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ABSTRACT

The present project is concerned with the design and construction for a heat exchanger to
be used in the focal point of a solar parabolic dish collector. The main aim of the project is to use
solar radiation that will shine on the solar parabolic dish to heat the working fluid (such as water)
to generate hot water or steam. Among the many application this system can be used are heating
processes, generating electricity and absorption chillers. The project utilized a solar parabolic
dish which was covered with Aluminum foil which is a good reflective material and the heat
exchanger is made up of copper because copper is a good conductor of heat. After the design and

manufacturing of the system, the experiment was carried out during fall season on two separate

days which had a solar intensity reaching a maximum of 1152.59 Wim?  goth the inlet and
outlet of the heat exchanger was measured with a K-type thermocouple. The experiment was
performed at a constant flow rate of 0.4L/min for the flowing water and it was checked at
intervals of Sminutes and the temperature increases from 17 C 1o about 69 C in 30

minutes.
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NOMENCLATURE

A,:aperturearea m* )

1 2
A. :absorber area

| )
C: concentration ratio
C,, :specific heat capacity of water at constant pressure (J/kg.k)
D, :aper ture diameter (m)
F ,: heat removal factor
F :focallength (p)
I,:beamradiation \, m’ )
I,,:longterm average direct radiation (W/ m’ )
h: height of the dish (m)

1, :rate of heating water (kg/s)

61z rate of energy absorbed by the absorber
P (W)

Q :useful thermal energy deliverd — (\y)
T, :temperature of heat transfer fluid entering the collector ( °C

T, :temperature of heat transfer fluid leaving the collector ( °C

T ,:ambient temperature ( °C )



T ,:temperature of water ( °C )

t:timeissecond (q)
t :thickness of absorber wall (m)

U, :overall heat loss coefficient (W/m2K)
V., :volumeof water (| )

I]:instaneous thermal efficiency ( ) /

Y ..:rimangle

I],: optical efficiency ()
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CHAPTER 1

INTRODUCTION

1.1 Background

Solar energy is for sure the most ancient source of energy since the beginning of time. It
is the radiant light and heat energy emitted by the sun and harnessed using a wide range of new
evolving technologies. It is of a truth an important source of renewable energy and its related
technologies are widely characterized as either passive solar or active solar depending on the
way the energy is being captured, distributed or converted into solar power. For the past

centuries, solar energy has been increasingly used to either to produce electricity or to satisfy

8
various human wants. The distance between the earth and the sun is about 1.496%10"km yet

the earth receives 175000 terawatts (TW) of incoming solar radiation at the upper part of the
atmosphere despite the distance apart from the sun [2]. Roughly 30% of this radiation is reflected
back to space while the remaining is absorbed by land masses, clouds and oceans [2]. The energy
absorbed by land masses and oceans keeps the surface at a mean temperature of 17°C. Through
photosynthesis, green plants metamorphose solar energy into chemical energy which produces
food, biomas from which fossils fuels are derived and woods. Without the energy from the sun
all life on earth will end. A simple example of the power of the sun can be seen by using a
magnifying glass to focus the sun rays on a small amount of water. Before long the water begins
to heat. This is one way of using the suns energy but it is not efficient enough to boil water
unless by applications of many numbers of magnifying glasses. A more practical and reliable

way is by using a solar parabolic dish collector.

Solar parabolic dish collectors are the most powerful type of collectors because they are
one of the concentrated solar thermal collectors used for energy conversion and power generation
by concentrating sunlight radiation at a single point known as the Focal point. Parabolic dish
systems comprises of a parabolic shaped point focus concentrator that is in the form of a dish
that reflects sun rays onto a receiver (heat exchanger or generator) stationed on the focal point
where all energy is concentrated. In order to avoid confusion of the phraseology, the term

collector will be applied to the total system, including the receiver and the concentrator. The



receiver is an element of the system where the heat radiation is absorbed and then converted to
another form of energy; it includes the absorber, its associated covers and insulators. The
concentrator, or optical system, is that part of the collector that directs radiation onto the receiver.
The opening of the concentrator is the gap through which the solar radiation enters the

concentrator.
1.2 Problem definition

As stated above, the aim of this project is to design a heat exchanger which will function
as a medium to heat water into steam. However, there seems to be a problem in the design of this
project. The related problem is to design and construct a small and light weight heat exchanger at
the focus of the parabolic dish collector. This is because the total area of all the concentrated
energy from the sun to the focus is not so large and as a result the concentrated energies at the

focus will not completely encompass the heat exchanger.

1.3 Objective of project

The ultimate purpose of this research is to design and construct a small and concise heat
exchanger for a solar parabolic dish concentrator that heats fluid (such as water) to a high

temperature at a high flow rate



1.4 Limitations and span

In as much as solar energy is beneficial to this project there are also related limitations,
notwithstanding the fact that they are not so plentiful. The initial cost of purchasing and
installing solar parabolic dish collectors always become the first disadvantage. Despite the fact
that allocation programs, tax initiatives and rebate incentives are given by the government to
promote the use of parabolic collectors we are still way behind in making full and efficient use of
solar energy. As new technologies show up, the cost of parabolic collectors is likely to decrease.
Implementing this project on a full scale in rural areas will require more than just one parabolic
dish collector. As a matter of fact, multiple parabolic dish collectors will bring about more
electricity but at the same time it will require large land mass region to mount the dishes
(installation area) which can be a bit costly. Location of parabolic collectors is of a major
importance in generating electricity, areas which remains mostly cloudy and foggy will produce
electricity but at a reduced rate and this may also be a reason to install more parabolic collectors

to generate enough electricity.

Availability of the sun is usually not constant for 24hours here on earth therefore solar energy
proves to be useless during the night and another limitation is the fact of tracking the sun during

the day in order to get optimum heat radiation.

This project will deliberate about the topic of solar parabolic dish collector by first giving
information of other research work done on the subject-literature review, afterwards explaining
the methodology, design manufacturing, calculation and then ends with a conclusion and

discussion.
1.5 Report organization

The Chapter 2 of this report will discuss the literature review of the previous studies done
by the past scientist. The Chapter 3 will contain the design analysis of the system such as
equations. The Chapter 4 and 5 will elaborate on the manufacturing, assembly, testing, results
and discussion, and also the design improvement. Chapter 6 focuses on the conclusion and future

work as regards to the project while the references and appendices comes after



CHAPTER 2
LITERATURE REVIEW

2.1 Information

The use of solar energy is not widely spread until the 18" century where it is been used
for many applications like solar water heater, burning mirrors to light torches, renewable energy,
generating electricity. A solar parabolic dish collector is used to gather together rays from the
sunlight. The shape of the device is parabola because the sun rays falling on the dish are parallel
to one another and the parabolic dish will reflect the rays back at a focal point. This will only
happen if and only if there is a reflector on the dish, like glass or aluminum plate. Meanwhile,
losses reflected sun rays in any solar parabolic dish collector are due to imperfections of the dish
shape. The glass and aluminum are both materials that have the ability to reflect sun rays just
because of the way they gloom. At the focal point where the light rays are been concentrated is
been used for some things like putting a heat exchanger for boiling water, cooking pot for

cooking food or a turbine for generating electricity.

2.2 Previous researches

The second research titled Heat Exchanger Market by Type (Shell & Tube, Plate &
Frame, Air Cooled, Printed Circuit), by Application (Chemical, Petrochemical, Oil & Gas,
HVACR, Food & Beverage, Pulp & Paper, Power Generation), Classifications (MoC,
Temperature Range & Fluid Type) and Geography, Trends & Forecast to 2019 says European
region is the biggest market of heat exchangers, accounting for more than one-third of the total
heat exchangers demand [3]. Currently, Europe acquires more than 30.0% of the total global
market. Heat exchanger consumption in the region is estimated to grow at a CAGR of around
4.81% from 2014 to 2019. There is a lot of scope in the Asia-Pacific heat_exchanger_market due
to the surging demand for energy in the region. With the emerging technological developments
and innovations in the region, the demand for heat exchangers may further augment at a higher

pace. It is estimated to grow at a CAGR of 10.70% for the next five years [3].


http://www.rnrmarketresearch.com/heat-exchanger-market-by-types-shell-tube-plate-frame-air-cooled-by-applications-chemical-petrochemical-oil-gas-hvac-refrigeration-classifications-moc-temperature-range-fluid-ty-market-report.html

2.3 Solar energy one power plant 1913

The Concentrated Solar Power (CSP) plant is the first documented Solar Engine [4]. In the
year 1912 the building of the solar parabolic trough collector started for the irrigation pumping
station. The location of the place for the construction of the concentrated solar power plant lies
on the River Nile south of Cairo, a water mineral resort town. The Solar engine had a capacity of
100 brake HP. The solar engine one was developed by a USA inventor called Frank Shuman [5].
Five parabolic concentrating reflectors were builds then, each of these collectors was 62m long,
4m wide, with 7.6m spacing facing the sun from east to west. This project or construction was
supported by a man called Lord Kitchener who offered 12000 hectares of land for cotton

plantation in Sudan.

2.4 Augustin Bernard Muochot (1825- 1912) truncated one solar engine

Augustin Bernard is best known as a mathematics lecturer in France, Lychee de Tour
to be precise [6]. He was the one that built a solar engine using a truncated cone dish. As a
mathematician, he thinks about the future that coal which was an industrial fuel at that time
would run out as time goes on. Is fear that time was that if there is no more coal, what would
happen to all the industries. In the year 1860 he performed an experiment which was his first
experiment with a solar cooking device. Initially he used Iron cauldron surrounded with a glass
of which solar radiation goes through it and boil the water. However, the pressure and amount of
steam were not that good. He realized that the addition of reflector could produce more steam to
operate the steam engine. Later on he constructed a solar engine in the form of a truncated cone
and he refined the reflector for a better the improvement in capacity. The steam engine powered a

water pump and on a sunny day produced a power of half HP (1/2 HP).



The original Mouchot desigr.

Figure 2.1 Mouchot design [6]

In figure 2.1 above shows the design of the great mathematician whose project was supported the

French Government.

The Government (French) also share in the view that coal might finish anytime soon. They
decided to sponsor Augustin’s project by constructing a larger boiler seventy liters of water and
thirty liters of steam boiler for a whole city called Constantine in Algeria. The project was
improved with the use of multi-tube boiler which makes it for larger heat transfer water which

yields a high amount of steam pressure and good performance.

Other countries and companies also built the solar parabolic dish collector for the help of the
people and the nation at large. In table 2.1 below it shows the some other review on the past
projects as far as solar parabolic dish collector is concerned. There are many others that are really

efficient however few have been mentioned below.



Table 2.1 Countries company project

PROJECT LOCATION CAPACITY | TOTAL CAPACITY | COMPANY
(MWe) (MWe) AGENCIES
Parabolic dish | Egypt 127 29 GEF grant
Parabolic dish | Greece 50 50 OADYK EU
Parabolic dish | Israel 100 100 Israel ministry of
National Infrastructure
Parabolic dish | Italy 40 40 ENEA
Parabolic dish | India 140 35 GEF grant
Parabolic dish | Algeria 140 35 New Energy

In conclusion, there has been improvement in the solar parabolic dish collector compared

to the old ways of doing it, improvement in the type of material to be used for the reflector and

the dish itself, and improvement in the efficiency of the dish which gives better performance.

Figure 2.2 Solar parabolic dish [7]

In figure 2.2 above shows examples of solar parabolic dish collector used for cooking and

heating metals respectively. This same invention could be used to generate electricity.




CHAPTER 3
DESIGN AND ANALYSIS

3.1 Overview of system

In order to victoriously design and develop a functional solar parabolic dish collector,
certain major components must be made available. The major components of this system are the
solar parabolic concentrator which is mainly used for the collection of sunlight from a large

region by focusing it on a single point and the heat exchanger which is placed at the focus.

The reflective material used in reflecting the sun rays off the parabolic dish is the
aluminum reflector. Aluminum appears to be a non-ferrous metal, it is quite easy to shape and
suitably perfect for all types of machining. After bending, stamping, treatment of surface, process
of machining and shaping, its performance can be better to meet the production of different
aluminum products. Aluminum is recognized for its low density and ability to withstand
corrosion. Aluminum reflector is one of the most reflective metals in the world due to the fact
that it has a mirror like surface and is made from very high purity aluminum with photometric

qualities to control light.

Heat exchangers are devices that enhances the transfer of heat between two fluids (gas or
liquid) that are at separate temperatures while keeping them from contacting each other. Heat
exchangers are usually used in practice in a vast range of applications, from air-conditioning
systems and heating in a household, to power production in large plants and chemical processing.
Majority of heat exchangers can either exists as parallel flow heat exchangers or counter-flow
heat exchangers. In the case of the parallel flow heat exchangers, the two fluids move in the
same direction while for the counter-flow heat exchangers the two fluids move opposite in

direction.



3.2 Alternative design

An alternative design can be a solar parabolic trough collector. This is a type of solar
thermal collector that is straight in one dimension and curved as a parabola in the other two,
lined with a polished metal mirror. The energy of sunlight which enters the mirror parallel to its
plane of symmetry is focused along the focal line, where objects are positioned that are intended
to be heated. Parabolic trough concentrators have a simple geometry, but their concentration is
about 1/3 of the theoretical maximum for the same acceptance angle, that is, for the same overall
tolerances of the system to all kinds of errors [7]. The theoretical maximum is better achieved
with more elaborate concentrators based on primary-secondary designs using non imaging
optics which may nearly double the concentration of conventional parabolic troughs and are used
to improve practical designs such as those with fixed receivers. An elaborate depiction of a

parabolic trough is shown in the figure 3.1 below.

Rim of trough mirror

Focal lhine

Marmal
to aperture

A

Parabolic
trough

Figure 3.1 Parabolic trough collector [7]


https://en.wikipedia.org/wiki/Nonimaging_optics
https://en.wikipedia.org/wiki/Nonimaging_optics
https://en.wikipedia.org/wiki/Acceptance_angle_(solar_concentrator)
https://en.wikipedia.org/wiki/Parabola#Proof_of_the_reflective_property
https://en.wikipedia.org/wiki/Sunlight
https://en.wikipedia.org/wiki/Mirror
https://en.wikipedia.org/wiki/Parabola
https://en.wikipedia.org/wiki/Solar_thermal_collector
https://en.wikipedia.org/wiki/Solar_thermal_collector

3.3 Initial design consideration

Having chosen a parabolic collector over a trough collector was due to the fact that a
parabolic collector is more powerful and it focuses all the energies from the sun at a single point.
The initial design proposal of the heat exchanger that is designed for this system was neither a
parallel nor counter flow heat exchanger. The design of the heat exchanger was based on having
series of in-line copper tubes were both ends of the tubes will be connected to two semi-circular
copper tubes. Water goes in through one of the semi-circle tube and flows through the straight
tubing’s then leaving out from the other semi-circle tube. This heat exchanger will be placed at
the focus of the parabolic dish collector were all the heat energy is reflected to. Figure 3.2 below

depicts the geometry and design.

Ir-lime tulses B Copper tulbe

2 [ Temp owtlet 20 S oper ke
1 Temp inket 20 S opEer ks
N2 HAME DESCRIPTION
198
_l=|_
I I 1)1
C Q) )
\, J

Figure 3.2 Initial heat exchanger design
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3.4 New design development

The new design of the heat exchanger is based on having series of wound up spiral
copper tubes as this is to increase the surface area compared to the previous design as well as
increasing the time for the water to exit the system thereby giving room for a higher temperature
of water at exit. Both ends of the spiral tubes will be connected to two semi-circle copper tubes.
Water goes in through one the semi-circle tube and flows through the spiral tubing’s then leaving
out from the other semi-circle tube. This heat exchanger will be placed at the focus of the
parabolic dish collector were all the heat energy is reflected to. The copper heat exchanger
becomes hot quickly due to its high rate of conductivity which results to heating up cold water

that flows in from the inlet of the system before exit.

Serircl tulee Brnim coppeer tukee

Tern outlet 20mmim Coppear tulbe
Ternp inlet 20mm copper tulbe
HAME DESCRIFTION

196

AN
A

EARAAA
LANNASA

JJJJJJJJJJ

Figure 3.3 Heat exchanger

The above figure 3.3 illustrates a cylindrical heat exchanger and a water tubing that will be

passed through it.
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4 Semi-circle fube 20mm fube

5 Parabolic dish  610mm radius
4 Holder 12mm screw
3 Spiral fubee &mm tube

2 Temp ouflet 20mm fube

1 Tempinlet 20mm fube
NO N AME DESCRIFTION

Figure 3.4 Heat exchanger of a parabolic collector

The above figure 3.4 illustrates how the system will be designed. As you can see, the heat
exchanger is placed at the focus of the parabolic dish collector where all the incident rays from

the sun is directed to.

12



3.5 System breakdown structures

HEAT EXCHANGER FOR A SOLAR
PARABOLIC DISH COLLECTOR

Parabolic dish ¢ > Heat exchanger

ronflartAr

Aluminum sheet
reflector and
aluminum dish

Copper Spiral
pipes and elbows

3.6 Functional block diagram
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3.6 Solar analysis of localization (Famagusta)

To adequately design our system to create the required output some basic factors have to
be put in place. These factors include, the intensity of radiation of sunlight in our locality
Famagusta, Turkish Republic of Northern Cyprus, materials to be used and their properties, these
will all be discussed shortly.

First of all, Famagusta is situated at the longitude and latitude coordinates of 33.95 and 35.125
[8]. Famagusta has a typical Mediterranean climate- warm dry summers and mild winters. The
typical Mediterranean climate has a temperature in excess of 22.0 °C average monthly to be the
warmest period and an average in the coldest month between 18 to -3 °C. Since the sun’s
radiation on earth is a function of the geometry of the receiving surface relative to the sun, it is

important therefore to notice several geometric angles that show the sun-earth surface relations.

The declination of the sun for any given day can be calculated approximately with the equation:
0 = 23.45 sin [(360/365)* (284+n)]; Where n is the day of the year. In engineering

calculations, this declination is considered to be constant for any given day [9].

3.7 Theoretical background

Several parameters are used to describe solar concentrating collectors. Given below are
brief descriptions of some of these parameters: The aperture area Aa is the area of the collector
that intercepts solar radiation. The Acceptance angle is defined as the angle through which a
source of light can be moved and still converge at the receiver [10]. A concentrator with small
acceptance angle is required to track the sun continuously while a concentrator with large
acceptance angle needs only seasonal adjustment. The absorber area Aabs is the total area of the
absorber surface that receives the concentrated solar radiation. It is also the area from where
useful energy can be gained. The Concentration ratio C is defined as the ratio of the aperture

area to the absorber area i.e.

Ay

Aa
c=-1 [13] 1

14



. 1|
Where Aa=¢ Aperture area, A, = Absorber area

The optical efficiency is defined as the ratio of the energy absorbed by the absorber to the energy
incident on the concentrator aperture (Garg and Prakash, 2000). It includes the effect of
mirror/lens surface, shape and reflection/transmission losses, tracking accuracy, shading,
receiver-cover transmittance, absorptance of the absorber and solar beam incidence effects. The

optical efficiency is given as:

Aa.I,? [13] 2

I

Where P, = rate of energy absorbed by the absorber (W), I

=t direct radiation(W/ m’ )

The optical efficiency of most solar concentrators lies between 0.6 and 0.7. In a thermal
conversion system a working fluid is used to extract energy from the absorber. The thermal

performance of solar concentrator is determined by their thermal efficiency.

The thermal efficiency is defined as the ratio of the useful energy delivered to the energy incident
at the concentrator aperture:

T2—T1

(., .
pV Cppé [13] 3
In=¢
The incident solar radiation consists of beam (direct) and diffuse radiation. However, the
majority of concentrating collectors can utilize only beam radiation. The instantaneous thermal
efficiency of a solar concentrator may be calculated from an energy balance on the absorber. The
useful thermal energy delivered by a concentrator is given by:
ILI-T,
T,

& 13 4
) 1l [13]
Q=I)o.1,.A,.—U,¢

15



Therefore, the instantaneous thermal efficiency may be written as:

61T,
T,
(‘J.
Uy [13] 5
N=-=no—:

T 1,.A,

At higher operating temperatures the radiation loss term dominates the convection losses and the
energy balance equation may be written as:

: _ T e M
Q =No. b . AU (¥ _Tdya 3 6

Instead of Eq. (4). In Eq. (6) UL takes into account the accompanying convection and

conduction losses also. The instantaneous thermal efficiency 7 is now given by:
TI‘(‘.\ - Ta4
6
8
UG [13] 7
IN=I)o—i¢

Since the absorber surface temperature is difficult to determine, it is convenient to express the

efficiency in terms of the inlet fluid temperature by means of heat removal factor Fr g

—iT,
TL(,

nofULz, [13] 8

6
n=FRL

The instantaneous thermal efficiency is dependent on two types of quantities, namely the
concentrator design parameters and the parameters characterizing the operating conditions. The
optical efficiency, heat loss coefficient and heat removal factor are the design dependent
parameters while the solar flux, inlet fluid temperature and the ambient temperature define the

operating conditions.

16



3.8 Proposed design

n(D,|
Now we will count for area of the aperture: ~ Aa= 1
_ T (Da)2
We will take the diameter of the aperture: D=122m ; A= 1 1.2m 2

Also we take the absorber to be a half cylinder with (r=0.085m| ; height (0.16m)

ll=mrh
The effective surface area of the absorber is given by: A.

(9

A = 70085/(0.16) —ggu277 m?

6

The half-acceptance angle is given by:

C=

— i -1 1 . . .
sin2g > @ =sin \ C Where C is concentration ratio?

Aa

Recall that = agps 20

1
o=sin"'y===10.8933°
sin \/28

The optimum rim angle is: ¥ in=90-0

The focal length, £, of the dish is obtained from [12]: F= D /16h ; h=height of dish
F=1.22%16(0.2) =0.46m
Expected or assumed thermodynamic performance of the system

The estimated useful energy of the designed heat exchanger of parabolic collector is given by:
Q =1 LA, ; Where I=¢ beam radiation, I =thermal efficiency

The efficiency range of most solar concentrators is 40% - 60% [13].



I,=1,=750W/m* (pyerage of 400-2500 in Cyprus)

I1=0.5 (Average of 0.4 and 0.6)

Q=0.6 x750x 1.2=540 W

The useful energy is also given by:

Q:mwcpw(Tw_Ta):n'ID'Aa 9

Where ™w is the rate of heating the water and CPy s the specific heat capacity at constant

pressure of the water is obtained from tables of properties of water 4185J/kgK (at 15°C) [14]. We
have (m= 0.4kg), also the estimated time for water to exit the heat exchanger is t =60s. The time
was estimated by filling a bottle of water which is 0.4L, the same volume with the volume of the
heat exchanger. When the time was turned on, it took 60s to fill the bottle up. The volume of the
water can be easily calculated by dividing the mass which is measured above and divide it by the

density of the water at given temperature.

The density of the water at 15 Celsius is 999.1 kg/ m’ .

—m_04Kg _ 41074

So, p, 999.1 =04L
V' =0.4L/min
i, =M=04K _ ¢ 606 kg/s
t 60s

We have the equation to find the exit temperature as follow:

Q=1 Cp,[T i — Tt 540:0.006"—9.4185% T =36.5 °C

; s -15] T

exit exit

18



The energy, Pabs, absorbed by the absorber is obtained from Eq. (2):

1],=0.65 (Is the average of 0.6 and 0.7) and the bracketed term is same as du

161=0.65 % 1.2x750=585W
P.

[

3.9 Material selection

Material used for the body of dish:

Aluminum was chosen over steel due its low cost, energy effectiveness, lightness, and
easy fabrication of material for the body of the dish. Due to its lightweight the overall weight of
the system is reduced, and it also tends to reduce the degree of work to be done by the super-jack

from west to east and vice versa.
Material used for the heat exchanger:

Copper was chosen due to its high level of thermal conductivity, energy effectiveness.
This mean that by heating one end of a piece of copper, the other end will quickly reach the same
temperature. Most metals are pretty good conductors; however, apart from silver, copper happens
to be the best. It is used in many heating applications because it doesn’t corrode and has a high
melting point, therefore it is used in the application of a heat exchanger. Copper can be joined
easily by soldering or brazing. This is important for pipework’s and for making sealed copper
vessels. The overall weight of the heat exchanger is reduced due to the light weight of copper

and also the work done in turning the dish about its horizontal axis by the super-jack is reduced.
Surface coating material for the heat exchanger:

Black paint was picked out for the coating of the heat exchanger. It is chosen over other
coating materials due to the fact that it has a higher level of absorptivity at angles other than
normal incidence, constancy and durability when exposed to weathering, cost effectiveness and

protection to the heat exchanger, sunlight and high stagnation temperature.

Material used for the base of the parabolic dish collector:

19



Angular and flat steel bars were selected for the base which support the whole solar

parabolic dish system. Flat and angular bars were chosen to create solid and rigid supports for

the rectangular, vertical axis steel bar which supports the parabolic dish.

TABLE 3.1 Properties of aluminum and copper

Property Copper(Cu-ETP) Aluminum(1350) | Units
Electrical-conductivity 101 61 %IACS
Electrical resistivity(annealed) 1.72 2.83 mOhm-cm
Thermal conductivity at 20°C 397 230 W/mK
Coefficient of expansion 17 x 10-6 23 x 10-6 /°C
Tensile strength (annealed) 200-250 50-60 N/mm2
Tensile strength (half-hard) 260-300 85-100 N/mm2
0.2% proof strength (annealed) 50-55 20-30 N/mm2
0.2% proof strength (half-hard) 170-200 60-65 N/mm2
Elastic modulus 116-130 70 N/mm?2
Fatigue Strength (annealed) 62 35 N/mm?2
Fatigue Strength (half hard) 117 50 N/mm?2
Specific heat 385 900 J/kgK
Density 8.91 2.70 g/cm3
Melting Point 1083 660 °C

The table 3.1 illustrates the different physical or characteristics of both aluminum and

copper.

CHAPTER 4

MANUFACTURING, ASSEMBLY and TESTING

4.1 Manufacturing Procedure
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Different manufacturing processes were used in the production of our project. The
processes includes winding, drilling, soldering, use of sandpaper, welding. Firstly, a hollow 13cm
steel cylinder is being held stationary upward by the use of a bench vise to avoid movement. The
straight 20mm copper tube is filled with dry beach sand and then closed at both ends as this is to
prevent it from compressing during winding process. This tube is clamped to the hollow cylinder
by the use of a G-clamp and then wounded round the cylinder severally to form spirals. As it is
known that spirals are circular, a single circle was picked and then cut into to two semi-circles.
After the accomplishment of this process, the sand was evacuated from the semi-circle tubes and

a total of eight holes were drilled round the tube.

Figure 4.1 20mm copper winding

The above Figure 4.1 depicts the winding process of the 20mm copper tube done around the

hollow cylinder with the use of a bench vice and G-clamp and also the drilling process.

Next step is winding the 8mm copper tube to also form series of spirals. A cylindrical
steel rod of 22mm is placed immobile upward on a bench vice. The 8mm tube is filled with sand
also in order to prevent compression during winding. The tube is clamped to the steel rod by the

use of a smaller G-clamp and then wounded round the steel rod multiple times to form a spiral,
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after which the sand is removed by using compressed air and a total of five different spirals were
made. Two tubes were wounded to form a single spiral having made three sets, and a single tube
is wounded also to form a single spiral having made two sets making a total of five different
spirals. This then amounts to having a total of eight passes of spirally wounded 8mm copper tube

connected to the two 20mm semi-circle tube.
4.2 Method of assembly

The methods of assembly used for the project were done manually and also performed in
the workshop of mechanical engineering department excluding the soldering which was done in
another workshop located outside the department. The major processes involved here is screwing
and soldering. For the assembly of the heat exchanger, both ends of the sets of copper spiral
tubes were attached to the semi-circle tubes by mode of soldering as welding cannot be used for
this kind of joining. Copper elbows were connected to the semi-circle copper tubes for the inlet
an outlet of the fluid flow. The figure 4.2 shows how the soldering is carried out to for the

connections of the spiral tubes and the elbows.

Figure 4.2 Soldering process for the heat exchanger
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Next, surface cleaning of the parabolic dish is done with the use of sand paper to eliminate
uneven surfaces before an adhesive aluminum reflector is placed on the parabolic dish. This
process requires careful assembly in order to avoid air bubbles while installation is carried out.
Furthermore, in order to keep the heat exchanger at the focus of the parabolic reflector, long
screws were attached with nuts from the base of the dish up to the focus so as to hold the heat

exchanger there.

4.3 Testing

The testing was done during mid-day and the weather conditions was quite favorable
despite the fact that the experiments was done in fall season when there is little sunshine.
Recording and data was collected for just one day as it was forecasted in the news that there is
little sunshine. These data and results will be discussed in the following chapter. For the testing
to be carried out, the heat exchanger was placed at the focus of the parabolic reflector as
aforementioned before. The system was taken outside of the mechanical engineering department
and was faced to the sun so as to get the incident rays of the sun. For the measurement of the
inlet and outlet temperatures, a K-type thermocouple was used as shown in figure 4.4. The figure
4.3 below shows how the experiment was done during mid-day by facing the parabolic dish

towards the sun.
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Figure 4.3 Performance of experiment
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Figure 4.4 Thermocouple testing

The above figure 4.4 shows the use of a k-type thermocouple to measure both the outlet and inlet
temperature

4.4 Cost analysis

Our heat exchanger and parabolic reflector is designed having in mind the viable nature
of the project, therefore cost effective measures were considered when selecting the materials to
be used. This is notable from the pre-mentioned materials that is used in the project. Steel is
readily available in our locality (Famagusta TRNC) at an affordable price rate, but copper is

quite rear and expensive.

Getting an aluminum reflector was not so much of a big deal even if the price is high,
while the parabolic dish was gotten at an expensive rate though fairly used. The table below

illustrates the price rate of each material used in this project.
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TABLE 4.1 Cost analysis

ITEMS AMOUN | COST(TL | SOURCES
T )
1 Cylindrical steel bar 1 80 Ilkay Genc
2 Aluminum reflector 1 69 Deniz Plaza
3 8mm diameter copper tube 5 150 Ibo Can
4 20mm diameter copper tube & elbows 8 250 Ibo Can
5 Parabolic dish 1 250 Industrial
workshop
6 Transportation 300
Total 1099
CHAPTER 5
RESULTS AND DISCUSSION
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5.1 Results

The temperatures important for the performance are the inlet temperatures and outlet
temperatures. The k-type thermocouples was placed in two points within the system to obtain the
necessary temperatures. The system was tested in a weather condition quite favorable for the
experiment to produce increased heat radiation with a solar radiation intensity of ranging from

735W/m?* to 1513W/m”. The experiments was done on 9"and 10" January.

9" January:
Q=m, Cp,|T,~T,|=1].1,.A,
Where
, mass 0.4
My = Jime = 60 =0.006kg/s
V' =0.4L/min

Temperature inlet= 17°C
Temperature outlet= 45.6°C

Temperature average= 31.3°C

CpW average:4178 (J/kgK)
A=t gy m

920.5025
In @12:38pm= ogg370  =1152.59( W/m* )

Q=mm,Cp,|T,~T] —0006 X 4178 X (45.6-17)= 716.9W

O _ IL.1,.A,

__Q
n_ID.Aa =S1L8C )
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The table below illustrates the results performed on the 9™ of January 2016 during mid-day
Table 5.1 Results

Time Temp Temp Al CPy pyera | O I, Q 1]

inlet (°C) | outlet(°C) (m . (o) ( W) ()

(J/kgK) W/m?
)

12:13 17.0 31.7 1.2 4180.0 32 2128.5 368.7 14.4
12:18 17.0 36.0 1.2 4179.0 33 2152.3 476.4 18.5
12:23 17.0 39.2 1.2 4179.0 35 2203.5 556.6 21.1
12:28 17.0 42.3 1.2 4178.0 36 1137.8 | 634.2 47.1
12:33 17.0 43.0 1.2 4178.0 36.5 1145.1 651.8 47.4
12:38 17.0 45.6 1.2 4178.0 37 1152.5 716.9 51.8

Useful thermal energy vs Time of day

800
600
Useful thermal energy
. 400
0
(W)
200

0
12:07 12:14 12:21 12:28 12:36 12:43
Time of day
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Figure 5.1 Graph of useful energy vs time

Figure above shows how the useful thermal energy increases with respect to time during the
hours of the day.

Efficiency vs time of day

60
50
40
Efficiency
30
n
(%) 20
10

0
12:07 12:14 12:21 12:28 12:36 12:43
Time of day

Figure 5.2 Graph of thermal efficiency vs time

In the figure above, it is observed that the efficiency of the system increases as time goes on
during the day.

Temperature outlet vs time of the day

50
40
30
Temperature outlet
(°C) 20
10

0
12:07 12:14 12:21 12:28 12:36 12:43
Time of day

Figure 5.3 Graph of temperature vs time

29



The above graph shows the relation between temperature and time, as the time increases during

the day with a constant flow rate, the temperature of the water increases as well.

10" January:

Calculations for the constant flow of water

Q=m, Cp,|T,~T,|=1].1,.A

Where

Jé

M, =0.004kg/s

V' =0.4L/min

Temperature inlet= 20°C
Temperature outlet= 68.6°C

Temperature average= 44.3°C
CpW average— 4181 (J/kgK)
A=t g om’

I 920.5025
D @12:20pm= gg370 =1145.1

&

Q=1 Cp,[T,—Ta| —0004 X 4178 * (68.6-20)= 812.6W

O _ I.I,.A,

__Q
D=4 =s01( )

The table below illustrates the results performed on the 10™ of January 2016 during mid-day

Table 5.2 Results

Time Temp Temp A
inlet (°C) | outlet(°C)

Cp w o avera

£gce

0(°)

Q.
(W)

30




(m?) (J/kgK ) W/m?2
)
12:00 |20 38.2 1.2 4179 32 | 21285 | 3042 | 119
12:05 |20 49.8 1.2 | 4179 33 | 21523 | 498.1 | 193
12:10 |20 60.6 1.2 | 4179 35 | 22035 | 678.7 | 257
12:15 |20 62.2 1.2 | 4179 36 | 1137.8 | 7054 | 517
12:20 |20 68.6 1.2 | 4180.0 36.5 | 1145.1 | 812.6 | 59.1

Useful thermal energy vs Time of day

1000

Useful thermal energy

0 (W)

800
600
400
200

0
11:52 12:00

12:07

Time of day

Figure 5.4 Useful energy vs time

12:14 12:21

Figure above depicts how the thermal energy increases with respect to time during the day as the
sun shines..
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Efficiency vs Time of day

70
60
50

Efficiency 40

n 30
20
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0
11:5712:0012:0212:0512:0812:1112:1412:1712:2012:23
Time of day

Figure 5.5 Thermal efficiency vs time

In the figure above, it is observed that the efficiency of the system increases as time goes on
during the day.

Temperature outlet vs Time of day

80

60

Temperature outlet 40
(°C)

20

0
11:52 12:00 12:07 12:14 12:21
Time of day

Figure 5.6 Temperature vs time

The above graph illustrates temperature vs time, the temperature increases with respect to time of
the day.
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5.4 Technical difficulties encountered

There were a few impediments to the effective conduct of the project, these included
workshop machining and operations. Most times the workshop was not always available at our
free periods but we managed to skip some classes and get the job done. Other difficulties
includes the machining of the different work parts we had to work with, it was not so easy as we
even got injured on some occasions but still the job had to be done. More so, during the testing/
experiment days we had difficulties in positioning the collector at the best possible point to
maximize power radiation intensity. And because also this had to be done outside of the
department with no shades provided we were sun-burnt most times but we are happy to have

gotten the job done.

5.5 Design improvement

After series of experiments and observations, the project had some errors which led to not having
good results at the end. Errors like reading the values, heat losses due to reflection on the heat
exchanger and calculation errors. To improve the project, insulation can be made with an
insulated cover on the heat exchanger so that when the sun rays reflects to the focal point where

the heat exchanger located there will be less heat loss to the environment.
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CHAPTER 6

CONCLUSION AND FUTURE WORK

In conclusion, the main purpose of the project is to concentrate solar radiations at the
focus point of a parabolic dish reflector where the heat exchanger is located. To achieve this
goal, it was essential to get a uniform concentration so as to get the desired outlet temperature of
the water flowing through the heat exchanger. Written in this project is the mathematical
modeling of the system as well as equations to aid one to know how heat is generated and
dissipated through the system.

Nevertheless, this project can be modified in the future by applying some adjustments in the
system. Flat mirrors can be installed to be in front of the parabolic reflector and this intention
will aid the increase of concentration of solar radiation at the focus point. This is because the
reflected sun rays coming to the parabolic reflector are parallel to the principal axis. This type of
model is called on-axis model. The advantage of this system is that the absorber of the system

will not shade the parabolic reflector.

34



The temperatures generated in this project is high enough to be used in solar cooking
applications. Also, high water temperature from the heat exchanger can be used for heat systems
as well as to produce electricity using the organic Rankine cycle. Since this is a moving trend
around the globe in our today’s world, and bearing in mind that Cyprus has a huge amount of
sunlight radiation, these applications have to be reviewed in the nearest future to create a more

renewable means of generating energy.
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APPENDICES

APPENDIX A- LOG BOOK

Name & Surname: Joel David’s- LOG BOOK
Student Number: 118305

Accomplished Task Dates
17/3/2015
Project Proposal Request to Prof. Dr. Ugur
Atikol (Chair) and Assist. Prof. Dr. Mostafa
Ranjbar
Discussing the nature of the project 23/3/2015
Discussing about the new idea that will be included in 31/3/2015

the project
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Conversing about the objective and scope of our project, | 17/4/2015
learning more information’s on parabolic dish collectors

Exchanging views on the measurements of the project 22/4/2015
devices

Explanation on the preliminary design and methods of | 23/4/2015
production

Talking about the different sources to gather information | 15/5/2015
from

Deliberating on material selections 21/5/2015
Completing design on solid works 18/6/2015
Finalizing thermal analysis and design calculations 20/6/2015
Selecting of dish and heat exchanger material 05/10/2015
Material analysis 10/10/2015
Manufacturing of first dish 17/10/2015
Manufacturing of the second dish 02/11/2015
Drawing of the heat exchanger with solid works 05/11/2015
Heat exchanger material selection and design 08/11/2015
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Manufacturing of the heat exchanger 10/11/2015
Bending, drilling and soldering of copper pipes 05/12/2015
Putting aluminum foil on dish 08/12/2015

Joining heat exchanger to parabolic dish 23/12/2015

Writing of report 25/12/2015
Testing and result 06/01/2016
Reviewing all works 06/01/2016

MAYOWA'’S LOG-BOOK

Student number: 118648

ACCOMPLISHED TASK DATES

PROJECT PROPOSAL REQUEST TO ASSIST. 17/03/2015

PROF. DR. TAHIR ABDUL HUSSAIN AND

ASSIST PROF. DR. NERIMAN OZADA (VICE

CHAIR)

MEETING WITH THE SUPERVISOR 18/03/2015

ANALYZING THE PROJECT WITH TEAM 23/03/2015

MEMBERS

EXCHANGING VIEWS ON THE DIMENSION | 30/04/2015

OF THE PROJECT PARTS
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LITERATURE REVIEW 30/04/2015
WORKING ON THE GANTT CHART 20/06/2015
PREPARING MY LOG BOOK 20/06/2015
Selecting of dish and heat exchanger material 05/10/2015
Material analysis 10/10/2015
Manufacturing of first dish 17/10/2015
Manufacturing of the second dish 02/11/2015
Drawing of the heat exchanger with solid works 05/11/2015
Heat exchanger material selection and design 08/11/2015
Manufacturing of the heat exchanger 10/11/2015
Bending, drilling and soldering of copper pipes 05/12/2015
Putting aluminum foil on dish 08/12/2015

Joining heat exchanger to parabolic dish 23/12/2015

Writing of report 25/12/2015
Testing and result 06/01/2016
Reviewing all works 06/01/2016
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Abdullah Awad log book
Student number: 138942

Studying the main idea of the project and it goals.

Get advises about how to work together to finish the
project.

Get some useful resources to gather information to
clear any confusing in our mind.

Asking some friends who are expert in solar power to
start well and avoid mistakes.

Gathering what I got from all of previous resources
and start work.

Meeting with my group mates and each of us took
his own chapter to do, we decide for me to work with
calculations.

| searched for useful equations and give them to my
advisor to check them and took the acceptance.

| searched for different types of heat exchanger and
put my assumption for designing the heat exchanger
and the parabolic dish after that calculating the
equations.

| checked my first part for designing with my advisor
and he accepted them with some modification about
liquids and mass flow rate.

| worked with second part of heat transfer and
thermodynamic equations.

| checked them with my advisor and take the
acceptance.

I met with my group mate to check what each of us
has been done with his work.

| searched for some resources to help me with
drawing on solidworks.

| draw the parabolic dish and check it with my group
mate

| draw the heat exchanger and facing some problems
and | took help with my solid works assistance.

I checked all previous drawing with my advisor

20/3/2015
23/3/2015
25/3/2015
29/3/2015
1/4/2015

3/4/2015

6/4/2015

7/4/2015

9\4\2015

10/4/2015

13/4/2015

20/4/2015

7/5/2015

10/5/2015

15/5/2015

18/5/2015
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We met again with my group members to check or
works and changing some of mistakes.

| get back to work with drawing to put two tanks
which they will provide water to the heat exchanger.
Met with my advisor to give him my design and he
gave me some advices for heat exchanger pipes to
modify it.

I modified the design and check it again with my
group members and our advisor.

We asked technician in our work shop if we can
manufacture the parabolic dish with sand casting or
not, and he gave us some places where we can make
it.

I met my group again to calculate the exit
temperature of the water from heat exchanger.

Put our design in 2d and put the dimension on it.

Gathering all chapters and reform it in our report.
Check all chapters again with our advisor.
Writing my log book.

Selecting of dish and heat exchanger material
Material analysis

Manufacturing of first dish

Manufacturing of the second dish

Drawing of the heat exchanger with solid works
Heat exchanger material selection and design
Manufacturing of the heat exchanger

Bending, drilling and soldering of copper pipes
Putting aluminum foil on dish

Joining heat exchanger to parabolic dish

Writing of report

20/5/2015

25/5/2015

1/6/2015

5/6/2015

8/6/2015

10/6/2015
12/6/2015
15/6/2015
18/6/2015
20/6/2015
5/10/2015
10/10/201
17/18/201
2/11?2015
5/11/2015
8/11/2015
10/11/201
5/12?2015
8/12/2015
23/12/201
5

25/12/201
5

43



e Testing and result

e Reviewing all works

APPENDIX B-GANTT CHART

6/1/2016

6/1/2016
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APPENDIX C
ENGINEERING DRAWING
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Appendix D
http://students.emu.edu.tr/118305/
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