solar PV module would produce
100Wq . power at Standard Test Condition (STC), i.e. at direct exposure to 1000W/m? of
solar radiation with air mass of 1.5AM and the PV cell temperature is at 25°C. However,
this ideal condition is difficult to achieve. In tropical climate country such as in
Malaysia, the maximum solar radiation is typically between 800W/m” to 1000W/m?, but
the ambient temperature could be as high as 40°C at noon, resulting in a 60°C PV cell
temperature. Hence, the 100W,, PV would only produce a maximum of 80W .. power at
times. Graphs below show the relationship between solar radiation and PV power output

(AC) versus time and PV cell temperature with ambient temperature versus time.
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2.2.4 Solar Panel Construction

The most important material for solar panel production is silicon. At the time being it is
almost the only material used for solar cell mass production. As the most often used
semiconductor material it has some important advantages:

» In nature it can be easily found in large quantities. Silicon oxide forms 1/3 of the
Earth's crust.

» It is not poisonous, and it is environment friendly, its waste does not represent
any problems.

» It can be easily melted, handled, and it is fairly easy formed into mono-
crystalline form.

» Its electrical properties with endurance of 125°C allow the use of silicon
semiconductor devices even in the most harsh environment and applications.

The solar panel must go through certain process before it can be used. A figure 10 show

how the solar silicon is made into a solar energy module or solar panel is made:

Solar
Module

Figure 10 : Solar Panel Construction

Framing
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2.2.5 Solar Cells, Solar Panel and Solar Array

A solar panel or solar module consists of many solar cells. Solar cells capture the sun's
energy and change it to electricity. Inside a solar panel, each cell contains silicon, an
element found in sand that absorbs sunlight. The energy in this absorbed light produces a
small electrical current. Metal grids around the solar cells direct the currents into wires
that lead to the power controls. The solar cells are then combined to be solar panel. One
or more solar panels will produce solar array which convert sunlight into clean solar
electricity. PV is short for Photovoltaics, which means electricity from light. The solar
panels need to be located facing the sun and avoiding shade for best results to generate
DC power.

Array

Figure 11 : Solar cell, modules, panel and array
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2.2.6  Types of Solar (PV) Cell

There are more than four types of solar cells that normally used today. The different
types of solar cells are because of on how the silicones are made into cells. These are the

general types of solar (PV) cells:

1. Monocrystalline Silicon Cells:

Figure 12 : Monocrystalline Silicone Cell

Made using cells saw-cut from a single cylindrical crystal of silicon, this is the most
efficient of the photovoitaic (PV) technologies. The principle advantage of
monocrystalline cells are their high efficiencies, typically around 15%, aithough the
manufacturing process required to produce monocrystalline silicon is complicated,

resulting in slightly higher costs than other technotogies.

2. Multicrystalline Silicon Cells

Figure 13 : Multicrystalline Silicon Celi

It is made from cells cut from an ingot of melted and recrystallised silicon. In the
manufacturing process, molten silicon is cast into ingots of polycrystalline sificon; these
ingots are then saw-cut into very thin wafers and assembled into complete cells.
Multicrystalline cells are cheaper to produce than monocrystalline ones, due to the
simpler manufacturing process. However, they tend to be slightly less efficient, with

average efficiencies of around 12%., creating a granular texture.
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3. Thick-film Silicon

Figure 14 : Thick-film Silicon

Another multicrystalline technology where the silicon is deposited in a continuous
process onto a base material giving a fine grained, sparkling appearance. Like all
crystalline PV, this is encapsulated in a transparent insulating polymer with a tempered

glass cover and usually bound into a strong aluminium frame,

4. Amorphous Silicon

Figure 15 : Amorphous Silicon

Amorphous silicon cells are composed of silicon atoms in 2 thin homogenous layer
rather than a crystal structure. Amorphous silicon absorbs light more effectively than
crystalline silicon, so the cells can be thinner. For this reason, amorphous silicon is also
known as a "thin film" PV technology. Amorphous silicon can be deposited on a wide
range of substrates, both rigid and flexible, which makes it ideal for curved surfaces and -
"fold-away" modules. Amorphous cells are, however, less efficient than crystalline
based cells, with typical efficiencies of around 6%, but they are easier and therefore
cheaper to produce. Their low cost makes they ideally suited for many applications

where high efficiency is not required and low cost is important.
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5. Other Thin Films
A number of other promising materials such as cadmium telluride (CdTe), EFG, copper
indium diselenide (CIS), Hybrid Silicon (HIT) are now being used for PV modules. The
attraction of these technologies is that they can be manufactured by relatively
inexpensive industrial processes, certainly in comparison to crystalline sificon
technologies, yet they typically offer higher module efficiencies than amorphous silicon.

New technologies based on the photosynthesis process are not yet on the market.
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2.3 Battery Storage

Figure 16 : Yokohama Sealed Lead Acid

The second part in the subsystem is battery storage. Battery storage is used as a back
up when solar panel doesn’t provide sufficient energy to the control unit, Besides, the
battery also can be used to generate other electronic devices in the car. Batteries store
the electrical energy generated by the modules during sunny periods, and deliver it

whenever the modules cannot supply power.

Normally, batteries are discharged during the night or cloudy weather. But if the load
exceeds the array output during the day, the batteries can supplement the energy
supplied by the modules. The interval which includes one period of charging and one
of discharging is described as a "cycle." Ideally, the batteries are recharged to 100%
capacity during the charging phase of each cycle. The batteries must not be

completely discharged during each cycle.

No single component in a photovoltaic system is more affected by the size and usage
of the load than storage batteries. If a charge controller is not included in the system,
oversized loads or excessive Use can drain the batteries charge to the point where
they are damaged and must be replaced. If a controller does not stop overcharging,
the batteries can be damaged during times of low or no load usage or long periods of
full sun. For these reasons, battery systems must be sized to match the load. In
addition, different types and brands of batferies have different "voltage set point
windows." This refers to the range of voltage the battery has available between a fulty
discharged and fully charged state. As an example, a battery may have a voltage of 14
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volts when fully charged, and 11 when fully discharged. Assume the load will not
operate properly below 12 volts. Therefore, there will be times when this battery

cannot supply enough voltage for the load. The battery's voltage window does not

maltch that of the load.

There are many types of battery that available in the market. In this project, the

battery that has been used in this project is sealed lead acid from Yokohama.

2.3.1 Performance

The performance of storage batteries is described two ways. These are the amp-hour

capacity, and the depth of cycling.

I) Amp-hour capacity

The first method, the number of amp-hours a battery can deliver, is simply the
number of amps of current it can discharge, multiplied by the number of hours it can
deliver that current. Designers use amp-hour specifications to determine how long the
system will operate without any significant amount of sunlight to recharge the
batteries. This measure of "days of autonomy" is an important part of design

procedures.

Theoretically, a 200 amp-hour battery should be able to deliver either 200 amps for
one hour, 50 amps for 4 hoﬁrs, 4 amps for 50 hours, or one amp for 200 hours. In this
project, the battery is 1.3 Amp for one hour or I Amp for 1.3 hour. This is not really
the case, since some batteries, such as automotive ones, are designed for short periods
of rapid discharge without damage. However, they are not designed for long time
periods of low discharge. This is why automotive batteries are not appropriate for,
and should not be used in, photovoltaic systems. Other types of batteries are designed
for very low rates of discharge over long periods of time. These are appropriate for

photovoltaic applications.

Charge and discharge rates

If the battery is charged or discharged at a different rate than specified, the available
amp-hour capacity will increase or decrease. Generally, if the battery is discharged at
a slower rate, its capacity will probably be slightly higher. More rapid rates will

generally reduce the available capacity. The rate of charge or discharge is defined as
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the total capacity divided by some number. For example, a discharge rate of /20
means the battery is being discharged at a current eQual to 1/20th of its total capacity.

In the case of a 400 amp-hour battery, this would mean a discharge rate of 20 amps.

Temperature
Another factor influencing amp-hour capacity is the temperature of the battery and its

-
.

surroundings. Batteries are rated for performance at 80°F. Lower temperatures

reduce amp-hour capacity significantly. Higher temperatures result in a slightly

higher capacity, but this will increase water loss and decrease the number of cycles in

the battery life

2) Depth of discharge

The second description of performance is depth of discharge. This describes how
much of the total amp-hour capacity of the battery is used during a charge-recharge
cycle. As an example, "shallow cycle" batteries are designed to discharge from 10%
to 25% of their total amp-hour capacity during each cycle. In contrast, most "deep
cycle” batteries designed for photovoltéic aﬁplications are designed to discharge up to
80% of their capacity without damage, Manufacturers of deep cycle "Ni cad” batteries
claim their product can be totally discharged without damage. Even deep cycle
batteries are affected by the depth of discharge. The deeper the discharge, the smaller
the number of charging cycles the battery will last (Figure 17). They are also affected

by the rate of discharge and their temperature.
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Figure 17 : Number of Cycles for Different Discharge Depths
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2.3.2  Baierieys in series and Parallel

Batteries, like photovoltaic cells, can be connected in series to increase the voltage.
They can be connected in parallel to increase the amp-hour capacity of the battery
system. [nterconnected groups of batteries are usually called "battery banks". Figures

below show how the batteries are interconnected.

Connecting batteries in both series and parailel will increase the voltage and the amp-
hour capacity. The connections and wiring of the batteries plays a large role in how
well the batteries are treated. The quality and method of wiring these systems is very
important to maintain acceptable battery health and lifetime. A large voltage drop in
the system between the battery and the battery charge controller will change how the
battery charge controller operates. This voltage drop, measured during full charging
rates, will reduce the voltage regulation set point the battery is charged to and reduce

the capacity and lifetime of the battery.

SERIES PARALLEL

Figure 18 : Batteries Connected in Series, Parallel, and Series-Parallel
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2.4 Control Unit

Figure 19 : Control unit circuit

Control Unit is the most important subsystem in the cooling system. The control unit
will sense the temperature difference in the circuit and starts cooling. The control unit

comprises of two parts of circuits which are calibration circuit and output circuit.

2.4.1 Calibration circuit

Figure 20 : Calibration Circuit Connection

Calibration circuit is use to sense the temperature difference in the car. Any increment
or decrement of temperature is sense by thermistor which can sense until 300°C. The

thermistor is also one of a resistor type. When the temperature is high it will give a
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high resistance and vice versa. The other main component that contains in the circuit
is LM308, precision operational amplifier. This amplifier can be able to measure over
0°C to +70°C temperature ranges. It operates with supply voltages from +2V to
20V and has sufficient supply rejection to use unregulated supply.

The precision temperature sensor LM335 is also use in the circuit. It is easily
calibrated and calibrates between -40°C to 100°C. It operated as a two terminal Zener
and the breakdown voltage is directly proportional to the absolute temperature at
10mV/°K. Besides, the precision voltage reference, LM329 is also included in the
circuit. It is temperature compensate 6.9V Zener reference which provide stability
over time and temperature. It has very low dynamic impedance and a wide operating
current range. The operating temperature range is between 0°C to +70°C.

In order to compare the voltage before it will activate the output, the low power duat
operational amplifiers LM358 are used. These operational amplifiers are use as
comparator. They compare the incoming voltage with the reference voltage. The
output will only activate if the input voltage is the same with reference voltage or
more. The operational amplifier consist of two independent, high gain and can
operated from as single supply over a wide range of voltages which is from 3V to
32°V. All of these components that have been used in the circuit are come in chip

sized package except for thermistor.

2.4.2 Output Circuit

Figure 21 : Seven segment display and fan

The output circuit contains of seven segment display and fans. The seven segment
display is used to display the current car temperature and the temperature that has

been set to activate fan. The circuit contains analog to digital converter, ICL 7107
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which receive the voltage signal in analog form and convert it into digital which can
be display by seven segments. This converter comes in chip sized. The other main
components are buffers, SN7404 which contains six independent gates in a chip and
perform buffer operation before the signal in digital form goes into the seven segment

display.

The second outputs are fans. The 12V fans have two functions. The first fan is use to
blow the air into the car and the other fan will suck the air out. This operation is used
as ventilation and provides cooling in the car. All of these outputs will activate if

only the signal from calibration circuit is received.
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CHAPTER 3
METHODOLOGY

3.1 Project Work

This final year project, the “Solar Cooling System of a Car® will be implemented in
duration of two semesters. The project will need several methiods in order to complete
the task. Therefore, the project will be divided into a few stages. The distributions of

the main tasks are listed as below:

I First semester: Literature review / research / data gathering / calculations.

2. Second semester: Design / testing / prototype / installation / analysis.

All the tasks for this project must be based within the allocated time frame,
which is two semester, For the first semester, the project will be focused on basic
research and principle on car cooling system and circﬁit design. The concept of the
cooling system and how to provide cooling by using electronic devices also should be

determined to fulfill the project requirement.

For second semester, the project will be more focused on circuit assemblage,
prototype construction and circuitry installation in the prototype. The project will
continue with detailed analysis of the performance of cooling system which will
include the key elements of project. The ideas from research and all the theories of

the project will be apply in this semester.
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Figure 22  : Project Flow Chart
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3.2 Literature Review and Research

Literature review and research should be done before doing the project. It is done by
seeking information through books, intermet and journals. Literature review and
research provides important and useful knowledge for design stage. The research

included the cooling system that used for car or other application and circuit design.

3.3 Data Gathering

All the relevant information obtained from research for this project are gathered and

revised. The information is important for reference and ideas. It should be used for

later stages.

3.4 Sizing and Calculation

The determination of the component sizes, number of component used and amount .of
parameter such as voltage and current that source will be supply and load will use

will be calculated during this stage.

3.5 Design

The model circuit for solar cooling system of a car must be designed first before it
can be constructed. The design software will be used to make the design job easier.
The determination circuit operation and component selection that fulfilied the design

requirement are also done during this stage. Refer to page 31 for circuit schematic

diagram.

3.5.1 Tools, Component and Software

There are several tools and component that needed to be used during
design and installation stage. All the tools, material and software listed
below are defined along the design stages.
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Component / Tools Amount Component / Tools Amount

. Solar Panel ] 30. 0.1uF I
2. Sealed Lead Acid Battery 4 31.0.047uF I
3. 10k 5 32.0.22uF I
4. 102k (1%) ! 33. 1000uF 5
5. 294k (1%) l 35.0.01uF I
6. 698Kk (1%) 1 36. 100pF l
7. 4.7k 1 37. IN4001 7
8. 100k (1%0) I 38. Thermistor ]
9. 50k 2 39. Fan (12V) 2
10. IM 4 40. Variable Switch ]
11. 24k 1 41. Seven segment display 4
12. 10k (variable) 4 42. 17805 1
13. 5k (variable) 1 43.1.7915 !
14.330 2 44.1.7809 1
15. 150 24 45..L7815 I
16. 10 5 46 .LED 2
17. 25k (variable) 1 47.1CL7107 (A/D converter) I
18100k 1 48. SN 7404 4
19. 470k 1 49, Diode 2
20. LM 335 1 50. Pin Connector | 5
21.LM 329B ] 51. Wire Connector (1m) 4
22, LM 308 1 52.Crocodile Clip 3
23.1LM 358 2 53. Car Prototype 1
24.1.7805 I

25. L7905 1

26. Relay (12V) 2

27.9013 2

28. 100pF 2

29.0.01uF 2

Tabie 3 : List of Component and Tools




Software
. Eagle Win Eng. 4.13
. MATLAB

3.6 Testing

The model circuit that has been designed will be tested on the normal circuit boa_rd
(bread board) to ensure that the circuit will work. If the circuit is not working, the
circuit model will go back to design stage to modified, improvise and check the

errors. The project will only proceed to the next stage if the model circuit is working.

3.7 Prototype

After the tested model circuit working, the circuit will transfer into the veraboard to
solder. The construction of car prototype is also done at this stage. The size of the car

prototype is depends on the solar panel size.

3.8 [Installation

When the circuit is already soldered and the car prototype is already constructed, the
installation work is begun. The wiring of the circuit inside the car is done depend on
car arrangement. The solar panel is also put at a suitable place at the car so that it will

more expose to the sunlight.

3.9 Analysis

The prototype of cooling system performance will be tested and analyzed back when

the installation is done. The analysis will use MATLAB software
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CHAPTER 4
RESULT AND DISCUSSION

4.1 The Photovoltaic System Concept

4.1.1 Solar panel charging concept

Solar panel charges the battery storage instead of giving supply directly to the control
unit. The battery storage will give the supply back to the controi unit of if the solar
panel current is not sufficient. The table below shows the tabulation of voltage and

current that will produce by solar panel during sunny and cloudy day.

Day Voltage Current
Sunny 21V : 300mA
Cloudy 17V 100mA

Table 4 : Voltage and current tabulation

From the study that has been done, the average voltage and current that the solar
panel can produce during normal sunny day are +21V and +300mA. While during
cloudy day the average voltage and current are + 17V and + 100mA. The voltage
and current produce are depends on the type of solar panel. The higher efficiency of
the solar panel, the more voltage and current it will produce. In this project, the solar
panel that has been used is Amorphous Silicon. Amorphous Silicon has a low
efficiency which is between 5% - 8% but low in cost. The suitable solar panel that
can be used for this project is Polyerystalline Silicon which has 13% - 15%
efficiency but higher in cost. This means that, one Polycrystalline Silicon solar panel

is equals to three times efficiencies of Amorphous Silicon solar panel
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Calculation

Amount of battery discharge per hour = [.3AH

1. Sunny day:
Solar Charging Current = 300mA
By using formula:
Q=1t
t=Q/I
= 1.3Ah/300mA
~ 4 h (hours to charge the battery)

2. Cloudy day
Solar Charging Current = 15mA
By using formula:
Q=1lt
t=Q/I
t=1.3A/100mA
~ [ 3h (hours to charge the battery)

(* resistance is negligible) _
The calculation above shows that during normal sunny &ay, the solar panel can fully
charge the battery up to 4 hours. As for cloudy day, the time that take for solar panel
to fully charge the battery is a bit longer, which about 13 hours. This is because the

light intensity is low.

4.1.2  Solar panel arrangement and circuit

The solar panel must be connected to the protection circuit before it will connect to
the battery and the control unit. The protection circuit contains a blocking diode
which can prevent the overcharging current flow from solar panel to the battery. The
battery will produce a reverse flow of current to the solar panel especially at night.
This flow will drain power from batteries. The battery will damage if the protection
diode is not included. The arrangement of solar panel, batteries and protection circuit

are shown below:
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Solar Panel

Protection
circuit

Figure 23  : Connection to the protection circuit

Battery

Mt

Figure 24 : Protection circuit schematic

Figure 23 shows the connection between solar panel protection circuit and battery.
Diode is used in the protection circuit to stop the reverse current. Diode will only
allow the current to flow in one direction. In this circuit, diode is connected between
solar panel and batteries for protection. Batteries are then connected to the capacitor
to store the access charge. From capacitors, the wire is connected to the voltage
regulator to produce a stable output to the control unit. Basically, this is how the

source circuit connection to the control unit. The detail circuit connection and

operation of diode is shown at Figure 24.
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4.2 Battery Storage

4.2.1 Battery sizing

The battery stores energy froin the solar panel enabling the system load to operate
when necessary. Due to the vagaries of the weather, the long periods of below
average must be allowed in order to ensure reliable operation. In effect this means
that the battery size is calculated to allow for a certain number of days without energy
input, the system autonomy.
Several important points need to be considered:

[. The situation occur which it is not advisable to allow the battery to discharge

to 0% capacity

2. Capacity reduces with temperature

3. The effect of self discharge and charging effect may be significant

4. The battery capacity is a function of discharge rate
Typically, the battery can’t be discharge below its 30% charge state and allow for a
10% capacity reduction in cloudy day. Thus the suitable batteries choice are sealed
acid that ideal for solar systems. lts have high charge efficiency, low self discharge

and good recovery from high discharge.

4.2.2 Battery supply

Battery needs to supply the control unit when solar panel doesn’t provide a sufficient
energy. Table 3 shows the discharge current produce and the period for battery can be
used to supply the current to control unit:

Battery Capacity = 5.0 Ah

Discharge Current (A) Hours battery can be used (h)
1 5
1.25 4
1.67 3
2.5 2

Table 5 : Discharge current and hour for 5.0Ah batteries can be used
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Based on the table above, batteries can supply for 5 hours if its discharge for 1
Ampere. Other than that, the batteries can only supply for 2 hours if its discharge for
2.5Ampere. This means that, the more current discharge, the shorter hours that battery

can stand.

4.3 Control Unit

Control unit is the important part in the cooling system operation. It contains
calibration circuit which provides a signal to the output circuit and the output will

start cooling. Figure 25 shows the schematic diagram of control unit:

£

Figure 25 : Control unit circuit diagram
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4.3.1  Circuit operation

The operation of the circuit starts when the sensor (thermistor) senses the temperature
difference between two blocks, which are positive and negative. The precision
operational amplifier (LM308} will measure how fast or slow current flows from
sensor to become an output voltage. The precision temperature sensor (LM 335) will
get the voltage reading and calibrate it. Every output voltage of 10mV for operational
amplifier is equals to IK° increment. The output from precision operational amplifier
that measures the voltage will be obtained by (LM358) operational amplifiers which
operate as comparators. The output from (LM308) precision operational amplifier
will be an input to (LM358) comparators. The comparator will compare the voltage.
If the input voltage is the same or more than voltage reference, outputs will high,
refays will turn on and fan will activate. If input voltage is below than voltage
reference, output will low, relay and fan will not activate. The voltage difference
cannot be seen, so display will be connected to show the voltage difterence. The

~ analog to digital converter (ICL.7107) will change the analog voltage reading from
output of the selector switch to C° (digital). The ICL7107 will connect with buffer
(SN7404) that will buff the signal to seven segment display. The temperature
increment and decrement will be seen at the display.

The 32V control unit circuit is using the selector circuit to show the current
temperature (surrounding temperature) and the temperature that have been set to

activate the system. This is how the switch operates:

o There are 3 selector switch to select the temperature that has been set:
1. The first switch is used to display the current temperature
2. The second switch is to show the temperature that has been set to turn
on the blowing fan.
3. The third switch is to show the temperature that has been set to tumn
on the sucking fan.
After the temperature have been set by using the variable resistor, the fan will
activated regarding to the temperature that have been set. Say if the second switch
and the third switch are set to 32°C, the blowing and the sucking fan turn on equally.
But the temperature can be set at different value in order to make the fan turn on at

different time. It depends on design requirement.
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4.4 The Cooling System

4.4.1 Features

Sun shield / solar screening fabric glass Solar Panel

Control Unit \

Display

Fan

h)

Battery Storage

Figure 26 : Cooling system features

The implementation and construction of cooling system to a car can be modeled as in
the figure 26. At the front side of the car, the main component such as control unit,
temperature display and the blowing fan will be placed. While at the back side of the
car, the sucking fan and the battery storage will be placed. On the roof top of the car,

the solar panel witl be mounted for maximum exposure. The suggested glasses that

- can to be used for this system are sun shield or solar screening fabric glasses. These

glasses can work as insulator so that the temperature inside the car will keep cooling
even though the temperature outside is hot. This method of cooling is known as

passive cooling.
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4.4.2 System Operation and Comparison

NORMAL SYSTEM

Figure 27 : Normal system

The normal system will suck the outside air and blow inside the car when the intake
control level is set. Usually air intake is selected to save the energy instead of using
air conditioner and during the glass become fogged or the air inside the car becomes
stuffy. Some innovation has been made to the normal system to make the normal
system become more beneficial. There are two designs that have been suggested to be

implemented in the real system.

COOLING SYSTEM (1* design)

D) —C

— Nl

3=

Sucking Fan

7

Blowing fan

Figure 28 : First Design

For the first cooling system design; the air intake control lever is still selected so that
the outside air is introduced and the system will operate more efficiently. The cooling

system will operate during two conditions. The first condition is during parking
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(static) and the second condition is during the dar is moving. For the first condition,
the car is parked. All the windows and doors will be closed and the temperature inside
the car started increasing. I the cooling system is set 32°C to activate, the blowing
fan and the sucking fan will turn on. The outside air will be sucked in by the blowing
fan and it will blow inside the car, The second fan which is the sucking fan will suck
the hot air inside the car ont. As for second condition, the system operates during the
car is moving. In order to save energy and cost, the windows will open by the
passenger and air conditioning is turning off. The warm or hot air will go inside the
car. If the temperature inside the car has reaching the temperature of the system has
set, the both fans will turn on. This will provide more cooling to the passenger and
energy saving because the system is straight away energize from solar. Basically that
is how the ventifation inside the car operates to provide cooling. Sun shield or solar
screening glasses are use to reflect the sunlight so that the system will not operate at
maximum efficiency and less energy consumption. It also will increase the cooling

temperature inside the car.

COOLING SYSTEM (2™ design)

Blowing fan

S =¢,

“H

O—
-ﬁv\

Figure 29 :Second Design Sucking Fan

Another design that can be used in the system is shown as in the figure 29. The
operation of the cooling system is still the same. Blowing fan has been located on the
top of the roof in the car. The reason of putting the fan at the top of the roof is
because the hot air is lighter than the cold air. The blowing fan will blow the hot air to

the bottom of the car and the hot air will be suck out by the sucking fan.
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4.4.3  Analysis

An analysis need to be done to the system so that it can be applied to the real
application. The analysis is basically to calculate the capacity of heat to be removed
and power that needed by a car to energize the fan. This calculation is important for
battery sizing and to determine the number of fans that are going to use. The capacity
of the heat to be removed and power needed are depending on the car size. There are
two types of car that has been studied. The first car that had been reviewed from
Owner’s Manual proton on the specification is Proton Wira 1.3 Lxi 4 door. From the
specifications, the volume of a car is obtained. The volume is calculated in order to

determine on how much power can be injected into the car in order to cool down the

car.
Item/ Model Proton Wira 1.3 GL
Interior Length (m) 1.825
Interior Width (m) o 1400
Interior Height (m) 1.160

Table 6 : Proton Wira 1.3 Lxi 4 door specification

The volume inside Wira is:

V - l Wk h (1.0)
By using Matlab:
>>1.825* 1.400 * 1.160
ans = 2.996

The approximate volume is = 2.996m’

— P —
Interior Height

A3

Interior Length = ] I
H =
e y Interior Width

=i 1\ 0= WA 20,

| i Ll

Figure 30 : Interior Height, Length and Width for Wira
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The second car that has been reviewed on the specification is Perodua Kancil model

660EX, 660EX and 850EZi. From here the volume inside the car can be calculated:

1tem/ Model Perodua Kancil 660EX, 660EX,850EZi
Interior Length (mm) 1710
Interior Width (mm) 1185
Interior Height {mm) 1170

Table 7 : Perodua Kancil model 660EX, 660EX and 850EZi specification

The volume inside Perodua Kancil is:

V = l *W*h (2.0)
By using Matlab;
>>1.710 * 1,185 * 1.170
ans = 2.371

The approximate volume is ~ 2.371m’

Interior Length

Interior Width :ﬂX
/ =

Interior Height

Figure 31 : Interior Height, Length and Width for Kancil

The interior volumes of both cars are measured by neglecting the seats. After the
value of volumes for both cars are obtained, the mass flow rate of air inside the car
must be calculated. To achieve the velocity of hot air, the swept area for the hot air to
be removed or blow must be calculated first. The swept area is based on the fan
sizing. For a bigger car, the bigger fan or more fans are going to be used to provide
cooling. The value for the swept area in calculation below is only a suggested value

based on the fan measurement and calculation that is going to use inside the car. The
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fan swept area is caiculated by using circle formula, nr’. The theory on mass flow

rate is shown in the figure below.

Swept area

r = Density ._
A = Area P

Mass Flow Rate = Mass/ Time = m
m=rVA

Figure 32  : Mass Flow Rate theory

After the mass flow rate calculation is done, the calculation for heat quantity that

needs to be removed can be implemented. The calculated value of heat quantity is

then converted into power. From here, the amount of power required by a car to

provide cooling can be obtained. The formulas and examples of calculation that have

been use to calculate the approximate quantity of heat, mass and conversion of heat

quantity to power are presented in the next section.
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Quantity of heat

0, =m+C, *(T,~T,)

Q= Quantity of heat inside the car
m = Mass flow rate
C, = Specific Heat for air

T, = Temperature inside the car

T, - Temperature outside the car

Mass flow rate of air inside the car

m:pa*V*A

m = Mass flow rate
p = Density of air
V= Velocity of air

A = Swept area

Velocity of air

V %
A*t

V= Velocity of air

v = A volume of mass to be swept out

A = Swept area

t = Time of air flow rate

Power

Conversion of Q from Calorie to Watt

cal *4.18
cal = ————— = waqtt

60 * 60
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CALCULATIONS

Velocity of air

Wira

v=299%m’

A =2.545m’

t=1sec

By using Matlab:
>>2.996/(2.545* 1)

ans = 1.1772

The velocity, V =~ 1.1772m/sec

Kancil

v=237m’

A = 1.539m’

t=1sec

By using Matlab:
>>2.371/(1.539 * 1)

ans = 1.5406

The velocity, V = 1.5406m/sec

Next are the examples of calculations for mass flow rate, quantity of heat and power
which are ranges from 24°C — 28.5°C. The other calculation works are shown in

APPENDIX [-3. After calculations are done, several graphs are plotted.

Mass flow rate calculatious

Wira

V =1.1772m/sec

A =2.545m’

By using Matlab:

T; =24°C,

>> 11917 * 11772 % 2.545
ans = 3.5703

The mass flow rate is = 3.5703kg /sec
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Mass Flow Rite virsus Terporature o1 Wia

Figure 33

Kancil

V = 1.5406m/sec
A =1.539m’

By using Matlab:

Ti = 240(:,

>>1,1917* 1.5406 * 1.539

ans = 2.8255

: Mass Flow Rate versus Temperature for Wira

The mass flow rate is = 2.8255 kg /sec

Mags Flow Rato versud Tangserature for Kanell

i
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F

I
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Figure 34 : Mass Flow Rate versus Temperature for Kancil
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Quantity of heat

Wira

Ty =24°C

By using Matlab;
>>3.5703 * 1005.3423 * §
ans = 2.8715¢+004

Heat quantity that needs to be removed is: 28 715 cal

Lt . Hexl mmﬁywﬁs\'mpmmwrwua.
1 T

28

2 \\ ......

Haat Quantity
»~

. i
T = P ) =5 7 0
Tumpsraturs

Figure 35 : Heat Quantity versus Temperature for Wira

Kancil

Ty =24°C

By using Matlab:
>>2.8255 * 1005.3423 * 8
ans = 2.2725¢+004

Heat quantity that needs to be removed is: 22 725 cal
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By using Matlab:
>> {28715 * 4.18)/(60 * 60)
ans = 33.3413

The amount of power needed is: 33.3413 watt

Pawer varaus Teinperature mrvwé- :
T

i i

T AL U5 F= x5 26 x5 7 ns E) E.
- Tmparntum :

Figure 37 : Power versus Temperature for Wira

65




Kaneil

Ti=24°C

By using Matlab:

>> (22725 * 4.18)/(60 * 60)
ans = 26.3863

The amount of power needed is: 26.3863 watt

e Powar versus Temparature for Kancd *
Y
-1 1o SO SO SRR ST SN SR YR R
2%
P
-]
I I

I —
18
L) S NN SR SO :

~
L R T :
":1 L

A U5 F-3 %5 2% x5 r a5 A -
Temgeratura:

Figure 38 : Power versus Temperature for Kancil
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From the results that have been shown above, it can be conclude that the power are
going to be needed for Perodua Kancil is range from I1 W to 26 W and the power
that are going to be needed for Wira is range from 14 W to 33 W. The outside
temperature is fixed to 32°C because it is the normal room temperature nowadays and
this is where the system starts cooling. The temperatures inside the car are chosen
from 24°C to 28°C because this is where the temperature of cooling that is going to

be maintained.

From all the graphs that have been plotted above, it is shown that the relationship
between power and temperature are inverse relationship. This means that it more

cooling is needed inside the car, the more power that is going to be supplied.
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4.4.4  System Advantages

There are several advantages that can be obtained from the cooling system that has

been improvised. The advantages are:

I

The system will automatically operate as it reached the setting temperature
and also automatically oft if it is below than the sctting temperature. The
system also can manually off if the cooling temperature is sufficient.

The system can be used at both conditions; during the car is stop (parking) and
while the car is moving.

The battery that has been charge by the solar panel can be used for other
applications such as energizes the electronic devices instead providing
backups to the control unit.

The cooling system is energy saving and cost effective because solar energy
is directly supply to the circuit and charges the battery. The system can be

used everyday life.
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CHAPTER 5
CONCLUSION AND RECOMMENDATION

All of the work is successfully done within the timeframe. The theory and concept of
cooling system of a car has been studied. The system has been designed and a
working prototype is also constructed. The circuit designed is based on the
temperature difference and provides cooling to the car as the sensor sense the
temperature changes. The study on battéry charger is also important so that it will
provide a sufficient supply if the solar panel supply is not affordable. The system is
energy and cost saving because it is using solar energy which is free from the sun and
can be used everyday life.

Génerélly this project is completed in two semesters. In the ‘ﬁrst éemester, the project
is more on gaining the ideas by studying the literature review, doing research and data
gathering. After all the data has been obtained and gathered, some calculation is done
before designing the system. As for second semester, the project is more focused o
designing, construction of the prototype, the circuit installation and analysis. This is
where all the theories and ideas are implemented. The project has enhanced the
student’s knowledge especially in solar energy and cooling system. The
implementation of this project has exposed the student in learning to design and

handle the circuit and car prototypes by using software or hardware tools.

As for recommendations, it is recommended that this system is applied to the real life
application. This is because the system is applicable and beneficial. In order to make
t