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Design of a Solar Dish Collector with the Tracking System

Petch Janbanjong 50011135

Rat Pinmas 50011293
Roongpansa Maneekhao 50011310
Wittaya Techacheewapong 50011459

ABSTRACT

Thailand receives average solar radiation of 722 Wi’ a day. Solar energy, therefore, is
very attractive to employ for many applications because it is free and clean energy. This project
aims to design and fabricate a solar dish collector with the tracking system. The solar collector is a
parabolic dish that concentrates the sunlight into a bean and focuses one hot spot which heat is
gathered for utilizing. The dish is adjusted and controlled in both polar and inclination axis. The
controller mechanism comprises the direct current motor to move the dish. The solar parabolic dish
has diameter and projective area of 1.5 m and 1.76 m’, respectively, providing approximate power
of 371 W. The tracking system is used to track the location of the sun by using global positioning
system (GPS) resulting in precision and reliability. In the proof of concept device, the prototype was
preliminary tested. The experimental set up was conducted. The parabolic dish surface is covered
with various reflective materials such as mirror, aluminumn foil and plexiglass. The preliminary
testing results show that plexiglass offered the highest temperature at the focal point of the dish of
385'C with suitable climate. According to the reflective material thickness which laminated on the
surface of the dish, the focal point is changed by 1.7 % from the theoretical design dish. The
prototype is being tested and developed. The future development including mechanical and
controlling devices will be conducted to verify the reliability of tracking the sun and effectiveness of

solar collector.

Key words: Solar Collector, Parabolic Dish, Tracking System
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CHAPTER 1

INTRODUCTION

1.1 Motivation

Nowadays, fuel and energy lacking problems become more and more severe. The solutions
of renewable energy and alternative energy have been presented gradually. Along with the
alternative energy technology, the new technology to support energy usage is growing widely. One
among those is the solar energy support technology. The most famous one is solar cells technology,
which converts sunlight to electricity. However, the most elementary energy used is in the heat
form, so the technology of converting solar energy to heat energy draws more and more attention

from the world.

The devices used to store solar energy in heat form called “Solar Collector” then, being
studied worldwide. Solar Collector is the device that absorbs solar radiation from the sun and then
converts to more usable and storable heat form. Solar collector has various different types such as
parabolic dish, solar trough and solar towers. Solar parabolic dish is being claimed as the most
effective type that concentrates sunlight at single focal point. Sunlight rays that comes to earth’s
surface are almost parallel, so almost all incoming radiation will be reflected to the focal point and
results in high temperature produce. Also, the application of parabolic dish is variety. One more
advantage of parabolic dish is that the losses occur are kept to minimal compare to other designs.
One main disadvantage of this type is the inability to convert diffused light; however, the tracking

systern can reduce severity of it.

In the past, development and invention of solar parabolic dish collector focused mainly on
the size and shape of the reflector. To study the previous design can give us the rough image of
parabolic dish function and optimum shape design of each size. However, with higher technology
available, solar collector with tracking system was developed. The tracking system most used is
tracking by sun path. The sun path will be input to the system, so by this method the collector will
be available to restricted areas. For the area that has different time zone from the original location,

the new function commands needed to be programmed.



This project will come up with the solution to this problem, the different type of tracking
system which tracks the sun by the light intensity or the trajectory of the sun. With this system the
availability of the device will be expanded and the complication of command function will be

minimized.

1.2 Literature Review

1.2.1 Brief History of Solar Collector Device

The device used to concentrate and focus the solar power density at a single point is called
“Solar Collector”. Based on the same principle of magnifying glass, the solar collector can condense
the sunlight at single focal point by using reflector material. Sunlight shining through the
magnifying glass concentrates at one small point, so does the sunlight incident hit the reflector
surface reflects and concentrates at small single point. The result of this natural phenomenon is the
dramatic temperature rise at the focus point. This method called “Concentrating Solar Power, CSP”
has been utilized by inventors for thousand years ago.
The first documented use of concentrated power comes from the great Greek scientist Archimedes
(287-212 B.C.). Stories of Archimedes repelling the invading Roman flect of Marcellus in 212 B.C.
by buming their ships with concentrated solar rays were told by Galen (A.D. 130-220). This is
considered the beginning of modem solar concentration. Solar concentrators then began being used
as furnaces in chemical and metallurgical experiments. They were preferred because of the high
temperatures they could reach without the need for any fuel. Further applications opened for
concentrated power when August Mouchot pioneered generating low-pressure steam to operate
steam engines between 1864 and 1878. Abel Pifre made one of his solar engines operate a printing
press in 1878 at the Paris Exhibition, but after extensive testing he declared the system too
expensive to be feasible. His press is shown in Figure i.1. Pifre’s and Mouchot's research began a

burst of growth for solar concentrators.
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black absorber located at the focus point of the reflector. On the absorber, the boiler is mounted to
produce steam from absorbed heat. The tracking system is also developed which operate manually.
Using the lever at the base of the parabolic dish, the reflector can be directed at the desire
orientation. The testing procedures are to conduct experiments for 3 entire days, collect the data
about ambient temperature and focus point temperature at each time of the day to find the maximum

temperature of the device.

One obvious drawback of this device is the lacking of accuracy of the system. The
manually operated tracking system seems to not accurate enough, since the magnitude of movement
has to be controlled by human force and aiso the interval of data collecting time is too rough. For
more accuracy of the device, the automatically operated tracking system is needed and also the data
collecting time interval should be shorten. Apart from one main disadvantage, this system has an
advantage of heat loss minimizing. By mounting the absorber with boiler at the focus point can

reduce the heat loss to an atmosphere.

—_ =

Figure 1.7: Joshua Folaranmi’s Representation of Solar Steam Generator



1.4 Project Goal

The generator set designed by Joshua Folanrami seems to be a reasonably good prototype
for the solar tracking system. In this project, however, the applications of the device are not the
focus point, In the project discussed here, it was decided to focus on power produced by solar heat
energy and solar tracking system and put aside the application purposes. Two different tracking
systems were presented here to compare and find the most efficient system. A goal of this project is
to produce the solar collector that can produce heat energy power up to 350 w and up to 200 °C
concentrated temperature with enhanced efficient tracking system.
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CHAPTER 2

BACKGROUND

2.1 Solar Spectrum and Principle of Solar Reflection

Solar Angles

Equation of Time: Difference between clock time and solar time due to the earth tilt angle
and the elliptical orbit of the earth around the sun. This is a curve fit and several other curve fits are
available

E =9.87sin2B -7.53 cos B - 1.55sin B

B =360° ( n-38) (1
364

Solar time from local time: Solar time is defined such that solar noon occurs when the sun is
highest overhead. Using solar time, each day is symmetrical about solar noon. The difference between
solar time and clock time are due to the local longitude relative to the standard longitude for the time
zone and the equation of time, Note that clock time is expressed as standard time, not including
daylight saving time.

= bt (Ly- L)+ Et___ 2
15 60

Solar hour angle : The sun travels 360° in 24 hours, or 15° per hour. The hour angle

translates solar time to the angle in the period or rotation.

W = 360(t,-12) (3

24
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Declination: The earth’s axis is tilted at 23.45° relative to the plane of orbit around the sun.
The tilt causes the sun to be high in the sky in the summer in the northern hemisphere and lower in the
sky in the winter. The total angle between the lowest point and the highest point is twice this angle, or
46.9°. The declination is defined to account for the variation in this solar plane over the course of the

year.

sin O = - sin 23.45° - 360 (n+10) @)
365.25

Zenith angle and altitude angle: The zenith angle is the angle from a vertical line to the

position of the sun. The altitude angle is the angle from the horizontal to the position of the sun.
cose,=sin[3s =cos A cos O cos @ +sin Asin

B,<9%0°-O )

Solar azimuth angle: Imagine placing a compass on the ground and facing the sun. The
azimuth angle is the angle between due south and the direction you are facing. It is negative when the
sun is east of south (moming) and positive when the sun is west of south (afternoon). Be careful of the
sign when using trigonometric functions. Notice that the first equation below can not differentiate
between azimuth angles of -10° and +10°, while the second equation can not differentiate between 80°
and 100°,

sin ¢ ,= cosOsin®

sin ©;

cos ¢ ,=cos O sin A cos () - sin § cos A (6

sin ©,
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Solar incidence angle: The solar incidence angle on any point on a surface is the angle
between the direction of the sun and the direction of the surface normnal.

oc:sei =sine,sinep cos( @ - ‘.'bl,)+cose,cosep ™

Sun’s rays

Meridian of plane of sun's rays

Meridian of P

Figure 2.1:; Three-dimensional view of the earth relative to the sun

for a point P on the earth’s surface

Figure 2.2: Cross sectional view of earth at solar noon for point P
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Solar Radiation Spectral Characteristics

Solar radiation is the source of energy for life on earth. Outside the earth’s atmosphere, the
energy flux is approximately 1373 W/mz, also known as the solar constant, distributed over a range of
electromagnetic wavelengths. Outside the atmosphere, this spectral distribution is approximately that of
a blackbody at a temperature of 5777 K. The spectral distribution and the effect of atmospheric
absorption are given in Figure 8. An air mass of unity represents the nominal thickness of the
atmosphere and implies that the
radiation is normal to the earth surface ([3, = 90° or 6, = 0°). When the radiation enters the atmosphere
at an angle, it travels a longer path through the atmosphere and experiences greater absorption and
scattering. Figure @ shows the effect of the air mass, or path length, on the spectral distribution. Notice
that shorter wavelengths are absorbed or scattered much more than longer wavelengths.

5 2250 T T T T Y T T Y T T T ) ma—

L 2000 Oa = 0.35 cm (NTP)

‘;'- 1750 w =2cm ]
- — Extraterrestrial C?ean Atmosphere, 8=0

g 15001 ~——- Rayloigh Attenuation /" Mass =1 -

-4

3

05 1.0 1.5 20 25 3.0 35 4.0
Wavelength, um

Figure 2.8; Spectral distribution of solar radiation
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1

a=13

g

2

Direct Normal Spectral Irradiance, W/m?2
8

-

L
0.5 1.0 1.5 20 25
Wavelength, um

o

Figure 2.9: Effect of air mass, or distance through the atmosphere

We will generally refer to three sources of solar radiation; direct or beam radiation is the
radiation directly from the solar disk, diffuse radiation comes from the rest of the sky dome, and
reflected radiation comes from reflection off the ground or other buildings. The spectral characteristics
also depend on the source of the radiation and are shown in Figure 10.

It is often convenient to divide the spectrum into three principal wavelength bands; ultraviolet (UV),
visible, and infrared (IR). Approximate wavelength ranges:

» UV: A<0.38 jim
« Visible: 0.38 [m < A <0.78 [im

* IR: A>0.78 llm

Solar Energy Quantities

While the spectral characteristics of solar radiation have a significant impact on the performance of
windows, we will generally perform energy and comfort calculations based on irradiance
mtegrated across over all wavelengths, That is, we will seek to calculate the solar radiation
through the window without regard for the particular wavelengths. The following equations are useful
for such calculations.

74448
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» Extraterrestrial Irradiance, solar radiation flux outside the earth’s atmosphere.
I,=( 1+0.033 cos 360n )x4352 Btw(hft’)

365.25

I,=( 1+0.033 cos 360n ) x 1373 W/m’ )
365.25

+ Irradiance on horizontal surface, also known as the global horizontal irradiance that accounts for
direct irradiance, modified by the cosine of the zenith angle, and the diffuse radiation from the sky.

Iglo = ldir cos Os+ Iaif (10)
1000 T T T T T
O3 =0.35 cm (NTP)
- w a=2cm 1
g =01
S0 Gilobal a =13 N
ay =1
~ P =02 1
500 Alr Mass = 2

2

Horizontal Spectred iradiance, W/m2 um

05 1.0 1.5 20 2.5
Wavelength, um

Figure 2.10: Spectral distribution of direct and diffuse radiation

Diffuse irradiance on horizontal surface. It is common to measure only the global horizontal
irradiance (e.g., at airports). The diffuse fraction has been correlated to the clearness index, &t.
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D is the diameter of the dish, d is the depth of the dish and f is the focal distance. The points (D/2,
d) and (-D/2,d) are on the parabola, hence d = (D2) / 4f Which gives a relationship between the D,
dand f

D2

T

The above formula helps in positioning the feed of the parabolic antennas as it gives the
focal distance f. Of course in practice the shape of the dish is not a perfect parabola and therefore
small adjustments are needed when positioning the feed.

Focal length = f
Focal point Depth=c
f Diameter =D
T
z L N f= D*
< D rd T 16xc

Figure 2.26: Focal Point of Parabola

Measure the depth using a tight fishing line across the dish and a rule to measure depth ¢.

If the /D ratio is low, say 0.25 to 0,35 then the feed will be close to the dish and needs to
spread its power at a wide angle to efficiently illurninate the dish. The feed therefore needs to be of
small diameter. If the /D is 0.25 the feed is level with the dish aperture, which may make it
difficult to make a satisfactory feed. If the /D is large like 0.5 to 0.75 then the feed will be further
away from the dish and needs to project its power into a narrower angle. The feed needs to be of

larger diameter,
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Balancing the solar energy in a solar collector we get the following result:

th:ngu+Qlw
Que=AxI Quot = Qgain + Quom
@\“’: Que = U x A x (Touta-Tams)
‘-,\)“ leln=(lprxI

:
*

Figure 2.29: Heat Balance on Collector Plate

Heat Balance

Heat Losses are related mainly to radiation and convection as shown in Picture 3. Moreover
because of the properties of the components of the collector (glass, plate, and insulation) we can
experience reflection losses, convection and radiation losses. In fact, the glass cover behaves nearly
as a black body for long-wave radiation. It let the short wave radiation from the sun to come inside
the tube collector, and traps inside the tube all reflected long wave radiations coming from the plate.

In this way we should take into account all these value in order to quantify the real efficiency of the

solar collector.
U = Admittance of the glass
Qs =U*4 *(T e = Tomrems ) A = Area of the collector
T plate = temperature over the plate

= *A*]
ngn 2 inside the evacuated solar collector

T ambient = ambient temperature

a, = factor of absorption of the plate
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Heat Losses and Heat Gains

Therefore the efficiency could be represented by the following equation:

O
Qlot

The previous equation for the efficiency could be expressed by:
= ap x U(Tplare - Tambiem )

Because of the coefficient of transmittance “¢ “of the glass and because of “a “(factor of

absorption of the plate) the previous equation is formulated by Hottel-Willier in the following way:

_ nap.l' X U(T imtial — T ambient)
7= F

Where “ni,,,” is called “optical efficiency” and it is indicated as “t +alpha,”

Where “T,,,.,"is the temperature entering in the plate at the initial stage (the

meaning is the same as 7,,,,)
Collector Design: Calculation
Design Factor
(i) The average solar radiation energy in Thailand = 18.2 MJ/mz-day =722 Wim’
(ii) The minimum power output desired = 300 W
(iii) Typical thermal efficiency of the solar collector = 30 - 40% = 216.6 - 288.8 W/m®
(ii1)The required collector diameter = 1.15-1.22 m

(iv) The available collector diameter size in the market =0.75m, 0.9 m, 1.2 mand 1.5 m
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Design Value

*  The expected efficiency of the device = 30% = 216.6 W/m’
*  The required projection area = 1.38 m’
»  The collector diameter = 1,22 m

*  The available diameter size of collector = 1.5 m
(1)Find the focus (f) of parabolic dish reflector
“f=(D)/(16 *C} = (1.5)/ (16%0.25) = 0.57 m
(ii) The focus to diameter ratio = 0.57/1.5 = 0.38

2.4 Tracking System

Tracking System

Tracking system is an electro-mechanical system that is used to control the solar collector
and direct it to the sun. Generally, the tracker will minimize the angle of incidence between the
incoming light and the solar collector surfaces. This operation can increase the heat received by the
fixed solar collector. Because, if we can fix the angle of incidence to the optimum value all the time,

the heat received by the collector will be optimum too.

There are two types of widely used tracking system: 1. Single-axis tracker and 2, Double-

axis tracker
1. Single Axis Trackers

Single axis trackers have one degree of freedom that acts as an axis of rotation. The axis of
rotation of single axis trackers is typically aligned along a true North meridian. It is possible to align

them in any cardinal direction with advanced tracking algorithms.

There are several common implementations of single axis trackers. These include

Horizontal Single Axis Trackers, Vertical Single Axis Trackers, and Tilted Single Axis Trackers.
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The orientation of the module with respect to the tracker axis is important when modeling

performance.
2. Dual Axis Trackers

Dual axis trackers have two degrees of freedom that act as axes of rotation. These axes are
typically normal to one another. The axis that is fixed with respect to the ground can be considered a
primary axis. The axis that is referenced to the primary axis can be considered a secondary axis.

There are several common implementations of dual axis trackers. They are classified by the
orientation of their primary axes with respect to the ground. Two common implementations are Tip

- Tilt trackers and Azimuth- Attitude trackers.

The orientation of the module with respect to the tracker axis is important when modelling
performance. Dual Axis Trackers typically have modules oriented parallel to the secondary axis of

rotation.

Tracker Type Selection

The selection of tracker type is dependent on many factors including installation size,

electric rates, government incentives, land constraints, latitude, and local weather.

Horizonta! single axis trackers are typically used for large distributed generation projects
and utility scale projects. The combination of energy improvement and lower product cost and

lower installation complexity results in compelling economics in large deployments.

Vertical axis trackers with fixed or (seasonably) adjustable angles are suitable for high
latitudes, where the apparent solar path is not especially high, but which leads to long days in

summer, with the sun traveling through a long arc.

Dual axis trackers are typically used in smaller residential installations and locations with

very high government Feed in Tariffs.
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Categorize the tracker by driving type
Active tracker

Active trackers use motors and gear trains to direct the tracker as commanded by a

controller responding to the solar direction.

Since the motors consume energy, one wants to use them only as necessary. So instead of a
continuous motion, the heliostat is moved in discrete steps. Also, if the light is below some
threshold there would not be enough power generated to warrant reorientation. This is also true
when there is not enough difference in light level from one direction to another, such as when
clouds are passing overhead. Consideration must be made to keep the tracker from wasting energy

during cloudy periods.
Passive tracker

Passive trackers us¢ a low boiling point compressed gas fluid that is driven to one side or
the other (by solar heat creating gas pressure) to cause the tracker to move in response to an

imbalance.
Chronological Tracker

A chronological tracker counteracts the Earth's rotation by turning at an equal rate as the
earth, but in the opposite direction. Actually the rates aren't quite equal, because as the earth goes
around the sun, the position of the sun changes with respect to the earth by 360° every year or
365.24 days. A chronological tracker is a very simple yet potentially a very accurate solar tracker
specifically for use with a polar mount. The drive method may be as simple as a gear motor that
rotates at a very slow average rate of one revolution per day (15 degrees per hour). Alternatively, an
electronic coniroller may be used, with a real time clock that is used to infer the "solar time" (hour

angle). Tracking adjustments can be made periodically or continuously.

Tracking System Compositions

Mainly, tracking system consists of 4 important parts: 1. Absolute Encoders, 2. Controllers,
3. DC Motor, 4 Moving Mechanism, 5. GPS Tracker and 6. Power Supply
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Electrical Motors

Electrical Motors are continuous actuators that convert electrical energy into a rotational
type movement, although linear motors are also available. There are basically three types of
conventional electrical motor available: AC type Motors, DC type Motors and Stepper Motors. AC
Motors are generally used in high power single or multi-phase industrial applications were a
constant rotational torque and speed is required to control large loads. In this tutorial on motors we
will look only at simple light duty DC Motors and Stepper Motors which are used in many

electronics, positional control, microprocessor, PIC and robotic circuits and systems.

The DC Motor

The DC Motor or Direct Current Motor is the most commonly used actuator for producing
continuous movement and whose speed of rotation can easily be controlled, making them ideal for
use in applications where speed control, servo type control, and/or positioning is required. There are

basically 3 types of DC Motor:

Brushed Motor - This type of motor produces a magnetic field in a wound rotor by
passing an electrical current through a commutator and carbon brush assembly, hence the term
"Brushed". The stators magnetic field is produced by using either a wound stator field winding
or by permanent magnets. Generally brushed DC motors are cheap, small and easily
controlled,

Brushless Motor - This type of motor produce a magnetic field in the rotor by using
permanent magnets attached to it and commutation is achieved electronically. They are
generally smaller but more expensive than conventional brushed type DC motors because they
use "Hall effect" switches in the stator to produce the required stator field rotational sequence
but they have better torque/speed characteristics, are more efficient and have a longer
operating life than equivalent brushed types.

Servo Motor - This type of motor is basically a brushed DC motor with some form of
positional feedback control connected to the rotor shaft. They are connected to and controlled
by a PWM type controller and are mainly used in positional control systems and radio

controlled models.
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DC motors have almost linear characteristics with their speed of rotation being determined by the
applied DC voltage and their output torque being determined by the current flowing through the
motor windings. The speed of rotation of any DC motor can be varied from a few revolutions per
minute (rpm) to many thousands of revolutions per minute making them suitable for electronic,

automotive or robotic applications. By connecting them to gearboxes or gear-trains their output

speed can be decreased while at the same time increasing the torque output of the motor.

Absolute rotary encoder

Absolute digital type produces a unique digital code for each distinct angle of the shaft.
They come in two basic types: optical and mechanical.

Mechanical absolute encoders

A metal disc containing a sct of concentric rings of openings is fixed to an insulating disc,
which is rigidly fixed to the shaft. A row of sliding contacts is fixed to a stationary object so that
each contact wipes against the metal disc at a different distance from the shaft. As the disc rotates
with the shaft, some of the contacts touch metal, while others fall in the gaps where the metal has
been cuf out. The metal sheet is connected to a source of electric current, and each contact is
connected to a separate electrical sensor. The metal pattern is designed so that each possible
position of the axle creates a unique binary code in which some of the contacts are connected to the

current source (i.e., switched on) and others are not (i.e. switched off).

Optical absolute encoders

The optical encoder's disc is made of glass or plastic with transparent and opaque areas. A
light source and photo detector array reads the optical pattern that results from the disc's position at

any one time.

This code can be read by a controlling device, such as a microprocessor or microcontroller

to determine the angle of the shaft.

The absclute analog type produces a unique dual analog code that can be translated into an
absolute angle of the shaft (by using a special algorithm).
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Worm Gear set

Worm gears resemble screws. A worm gear is usually meshed with an ordinary looking,

disk-shaped gear, which is called the gear, wheel, or worm wheel.

Worm-and-gear sets are a simple and compact way to achieve a high torque, low speed gear
ratio. For example, helical gears are normally limited to gear ratios of less than 10:1 while worm-
and-gear sets vary from 10:1 to 500:1. A disadvantage is the potential for considerable sliding

action, leading to low efficiency.

Worm gears can be considered a species of helical gear, but its helix angle is usually
somewhat large (close to 90 degrees) and its body is usually fairly long in the axial direction; and it
is these attributes which give it its screw like qualities. The distinction between a worm and a
helical gear is made when at least one tooth persists for a full rotation around the helix. If this
occurs, it is a 'worm'; if not, it is a 'helical gear'. A worm may have as few as one tooth. If that tooth
persists for several turns around the helix, the worm will appear, superficially, to have more than
one tooth, but what one in fact sees is the same tooth reappearing at intervals along the length of the
worm. The usual screw nomenclature applies: a one-toothed worm is called single thread or single
start; 2 worm with more than one tooth is called multiple thread or multiple start. The helix angle of
a worm is not usually specified. Instead, the lead angle, which is equal to 90 degrees minus the helix

angle, is given.

In a worm-and-gear sct, the worm can always drive the gear. However, if the gear atternpts
to drive the worm, it may or may not succeed. Particularly if the lead angle is small, the gear's teeth
may simply lock against the worm's teeth, because the force component circumferential to the worm
is not sufficient to overcome friction. Worm-and-gear sets that do lock are called self locking, which
can be used to advantage, as for instance when it is desired to set the position of a mechanism by
turning the worm and then have the mechanism hold that position. An example is the machine head

found on some types of stringed instruments.

If the gear in a worm-and-gear set is an ordinary helical gear only a single point of contact
will be achieved, If medium to high power transmission is desired, the tooth shape of the gear is
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modified to achieve more intimate contact by making both gears partially envelop each other. This
is done by making both concave and joining them at a saddle point; this is called a cone-drive.

Worm gears can be right or left-handed following the long established practice for screw
threads.

GPS tracking unit

A GPS tracking unit is a device that uses the Global Positioning System to determine the
precise location of a vehicle, person, or other asset to which it is attached and to record the position
of the asset at regular intervals. The recorded location data can be stored within the tracking unit, or
it may be transmitted to a central location data base, or internet-connected computer, using a cellular
(GPRS or SMS), radio, or satellite modem embedded in the unit. This allows the asset's location to
be displayed against a map backdrop either in real time or when analysing the track later, using GPS
tracking software

Types of GPS trackers

Data Loggers

A GPS logger simply logs the position of the device at regular intervals in its internal
memory. Modern GPS loggers have either a memory card slot, or internal flash memory and 2 USB
port. Some act as a USB flash drive. This allows downloading of the track log data for further
analyzing in a computer. The tracklist or point of interest list may be in GPX, KML, NMEA or

other format,

Most digital cameras save the time a photo was taken. Provided the camera clock was
reasonably accurate, or the GP'S was used as a time source, this time can be correlated with GPS log

data, to provide an accurate location. This can be added to the Exif metadata in the picture file, thus

geotagging it.

In some Private Investigation cases, these data loggers are used to keep track of the vehicle
or the fleet vehicle. The reason for using this device is so that a PI will not have to follow the target

so closely and always has a backup source of data.
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Data pushers

Data pusher is the most common type of GPS tracking unit, used for asset tracking,
personal tracking and Vehicle tracking system.

Also known as a GPS beacon, this kind of device pushes (i.e. "sends") the position of the
device as well as other information like speed or altitude at regular intervals, to a determined server,

that can store and instantly analyze the data.

A GPS receiver and a mobile phone sit side-by-side in the same box, powered by the same
battery. At regular intervals, the phone sends a text message via SMS or GPRS, containing the data
from the GPS receiver. Newer GPS-integrated smartphones running GPS tracking software can turn
the phone into a data pusher (or logger) device; as of 2009 open source and proprietary applications
are available for common Java ME enabled phones, iPhone , Android, Windows Mobile, and

Symbian,

Most of the modermn GPS trackers provide data "push" technology, enabling sophisticated
GPS fracking in business environments, specifically organizations that employ a mobile workforce,
such as a commercial fleet. Typical GPS tracking systems used in commercial fleets have two core
parts: location hardware (or tracking device) and tracking software. This combination is often
referred to as an Automatic Vehicle Location system. The tracking device is most often hardwire
installed in the vehicle; connected to the CAN-bus, Ignition system switch, battery. It allows
collection of extra data, which later get transferred to the tracking server, where it is available for
viewing, in most cases via a website accessed over the internet, where fleet activity can be viewed

live or historically using digital maps and reports.

GPS tracking systems used in commercial fleets are often configured to transmit location
and tefemetry input data at a set update rate or when an event (door open/close, auxiliary equipment
on/off, geofence border cross) triggers the unit to transmit data, Live GPS Tracking used in
commercial fleets, generally refers to systems which update regularly at 1 minute, 2 minute or 5
minute intervals, whilst the ignition status is on. Some tracking systems combine timed updates with

heading change triggered updates
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DC Battery

There are two types of batteries: primary batteries (disposable batteries), which are
designed to be used once and discarded, and secondary batteries (rechargeable batteries), which are
designed to be recharged and used multiple times. Miniature cells are used to power devices such as
hearing aids and wristwatches; larger batteries provide standby power for telephone exchanges or
computer data centers. A battery is a device that converts chemical energy directly to electrical
energy. It consists of a number of voltaic cells; each voltaic cell consists of two half cells connected
in series by a conductive electrolyte containing anions and cations. One half-cell includes
¢lectrolyte and the electrode to which anions (negatively charged ions) migrate, i.e., the anode or
negative electrode; the other half-cell includes electrolyte and the electrode to which cations
(positively charged ions) migrate, i.e., the cathode or positive electrode. In the redox reaction that
powers the battery, reduction (addition of clectrons) occurs to cations at the cathode, while
oxidation (removal of electrons) occurs to anions at the anode. The electrodes do not touch each
other but are electrically connected by the electrolyte. Some cells use two half-cells with different
electrolytes. A separator between half cells allows ions to flow, but prevents mixing of the

electrolytes.

Principles of Operation

Each half cell has an electromotive force (or emf), determined by its ability to drive electric
current from the interior to the exterior of the cell, The net emf of the cell is the difference between
the emfs of its half-cells, as first recognized by Volta. Therefore, if the electrodes have emfs & land
62, then the net emf is 82 - El; in other words, the net emf is the difference between the
reduction potentials of the half-reactions.

The electrical driving force or AVI;at across the terminals of a cell is known as the
terminal voltage (difference) and is measured in volts. The terminal voltage of a cell that is neither
charging nor discharging is called the open-circuit voltage and equals the emf of the cell. Because of
internal resistance, the terminal voltage of a cell that is discharging is smaller in magnitude than the
open-circuit voltage and the terminal voltage of a cell that is charging exceeds the open-circuit
voltage. An ideal cell has negligible internal resistance, so it would maintain a constant terminal

voltage of Euntil exhausted, then dropping to zero, If such a cell maintained 1.5 volts and stored a
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charge of one coulomb then on complete discharge it would perform 1.5 joule of work .In actual
cells, the internal resistance increases under discharge and the open circuit voltage also decreases
under discharge. If the voltage and resistance are plotted against time, the resulting graphs typically
are a curve; the shape of the curve varies according to the chemistry and internal arrangement

employed.

As stated above, the voltage developed across a cell's terminals depends on the energy
release of the chemical reactions of its electrodes and electrolyte. Alkaline and carbon-zinc cells
have different chemistries but approximately the same emf of 1.5 volts; likewise NiCd and NiMH
cells have different chemistries, but approximately the same emf of 1.2 volts. On the other hand the
high electrochemical potential changes in the reactions of lithium compounds give lithium cells

emfs of 3 volts or more.
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Objective:

The objective of this experiment is to investigate how a solar collector and solar tracking
system are working and how to calculate its efficiency curve using a series of records taken during
the experiment. Obviously the experiments will be held outdoors in real environment where natural
light is available. The Ambient temperature is considered the one of the factor. These
approximations, together with other factors (like for example uncontrolled heat losses and wind

flow) allow us in any case to understand the system.
Equipment:

1. Thermocouple or thermometer — For collecting temperature value at the collector surface,

ambient temperature and also at the absorber.

2. Position sensors — For locating the position of the collector after it has been driven to the desired

position according to the sun.

3. Pyranometer — For measuring direct and indirect solar radiation.
4. Parabolic dish collector

5. Tracking system and mechanism

6. GPS — For specifying the real coordinate of the experiments place and calculating the sun

position

7. Computer — For collecting test results, calculating sun position and also operating the

microcontroller

Desired values

1, Temperature of the absorber and collector
2. Power that can be produced by collector
3. Accuracy of the tracking system

4. Efficiency of the device
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Table 2: Concentrated Temperarture at 11,30AM.

Material Temp.
Foil 55
Mirror 54
Aluminum 64
Table 3: Concentrated Temperature at 12.00 PM

Material Temp.
Foil 62
Mirror 62
Aluminum 78
Table 4: Concentrated Temperature at 12.30 PM

Material Temp.
Foil 67
Mirror 78
Aluminum 150
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Table 5: Focal length experimental results on 15 December 2010

Time Focus (cm)
11.00 AM 57
12.00 PM 58
13.00 PM 56

Table 6: Focal length experimental results on 16 December 2010

Time Focus (cm)
11.00 AM 56
12.00 PM 58
13.00 PM 57

Table 7: Focal length experimental results on 17 December 2010

Time Focus (¢cm)
11,00 AM 59
12.00 PM 59
13.00 PM 60

From the results, the focus points were varied from 56 cm ~ 60 cm. Compare to the
theoretical focal point of 57 cm, it can be conctuded that the geometrical shape of the collector was
perfectly parabolic shape. And the reflective surface of the collector seemed smooth enough.

4.3 Focal Point Location Test

The focal point location test can be done simply by putting a paper rod through the center
hole of the collector and let the collector receive the sunlight. After a short time period, smoke
started to appear on the paper rod and then the paper rod finally burned. The focal point location in
this case, was simply the point that smoke started to occur and burn. This method is easy and simply

but offers low precision. For more precise result, the temperatures at the different regions on the
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Q,=0.05kgx 4.187 ki/kg K x (373-315) K
=12.14kJ
Power used in sensible process, P, = Q, /t
P,=12.14kJ/348s=35W

The result was that the power output the device can generate was about 302 W. Compare to
the expected value of 300 W, it can be concluded that the device works properly and yield the
satisfying results.

However, the efficiency of the device cannot be determined because in the efficiency
calculation, the power input is needed. The power input to the collector value can be recorded by
using device called “Pyranometer” that can measure the solar intensity on the object. This
measurement device has high cost, about 100,000 baht each, and at KMITL has none of this device
then we had to decide to leave the power input information and test the performance of the collector

by its various applications instead.
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CHAPTER 5

CONCLUSION

5.1 Conclusions

The parabolic dish solar collector with tracking system is the device to absorb solar
energy in heat form and utilize it by further application. The movement of the reflector will
correspond with the sun position and then optimize the incident solar radiation. The collector size is
1.5 m in diameter and 0.25 m in depth provides 1.71 m’ and 0.57 m focal length. The focus-to-
diameter ratio of the collector is 0.38. The target power output is 300 W from the collector. From
Thailand daily average solar intensity, 722 W/m’, the size of collector can be determined as
mentioned earlier. The most effective reflective surface material is aluminum. The reflective
surface smooth coated can provide the perfectly parabola characteristics of the collector and gives
the close to theoretical value of focal distance. The tracking system chosen is dual axis type to
provide the movement of collector in both altitude and azimuth angle direction. The collector is
driven by the direct current motors in each direction separately. To operate the device, the input
values of latitude, longitude and time have to be generated by GPS tracker so that the device can
operate automatically in every location. From the experiments, the focal length of the device was
0.56 m which differed 1.7% from the theoretical value and can be concluded that the collector
showed the good reflection characteristic. The maximum temperature that the device without
tracking system can generate is up to 385 degree Celsius, in a cloudy day. With the tracking system
the device can provide the highest temperature of 560 degree Celsius, The device can provide the
power output of 302 W, measured by the water boiling method. The power output then, meets the
expectation of the project. The major problem of this project is the weather condition that influences
the experimental results. Windy and cloudy weather condition affects the results and lowers the
device efficiency. The successive experiments are needed for more consistent results. Another
major problem is the lacking of instruments. The power input to the device needs to be measured by
pyranometer which has high cost. Another method of device evaluation is needed which in this case,
by various application of the device, The Stirling engine can be¢ used for the device application, and
from the experiments, the engine can work well when it used this solar collector as a heat source.

Another application is water boilng. ‘By: this application, the power output can be calculated and
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from the experiments yielded the power output of 302 W as stated earlier. So it can be concluded
that the device operate properly and offer the satisfying results, Future development including
mechanical and controlling devices will be conducted to verify the reliability of tracking the sun and

effectiveness of solar collector.

5.2 Problem Issues

The major problems encountered in this project are:

1. The weather condition problem: On the cloudy and windy day, the results on the experiments
were severely affected because the cloud blocked sunlight and the wind lowered the concentration

temperature and caused heat convection to occur. The result was lower in efficiency and power

output.

Solution: The successive experiments are needed for more consistent results and retiability

2. Material quality problem: Low quality of structure material can lower the device reliability and
durability. With lacking of structural strength, the device was shaked when the wind blew and then

resulted in fluctuating experimental results.
Solution: Higher quality of structure material is needed with better design in structure.

3. Unavailability of instrument: Pyranometer was needed to measure the power input for efficiency

calculation.

Solution: Use the application test instead.

5.3 Recommendations

Base on the experience of present research, recommendations for further study are as :

1. Better structure design for the device: The truss structure of the frame can give more strength to

the device.

2. Another type of controlling device and system: The controlling system can be changed to the type
that can store the memory or programming code so that the device can work automatically without

connecting to computer.
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APPENDIX

Table 9: Temperature Concentration Results on 14 February 2011 — 17 February 2011

14 February 2011 16 February 2011 17 February 2011
Time(br.) | Temperature(’C) | Time(hr.) | Temperature("C) | Time(hr.) | Temperature("C)

1015 57 10.15 55 1015 33
1025 102 10.25 134 1025 38
1035 152 10.35 188 1035 182
10.45 189 10.45 235 1045 239
10.55 213 1055 279 10.55 300
11.05 230 11.05 345 105 | 297
1115 267 11.15 a2 1115 353
11.25 285 1125 178 11.25 380
11.35 306 11.35 120 1135 415
11.45 304 11.45 180 11.45 461
11.55 287 11.55 303 11.55 481
12.05 255 12.05 250 12.05 501
12.15 261 12.15 32 12.15 438
12.25 350 12.25 215 12.25 488
12.35 385 12.35 340 12.35 468
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12.45 341 12.45 440 12.45 500
12.55 322 12.55 489 12.55 475
13.05 331 13.05 537 13.05 365
13.15 344 13.15 560 13.15 388
13.25 310 13.25 596 13.25 458
1335 284 13.35 550 13.35 160
13.45 241 13.45 452 13.45 276
13.55 220 13.55 360 13.55 300
14.05 188 14.05 348 14.05 270
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