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DESIGN AND EXPERIMENTAL
INVESTIGATION OF THE PARABOLIC TROUGH SOLAR COLLECTOR

Ammar S. Ahmed ALAMILI

Erciyes University, graduate school of natural and applied sciences
MSc. Thesis, May 2019 )
MSc Thesis Supervisors: Assist. Prof. Dr. Yusuf TEKIN

ABSTRACT

The head line of this thesis is investigating in solar radiation as a main heat energy source.
Through this research all the factors and properties that effect on heat energy gain were
studied and investigated by use the parabolic trough collector.

This study is based on two aspects theoretical and experimental investigation. The
theoretical part is covered by an excel program which includes all the equations and
formulas that could calculate the entire requirement in this research. This research could
classify in four main parts.

The first theoretical part of this research illustrates the solar radiation calculations which
could compute the amount of beam solar radiation on the earth per meter square at any
point on the earth in any time of the year.

The second part in this research shows the calculations of the amount heat solar energy
that get from the parabolic trough collector, the collector efficiency, moreover the amount
of steam that could get it from the collector.

The third theoretical part of this research illustrated the heat gain according to the
experimental aspect of the study, which is representing the actual heat gain from collector.
The fourth part of the research is the experimental aspect. In this part a parabolic trough
collector system is designed and manufactured to could calculate and estimate the actual

heat efficiency of the system and compare it with theoretical aspect.

In the designed tube type solar collector, it was determined that the maximum energy
theoretically is 880 W / collector and the experimentally is 835 W / Collector obtained in
the hot water mode at noon on 09th of December, the collector efficiency was

theoretically 63% and the experimentally 57%.

In the designed collector, the direct solar radiation measured on November 20 was 0.61

kg /h steam at 616 W / m? while the theoretical steam produce is 0.68 kg/h. The amount
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could make by two-axis collector's solar tracking system is1.107 Kg / h steam can be

obtained.

Through the studying of this research some important points has found. There is a
problem with winter season it make so difficult to rely on the solar energy without hybrid

fuel station could offset the shortage in solar energy.

The other important point could illustrated the significant of the tilted collector to produce
the maximum solar radiation if it could develop a new design of this collector could

follow the sun in two directions to exploit the most fraction of the sun radiation.

Keywords: Solar radiation, Parabolic Trough Collector, Steam generation.
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VAKUM TUPLU PARABOLIK GUNES KOLLEKTORU TASARIMI VE
DENEYSEL INCELENMESI

Ammar S. Ahmed ALAMILI
Erciyes iiniversitesi, Fen Bilimleri Enstitiisii Makina Miihendislig¢i Ana BilimDal

MSc. Thesis, May 2019
Tez Damismani: Dr. Ogrt. Uyesi Yusuf TEKIN

OZET

Bu ¢aligmanin amaci giines enerjisinde daha etkin faydalanmak icin parabolik oluk tipi
giines kollektorii tasarlamak ve enerji iiretim performansini teorik ve deneysel olarak
incelemektir. Teorik calismada, parabolik oluk tipi kollektdre gelen giines enerjisinden
elde edilebilecek faydali enerjiyi hesaplamada Microsoft Excel programi kullanilmistir.
Calisma dort béliimde tamimlanabilir. Ilk kisimda diinyanin herhangi bir noktasinda birim
alana (m?) diisen giines 151n1m miktarin1 hesaplanmustir. ikinci kisimda, giinesi takip eden
parabolik oluk kollektoriinden elde edilebilecek giines enerjisi miktari, kollektor verimi

ve buhar tiretim miktari teorik olarak hesaplanmaktadir.

Uciincii kisminda ise, deneysel sartlarma gore giinesi takip eden parabolik oluk
kollektorden elde edilen giines enerjisi miktari, kollektdr verimi ve buhar liretim miktari
teorik olarak hesaplanmaktadir. Dordiincii boliim ise tasarlanan parabolik oluk tipi giines

kollektdriiniin deneysel olarak incelenmesidir.

Tasarlanan oluk tipi giines kollektoriinde deneyin yapildigi 09 Aralik 6gle vakti i¢in sicak
su modunda teorik olarak maksimum 880 W/kollektorenerji ve deneysel olarak 835
W/Kollektor enerji elde edildildigi, Kollektor verimiminin teorik olarak %63 ve deneysel

olarak %57 oldugu belirlenmistir.

Tasarlanan kollektorde 20 kasim tarihinde dlgiilen direk giines 1s1n1m1 616 W/m? de 0.61
kg/h buhar elde edilmistir. Bu miktar kollektoriin giines takip sistemi iki eksenli yapilarak
1.107 Kg/h buhar elde edilebilir.

Tasarlanan parabolik gilines kollektorii hacim 1sitma amaclh fosil yakitli sistemle
biitiinlesik kullanilmas1 gerekmektedir. Enerji depolama sistemleri ile 1sitma siiresi

uzatilabilir. Ayrica giines takip sistemi iki eksenli yapilarak daha verimli hale getirilebilir.

Anahtar Kelimeler: Giines enerjisi, Parabolik oluk tipi kollektér, Buhar Uretimi.
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INTRODUCTION

Solar energy is considered one of the most important renewable energy sources about the
world, it is an inexhaustible energy because of its continued renewal long as the universe
and it is a safe energy that cannot be monopolized or controlled, it is a clean
environmentally friendly energy.

The concentrated solar thermal technologies create high-temperature, high-quality energy
that can be used to drive a variety of engineering processes. Concentrated solar thermal
(CST) is attractive because of free solar radiation and plentiful, but must beat the
significant engineering challenges.

Concentrated solar thermal consists of a series of spread reflectors that transfer during the
day to focus the sunlight on the solar receiver. CST techniques have various theories and
arrangements, but the same principle of process: The solar concentrator focuses solar
radiation on a solar thermal receiver that absorbs solar radiation and converts it into
thermal power. Concentrated solar thermal is not a new thought. Stories from its
application go back like ancient times. In the scientific society, folklore suggests that
Archimedes led attempts to focus the sun on Roman ships using a lot of reflective
surfaces. The first contemporary profitable application of concentrated of solar thermal
was the construction of the trough system in Egypt, which was built in 1913 to generate
hot steam to pay a pump for irrigation of semi-arid farming land.

The Solar Energy Generating System (SEGS), commissioned between 1984 and 1990 in
the U.S., was the first employ of concentrating solar for power production. The SEGS
project consists of nine part through power plants that have sum 354 MW power
generation ability. The project marked the start of a rebirth of concern in CST technology.
The whole atmosphere from the summit of the Earth’s atmosphere to the concentrator,

and between the concentrator and receiver, impact the quality of the solar radiation. The



nighttime and daylight hours sequence, clouds, and dust in the atmosphere reason
interruptions in the solar radiation reach the receiver. Interruptions must be considered,
but energy storage technologies can reduce their negative properties on concentrated solar
thermal action.

Concentrated of solar power (CSP) is an essential function of CST technology. The word
involves both CST plants that are employed to produce electricity and concentrated
photovoltaic (CPV) power plants. This dissertations focuses on CST’s application for

power generation only [1].

And during the pursue of the implementation of power plants CSP diverse sorts parabolic
trough system, linear Fresnel reflector system, power tower system, dish engine system
note that 90% of these power plants take on the principle of parabola trough system, this
points out that this sort of power plants is the most efficient in expressions of design, cost
and performance [2], and this trend as one of the motives to pick the topic of this research

in the study of this sort of solar concentrators.

THESIS AIMS

Through our study, we aim to achieve a number of goals that can be summarized as
follows:

e Performance analysis for both the theoretical and the experimental aspect of the
solar energy concentration process by use the parabolic trough solar collector and
study the Different factors influence the amount of energy useful.

e Develop an excel program it could calculate a solar radiation on the earth at any
region and any time on the year, more over it could calculate the heat gain by the
collector and the collector efficiency in both theoretical and experimental aspect.

e Manufacture and tested a parabolic trough collector in ERCYES University to use
it in study the actual performance and behavior for this type of solar concentrated
technology.

e Use a parabolic trough collector to produces hot water and steam to simulator the
real electrical power station and understanding the real factors that could affect

directly on the collector performance.



IMPORTANCE

The concentrated solar power (CSP) uses renewable solar source to generate electricity
at the same time the greenhouse-gases which it could produce is very low. Therefore, this
technology has a strong chance to be the key method that decrees the climate change.
Furthermore, the limited reservoirs of the traditional energy sources make it have a short
life time period and that make this technology have a big chance to be alternative source
of the traditional energy resources.

The concentrated solar power stations unlike the solar photovoltaic (PV) technology can
produce electricity continually after the sunset or even when the cloud closes the sun
because it could use the storage technology. The (CSP) technology could also supply
other important demands like the heat energy for industry, the heating, and water
desalination.

The recent studies show that generating steam power from solar energy is a new trend
among the other energy sources researches. The large amount of solar energy is available
that let to get a high level of steam energy which make it able to be the alternative energy
required. The parabolic trough collector (PTC) which is the basic of our study considers
the basic technology in this field to achieve this goal.

Since turkey lacks to traditional energy sources such as fossil fuels, it aims to exploit
renewable energy, including the solar energy. Whoever, it is noted that this type of
technology has not yet been used in this country. From other hand it is noted that Iraq and
many other countries in the area which they have a high density of solar radiation but they
still far away from this clean cheap technology. The importance of this study is to increase
highlight the research on the solar energy technology in these countries to can matching
with the progressing countries in this important field. This study can contribute by the
theoretical and practical aspects as a reference to assessment of the efficiency of this type
of technology as a source of alternative energy generation in turkey, Iraq and other

countries in the area.



CHAPTER 1

LITERATURE REVIEW

To study in the field of solar concentrated solar radiation it is suitable to list a review of
the theoretical and experimental work in this field for the 10 years ago and get the a
summarized results for their thesis. Some of the most relevant are presented below:
Rolim, M., Fraidenraich, N., 2009. An analytic prototype for a solar thermal electric
produce system with parabolic trough collectors was improve. The energy diversion of
Solar irradiation to thermal energy along the receiver tube of the parabolic collector is
investigated, considered the heat losses non-linearity and its dependence on the local
temperature. Three fields of different collectors were considered, the first field with
evacuated absorbers, the second with non-evacuated absorbers and the third with bare
absorbers. Finally, the output power of the plant is analyzed as a function of the
evaporation temperature of the water-vapor fluid. A large maximum of the overall cycle
efficiency is found for evaporation temperatures around 320 °C. Good agreement is
obtained when comparing the results of this model with experimental data belonging to
the Solar Electric Generating System [3].

Fernandez, A., Zarzaa, E., 2010. The study shows an overview of the (PTC) which built
and marketed through the last century, as long the prototypes presently under
development. Also it presents a survey of systems which could incorporate this type of
concentrating solar system to supply thermal energy up to 400 °C, especially steam power
cycles for electricity generation, including examples of each application [4].Liu, Q.,
Yang, M., 2012. Studying the sophisticated thermal physics mechanisms of the (PTSC)
systems takes an energetic role in efficiently using the solar energy. Numerical
simulations are done to assess the feasibility and efficiency where a data sample derived

from the experiment and the simulation outcomes of two solar collector systems with 30



m2 and 600 m2 solar fields. Several main rules like the solar collector efficiency rises
with the growth of the solar flux and the quantity of the heat transfer fluid, so it declines
with the rise of the inlet temperature of the HTF, are obtained [5].

Zhifen, L., Yuang, G., 2013. A site test model has been developed to assess the (PTSC)
thermal performance at dynamic circumstances depend on the equations of energy
balance and a thermodynamics investigation. A major advantage of this method paralleled
with steady-state exam models is this model contains the influence of the instance angle
on the whole collector performance of an extended row of collectors, more the model
could be used in site to (PTC) in real circumstances that follow up the sun just along one
axis. Moreover, the dynamic model forecasts to the temperature outlet, the produce
energy and thermal efficiency are in well agreement with measured outcomes on both
cloudy and clearness days, which shows that this model could supply rapid, credible at
site test [6].

Reddy, K.S., Kumar, K., 2015. A performance of (SPTC) with two traditional and four
porous disc receivers is distinguished in constant time period , acceptance angle for the
collector, highest performance, daily performance and heat loss exams. The exams are
done for extensive range of flow rates (100 L/h—1000 L/h) and weather circumstances.
Depend of experimental analysis, a constant time of a (PTC) is diverse from 70 s to 260
s for various absorber tube shapes. Heat losses from (PTC) are in the variety of 455
W/m2-1732 W/ m? for average liquid temperature of Tomb + 30 °C [7]. Jebasingh, V.K.,
Joselin, G.M., 2016. This study focuses on the performance and efficiency of solar
parabolic trough collector in India. It also reviews the pertinent applications of solar
energy such as air heating system, desalination, refrigeration, industrial heating purposes
and power plants. This paper will be useful for researchers concentrating on solar energy
using parabolic trough collector [8]. Wanjun, Q., Wang, R., 2017. The research shows a
promising methodology for effectiveness dropping the cosine loss for the scalable (PTC),
supplying the probability of enhance a yearly average collector efficiency and achieving
cost-efficient of using solar energy. A recent commercial (PTC) has a yearly average
efficiency of nearly 50%, and the low efficiency range outcomes by the cosine loss. This
study, a 300-kWth (SPTC) with north south and flexible rotate axis follow up is primarily
offered [9]. Hoseinzadeha, H., Kasaeian, A., 2018.The aim of this research is depend on
a parabolic trough solar collector geometric analysis in diverse sizes of the major system's

components. A range of Local Concentrated Ratio on an absorber tube and the visual



efficiency are two major advantage in geometric optimization of the (PTSC). The recent
outcomes presented that the visual efficiency of 65% was got for the collector parts with
the aperture width of 0.6 m, rim angle of 100° and absorber tube diameter of 0.025 m.
Moreover, the visual efficiency of 61% was got with the aperture width of 0.7 m, rim
angle of 90°, and diameter absorber tube of 0.025 m(3) [10]. Haojie, X., Yinshi, L., 2019.
The active media (molten salt and artificial oil) take a blood role in transferring the solar
energy to the solar power concentrated technic. Yet, transient characteristics for the
artificial oil and molten salt are so less understood. It has shown that while molten salt
which has high heat ability advantages, high thermal constancy and high process
temperature has the ability to build the higher-efficiency CSP plant [11].

Hafez, A.Z., Attia, A.M., 2018. This study shows analyzing of deploying many parabolic
trough solar collectors in a different countries and the study submitted and discussed
operational SPTC plants too. A mathematical models let a different parameters
calculation of parabolic solar trough system, the slop angle of the collecting surface and
the acting of forces on the system. The experimental validate of the main mathematical
models on practical parabolic solar trough concentrating. The paper shows the optical
values of efficiency are close to 63% and the peak optical theoretical efficiency
approached 75% [12]. Matteo, B., Simone, D., 2016. The study goals to analyzing
absorber of a flat aluminum to heating process and generate steam directly in simpler
linear focused solar collectors. It installed on an asymmetric concentrated parabolic
trough to make a collector with a concentrating ratio of 42 that has investigated
experimentally. Specially, a new test operation is submitted, applied and validate to
describe the collector thermal performance through generated steam. The results show
that a significant overall thermal efficiency of 64% can be made with negligible dropping
pressure [13]. Karima, G., Safa, S., 2019. The thermal performance of (PTSPP) is critical
to the total of the system efficiency. That sort of the solar power concentrated collector is
investigated to the indirect of producing steam system. Some factors, as absorber thermal
description; the mixed heating exchanger's efficiency; thermal efficiency, concentrated
ratio and the quantity of steam producing. It found the efficiency of thermal energy
fluctuates from 24% to 28% for PTSPP system so it approaches an average of
concentrated factor near 200. The outcome that the steam generated extreme value by

concentrated parabolic trough is 8 kg/h [14].



The head line of this thesis is investigating the theoretical and experimental behavior of
the parabolic solar energy to produce the hot water and steam by fabricate a parabolic
solar collector system in Kayseri city (turkey) and use excel program to calculate the
theoretical and experimental results. In the designed tube type solar collector, it was
determined that the maximum energy theoretically is 880 W / collector and the
experimentally is 835 W / Collector obtained in the hot water mode at noon on 09th of
December, the collector efficiency was theoretically 63 % and the experimentally 57%.

In the designed collector, the direct solar radiation measured on November 20 was 0.61
kg /h steam at 616 W /m”2. While the theoretical steam produce is 0.68 kg/h. The amount
could make by two-axis collector's solar tracking system is1.107 Kg / h steam can be

obtained.

From the above studies it could make a comparison between the results values of this
study and the other previous studies results. The theoretical efficiency for both hot water
& steam generation is 63% and the experimental efficiency was 0.57 for hot water and
61% for steam generation in this study while it could note that the thermal efficiency with
Wanjun, Q., Wang, R., 2017 was nearly 50%, And with Hoseinzadeha, H., Kasaeian,
result A., 2018 was 61% to 65%, And with Hafez, A.Z., Attia, A.M., 2018 the efficiency
was 63% to 75% these results for hot water and for The steam generated efficiency with
Matteo, B., Simone, D., 2016 was 64%, and with Karima, G., Safa, S., 2019. The thermal
efficiency was 24% to 28% and it could note that for all electrical produce power system.
The above researches show that the previous studies results are within our study range

according to the specialist for varies studies factors and conditions.



1.1 Solar Radiation Introduction

The sun is the center of thermonuclear operations and generates a huge quantity of energy.
The power released by the sun is called solar energy or solar radiation. In spite of the
great distance between the sun and the earth, the amount of solar energy getting the earth

is substantial. It is the earth’s essentially natural source of energy and by a lengthy way.

The quantities of energy received at an appointed geographical site vary in time: between
daylight and night because of the earth’s turning around and between seasons due to the
earth's tropic. And at a given time it also difference in space, due to the changes in the
inclination of the solar radiation with longitude and latitude. Therefore, the quantity of
energy received at a specified site and time rely on the relative site of the sun and the
earth. This is why both sun-earth geometry and time perform a significant role in solar

energy change and photo energy systems.

The quantity of solar radiation intercepted by the earth is called extraterrestrial radiation.
As it makes its path towards the ground, it is exhausted when transit out of the
atmosphere. On average, minimal than half of extraterrestrial rays get ground level. Even
while the sky is so clear with no clouds, roughly 20 % to 30 % of extraterrestrial rays are
lost through the downward pathway. A good knowing of the visual properties of the

atmosphere is essentially to model the exhaustion of the radiation.

Role of the clouds is of essential value: visually thin clouds let a little amount of rays to
arrive at the ground. Visually heavy clouds make darkness by halting the rays downwards.

In clear sky, dust and water vapor are the major contributors to exhaustion [15].

1.2 Energy Emitted By the Sun

Any material emits electromagnetic radiation, on condition its temperature is over 0 K.
The spectral irradiation is completely specified by temperature and the emitting
characteristics of the surface of the material. The laws of Kirchhoff and Planck explain
this operation. Solar radiation is nearly that of a blackbody (i.e., an ideal radioactive body)

at a temperature of 5 780 K.



The emitted radiation extends through a very big spectrum, from X-rays to far infrared.
However, nearly 99.9 % of the radiation emitted is existent among 0.2pm and 8um and
98 % among 0.3um and 4pum. Figure (1.1) shows the spectral allocation of extraterrestrial

irradiation for the wavelength ranges [0.3, 1] pm and [0, 5] pm [15].
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Figure 1. 1 Spectral distribution for wavelengths of radiation [15].

1.2.1 Solar Constant

Solar Constant is the density of the solar radiation hitting a square meter of the Earth or
it is the density of radiation from the spherical black body, whose temperature is 57850K
and diameter is 69610° m, per square meter on a spherical surface whose radius is 150

10%m, and with the Sun located at its center [16].

(1.1)

4.1.R
4.71.D

Gse = 0. T4 ( )2 = 1367 w/m?

Where
6 =5.67 * 10~8w/m?2. T*is the Stefan-Boltzmann constant.
R= 696 -10° m is the Sun radiuses.

D=1.496 -10'! m is the average distance between the Sun and the earth.
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Diameter = 1.39 x 10°m

Diameter = 1.27 X 10’m

~ Distance = 1.496 X 10''m R
|" Lad

Figure 1. 2 Relation between earth and sun by distance and diameter. [16].

1.3 Sun-Earth Astronomy

The quantity of irradiation that arrive a specific spot at the upper of the atmosphere is
ruled by the particular astronomical status of the earth on its orbit around the sun, its

turning around its polar hub and the site of this spot on the earth.

The earth draws an elliptical orbit with the sun at one of the foci (Fig. 1.3). The
eccentricity of the earth’s orbit is so little (0.01675); this shows that the orbit is nearly
circular. The average distance among the sun and the earth is about 150 x 10°km. This
distance 1s called 1 astronomical unit (ua). The Earth-Sun distance raises and reduces
through year by near 1.7% in link to the average distance. As a result, the solar radiation
on upper of the Earth’s atmosphere is different by around 3.3% relative to the specific
average value of 1367 w/m”"2. The solar radiation outside the atmosphere for a known

day of the year (n) can be nearly in the following.

n
Gon= Gg. (1 + 0.033 cos 360° %) (1.2)
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1ua=1498 10%km

Figure 1. 3 Earth’s orbit around the sun. [15][22]

In Figure 1.3, it can be observed that the equatorial level of the Earth tends at 23.45 ° C
at the level that contains the Earth's orbit. This is equal to say that the axis of daily turning
round of the Earth transient from the poles is tilted in this angle relatively to the level of
orbit. Due to this trend, the northern hemisphere is close up to the sun in July than the

southern hemisphere.

On the contrary, the northern hemisphere is farther from the sun than the southern
hemisphere through the astronomical winter that begins in December. Summer and winter

weather are different in both hemispheres.

Finally, the daily turning round of the Earth itself leads to the thought of the average solar
day divided into 24 hours of 60 minutes each. Parameters of time (year, day, hour) are
necessary to calculate the apparent location of the sun in the sky, and therefore, radiation

at the level of the earth that can be exploited [15] [18].
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1.4 Sun-Earth Geometry — Time

The quantity of radiation reaching a certain spot in the upper part of the atmosphere is
subject to the specific astronomical state of the Earth and its role around the Sun and its
turning around the polar axis and the position of this spot on Earth. The whole solar
radiation incident is calculated on an open surface after estimating time and solar location
[15].

The various definitions below will be helpful in understanding the calculations of solar

radiation;

1.4.1 Latitude ¢

Latitude is used to show you near North or South to the equator. If you are on the equator
then your latitude is zero. If you are near the North Pole or the South Pole, the latitude
will be approximately 90 degrees.

Latitude is the measured angle in the center of the earth, among the level of the equator

and where you are. Either north or south ranges from zero to 90 degrees [19].

\1 Meridians

of longitude

\“‘ Earth

5K e
S L

805 9005 ®south pole

Figure 1. 4 Latitude angle with earth Figure 1. 5 Latitude and longitude earth

center
angles
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1.4.2 Longitude ‘L’

Your longitude appears east or west for Greenwich. East Greenwich has longitude angles
up to180 degrees east. West Greenwich places have negative angles up to 180 degrees
west. Longitude is the angle in the middle of the earth, between where you are and
Greenwich. It Can be measured either east or west and range from 0 to 180 degrees [20]

[21].

90
ongitude 12 °E
. 0
Greenwich
Longitude 30°W e S — -90

-180 0 180

Figure 1. 6 Longitude angles with green which  Figure 1. 7 Longitude and Latitude angles

1.4.3 Declination A

Decadence is the angle that arises among the level of the equator and the line that joins
the center of the earth and the sun.
The deviation ranges from -23.45° to 23.45 © which is positive through the summer and

negative through the winter.

The deviation from the nearly equation can be found for Cooper [16].

6=23.45.sin (360. 28346; “) (1.3)

Where, n is the number of day in the year [17].



Table 1. 1 Day number of the year

nforiith | Forthe Average Day of the Month
Month Day of : 3,

Month Dite Dayof Year  Declination
Jamuary | 17 17 209
Febrary BES 16 4 130
March 9+ 16 73 24
Aprl 90+ 13 103 04
May 120+i 13 135 188
June 15141 11 162 Br
Tuly 181 +i 17 198 nr
Anguat A2+ 16 m 135
September | 24341 13 138 r
October M3+i 13 288 A
November | 304 +1 14 ) 189
December | 334 +i 10 144 230

1.4.4 Hour Angle (£2)
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Figure 1. 8 Declination angles of earth

The hour angle is the sun’s angular deviation from south

® = 15" (Solar time — 12)

(1.4)

180° < @ < 180°, negative before Solar Noon

Solar time is the time used in all sun angle relations; it does not match with the local time

clock. It is needful to translate standard time to solar time by applying two modifications.

Initial, there is a constant modification of the variation in the meridian between the path

of the viewer (longitude) and the meridian on which the position standard is based. The

sun needs 4 minutes to show 1 °of the meridian.

The next modification is from the time equation, which needs into account disturbances

in the earth's turning round rate that impact the time of the sun's passage of the observatory

line. The variation in minutes between the time of the sun and the standard time is
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Solar time = standard time + 4(Lg; - Ljoc) + E (1.5)

where Lg; is the standard meridian for the local time zone, L, is the longitude of the
particular site , and longitudes are in degrees west, that is, 0e< L < 360-. The factor E is

the equation of time (in minutes) from Equation (1.6) [16].

E =229.2 (0.000075 + 0.001868 Cos B —0.032077 Sin B—0.014615 Cos 2B —

0.04089 Sin 2B)
(1.6)

Where B is found from Equation (1.7) and n is the day of the year, Thus 1 <n < 365.

B=(n1). > (1.7)

1.4.5 Sun Altitude (A)

The angle between the horizontal plane and the line joins the location with the center of

the sun (the rise of the sun). [5].

a = sin"1[(cos ¢).COS(8).COS(w) + sin(¢).sin(8)] (1.8)

1.4.6 Solar Azimuth( y)

The angle is integrated between the projections of the straight line at the location and the

centers of the Sun at the horizontal and southern scales [16] [43].

cos(6) . sin(w) (1.9)
cos(a)

y = sin™?! [
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Figure 1. 9 Sun solar azimuth (y) and altitude (o) angles

1.4.7 Incidence Angle (0) On Sloped Plane (B)

Angle of slopping surface (B) is angle among the surface and the horizontal. Incidence
angle on a surface of slope () and azimuth (y) on the latitude (¢) at a time when the
declination is (0) and the hour angle is (), is:

cosO =sind.sin¢d.cosP —sind.cosP.sinf3.cosy+ cosd.cosd .

1.10
cosf3.cosw + cosd.sing .sinf.cosy.cosw + cosd.sinf.siny .sinw (1.10)

When the incidence angle (8) of sunbeam falls on a horizontal surface it calls Zenith
Angle (0z). It is found by inserting =0 in incidence angle equation [33].
cos0z =cos¢.cosd.cosw + sind.sind (1.11)
0° < 8z < 90°

The incidence angle on surfaces with slope  due north or south at latitude ¢ is equal to
the Zenith Angle at synthetic latitude (¢- ) for the northern hemisphere, or (¢+ ) for

the southern hemisphere[16].
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cos 0z = cos(p — B).cos S .cosw + sin(b — B).sind (1.12)

cos 0z = cos(¢p + B).cosb.cosw + sin(¢p + B) .sinéd (1.13)

EQUATOR

— P e —

Figure 1. 10 Tilted surface angle (B)

1.4.8 Sunset, Sunrise & Day Length

Equation (1.11) can be solved for the sunset hour angle wg , when 8z = 90e:

cos0z = cos¢ .cosd.cosw + sin .sind

coswg = —tan¢ .tand (1.14)

The sunset hour angle w4 on surface with tilted towards the south

By (B) the equations be

Cos wg = -tan (¢ — ) x tan & (1.15)
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The sunrise hour angle is the negative of the sunset hour angle. as the hour angle increases
15°/hour, Wy can be used to define the day length, it also follows that the number of
daylight hours is given by[15][17].

N= % cos—1 (— tan ¢. tan J) (1.16)

1.4.9 Extraterrestrial Radiation

Extraterrestrial radiation Go [W/m?] is the radiation incident on the surface tangent to the
outer surface of the atmosphere. It is function of zenith angle, 6z, and refers to eq. (1.2)

& eq. (1.11) we find the relation:
Go = Ggp. cos0z. (1.17)

Gy = G (1 + 0.033 cos 360° %) (cosd .cos 6 .cosw + sind . sin 0). (1.17a)

It is a lot needful for calculation of daily solar radiation to have the integrated daily

extraterrestrial radiation on a horizontal surface, Ho this is gotten by integrating Equation
(1.17a) over the time from sunrise to sunset. If Gg is in watts per square meter (Gg. =

1367 w/m?). Ho in daily joules per square meter per day is)

24 x 3600G 360 n 1.18
Hoz%(1+0.033cos 365> (1.18)

. T[(DS - -
X (coscl).cosS.smooS + Msmcbsm&)

Solar constant: Gg. [W/m?], (Gg. = 1367 w/m?).
Daily radiation:H, [J/day.m?]
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1.5 Direct, Diffuse and Reflected Radiation

Various extinctions conclude that not all radiation arriving the Earth's atmosphere
reaching the Earth. In fact, as we shall see after that, just nearly 52% collide with the
Earth's surface. In addition, dispersion raises the fact that part of the radiation reaching
the Earth reaches diffuse radiation instead of straight radiation (or beam radiation).

Diffused radiation has no favored direction.

Straight irradiation is the irradiation that reaches the Earth's surface in a directly line from
the sun. Concentrated solar radiation systems can use beam radiation only. Non-

directional irradiation cannot be focused and cannot be used in these systems.

Another part (including diffuse radiation) is involved in non-direct radiation. This part is
not condemned to scattering, but to reflection on Earth: the reflected irradiation. It based
on terrestrial reflectivity. As defined, it is different because it is much higher in refreshing

snow compared to green grass.

Radiation on a surface in the atmosphere or on Earth is always the total of these three
components: radiation from directed irradiation diffused irradiation and reflected
irradiation. This amount is called total or global radiation.

Because concentrated solar power systems can use just direct irradiation, we will be more

interested in direct radiation than diffuse and reflect radiation [18].
1.5.1 Radiation Extinction Processes in the Atmosphere
Some mitigation effects happen when radiation crosses the atmosphere. Commonly, they

are called extinction. There are two common categories of extinction: absorption and

dispersion (to be reflected a special case of scattering)
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Figure 1. 11 Atmospheric processing extinction

The absorption known that the photon energy is processed by material. Scattering known

as the radiation deviates from the direct diffusion.

Air absorption is an operation of extinguishing radiation that decreases the amount of
solar radiation obtainable on the Earth's surface significantly. Some air components

absorb radiation from a specific spectral range.

In the top layer of the atmosphere, O3 absorbs nearly-short-wave radiation. The water
vapor is strongly absorbed in the infrared friction of the solar spectrum, and carbon
dioxide is another powerful infrared absorption agent. Because of gases, H20 and CO2,
radiation move across the atmosphere is very low at wavelengths more than 2.5
micrometers. Lastly, oxygen and nitrogen absorb radiation above the large wavelength

range.

Due to dispersion, solar radiation arrive the Earth's surface in part as diffused irradiation.
Beam radiation is not the all radiation. Scattering does not change the radiation into other
shape of energy. However, it decrease beam radiation.

Taking into account concentrated solar radiation systems, that use just beam radiation,
scattering include a good radiation loss. In addition, coming radiation is partially
propagated in space and does not reach the Earth's surface; therefore there is a real
decrease in total radiation on the Earth's surface. Nearly one-fifth of whole radiation is

reflected to the space. Clouds are the most important, as known, the most variable effects
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on the total of solar radiation that arrive the Earth's surface are the result of these

reflections, absorption and Scattering [18].

1.5.2 Air Mass

The effect of radioactive extinction on the atmosphere based on various sides such as dust
concentricity, humidity and particularly clouds. These conditions are very changeful in a
particular place and can just be specified by measurement. Another side, recognized
without any measure, but only in geographical site and time: the pathway of beam solar

radiation during the atmosphere.

Radiation attenuation bases on the last as follows: the longer path during the atmosphere
is the greater radiation attenuation. The length of the path of solar radiation from the upper
of the atmosphere to a specific site on the Earth's surface, contrariwise, would be a
function of the geographical elevation of the site and the azimuth angle, z, the angle

between the Earth's natural surface and the sun's line.

It could represent the relation as: If 0, equals 0 °, that is, if the sun is at the zenith, the
ray directs must move to the minimum possible space within the earth's atmosphere till it
arrives the surface. Conversely, if the sun is close to the horizon, the way during the
atmosphere will be so long. Depend on that, it is possible to determine a relative
measurement of the mass of air during which direct radiation crosses to the Earth's

surface.

Light must pass during the lower mass of the atmosphere if the sun is at the zenith. This
mass of the atmosphere gets the value of 1, if the site is considered at sea level. All other
potential values must be linked to the least value. For instance, if the azimuth angle is
60°, the length of the path across the atmosphere is multiplied by 2. This value is called

relative air mass or simply the air mass (AM).

The shape below illustrates the base of the Air Mass on the incidence angle of solar

radiation[ 18].
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Figure 1. 12 Long of path in air mass changing with zenith angle.

1.5.3 Estimation of Clear-Sky Radiation.
The impacts of the atmosphere on dispersed and absorbent radiation change over time
such as atmospheric conditions and atmospheric mass variable. It is valuable to describe
the standard "clear" sky and the computation of the hourly and day radiation received on

a horizontal surface over these standard conditions [16].

1.5.3.1 Beam Radiation

Atmospheric permeability in the beam is the proportion of direct radiation transmitted to
the whole radiation incident at the upper part of the atmosphere. In (1976) it found a
method represented for assessment beam radiation sent during a clear cover that takes
into account the zenith angle and height of the standard envelope. Atmospheric

transmittance of beam radiation Ty, is (Gp/Gp) and is given as follows:

_Gp _ -K 1.19
rb—G—O—a0+31 exp (cosez) (1.19)
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The constants (a, +a4), and K for the standard atmosphere which are given for high less

than 2.5 km by

ap, = 0.4237 — 0.00821(6 - A)? (1.19. a)
a, = 0.5055 + 0.00595(6.5 - A )2 (1.19.b)
k= 02711 + 0.01858 (2.5- A)? (1.19.0)

(A)The altitude of the observer in kilometers. The clear-sky beam normal radiation is then

Refer to Eq.1.17 the beam radiation can calculated as[16].
Gp = Tp. Ggp. COS Oz (1.20)

Gg = 0.271 — 0.294 .1, (1.20a)

1.5.3.2 Diffuse Radiation

Atmospheric permeability of diffuse radiation is the proportion of diffused radiation
transferred to the whole radiation incident in the upper atmosphere. It is needful to
assessment the radiation diffused in the clear sky on a horizontal surface to obtain the
whole radiation. In (1960) it could developed an experimental relation between radiation

transfer coefficients for beam and diffused radiation in clear days [16].
G
Tg= 2= 0.271-0.294 7, (1.21)

0

Gq = 14. Gop. COS Oz (1.22)
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1.6 Concentrated Solar Thermal Energy Introduction

In 212 BC,, it is said that Archimedes has used mirrors for the first time to concentrate
the energy of the sun's rays. In 1615 it could invented a tiny solar powered engine which
was a first registered machine application of solar energy. Its body component of glass

lenses, a support structure and a metal container containing water and air.

A small water jet was produced when the air was heated and expanded through process.
In the 1860s, it was suggested the thought of solar powered steam motor. In the next two
decades, he with his assistant, construct the first solar powered motor and used it in a
different applications. These engines have become the ancestors of modern parabolic

collectors of solar focused applications.

These inventions established the basic of modern concentrated solar technology. With the
drive to sustainable energy introduction and the growing awareness of the need to
decrease carbon dioxide emissions, renewable energy resources have become an raise

significant element in the global energy stability.

CSP systems have the possibility to take place the traditional fossil fuels. It will also help

alleviate the potential impacts of climate change.

In CSP systems sunlight concentrated through visual devices. These concentrated rays
produce heat that could be used either to produce vapor and electricity or to move
chemical reactions. Nevertheless, since electricity is one of the major energy carriers in
the world, electricity production is probable to be the primary application to become
commercially applicable. Additional research and progress actions will play a key role in

introducing this knowledge into the market [23].

Solar radiation, which reaches the Earth's surface, is a vital source of renewable energy.
In a general view, solar radiation, which is consisted of photons, can be changed into

electricity through photovoltaic or (CSP) systems.
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This theory is focused just concentrated solar power techniques that use mirrors or visual

lenses and focuses the sun ray to produce a high energy density and temperature grade.

These sorts of systems can just work with beam solar irradiation, so they are more likely
to be used in regions where there are little clouds since other photovoltaic technology will
fit better. The concentrated solar power component is four major subsystems, inclusive a
focus system, a solar receiver, storage and / or additional fire (as a backup system) and a

power block.

These subsystems are connected to each other by the transfer of fluid or radiation. The
role of the solar receiver is to absorb focused solar energy and convert it to a heat transfer

fluid (HTF).

The power block receives a rise temperature heat from the (HTF) and the storage tank
storages solar heat coming from the transfer fluid. A scheme of the sub-systems of a

concentrated solar plant as show in Figure (1.13).

Storage l !

C ti
oncentrating :> Solar Receiver :> Power Block
System

Back-up
System

Figure 1. 13 The CSP plant parts and sub-systems.

Recently, there are four main families in concentrated solar power techniques, that could
be classified by the method of concentrating sunlight and the technology used to receive

solar energy.
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Of the four current CSP techniques used to concentrate and collect sunlight to convert to
heat, these CSP techniques are classified into two groups: those that concentrate on one-

line sunlight and those that concentrate sunlight to a point, as shown in Fig. (1.14).

Concentrating
Solar Power

Line Focusing /\ Point Focusing

Parabolic Trough Linear Frensel Central Tower Parabolic Dish
Collectors (ptc) Reflectors (LRS) Receiver (CTR) Collector{PDC)

Figure 1. 14 CSP Types technology.

The main specifications of the four concentrated solar radiation technique shows in Figure
1.2 are characterize in Table 1.1, to better illustrate and highlight the main variation in
processing temperature range for each technologies, present related costs, ripeness level,

and concentration ratios [24].

Table 1.2 Description of CSP technologies

Technology Working Focusing Ratio Technology
Temp. range(°C) ratio cost maturity
PTC 50-400 15-45 Low Very mature
LFR 50-300 10-40 Very low Mature
CTR 300-2000 150-1500 High Most recent
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1.7 What Is Concentrated Solar Power?

The classical virtual thesis predicts that the parallel ray beams with a spherical mirror axis
will reflect the mirror and cross during the mirror sited at an R / 2 spaces from the mirror,
where R is the mirror radius. The energy of the entire accidents captures light rays at this
stage, with an effective focus of photovoltaic energy. This focus generates heat, thus the
name: concentrated solar power energy. In short, CSP systems use various mirror /
reflector arranged to convert the sun's energy into high-temperature heat. This heat could

be used straight or changed into electricity. The main components of a CSP system are:

e The Solar Collector Field: These are a set of mirrors or reflectors that are
collected the solar radiation and concentrated on the solar receiver. The fields are
generally used in square meters which mean the surface area of the group, not the
land use area.

e The Solar Receiver: The solar receiver is fraction of a system which converts
solar radiation to heat. Occasionally this receiver is an integral fraction of solar
collector area. The fluid of heat transfer, usually water or oil, is used in the solar
receiver to transport the heat to the energy transformation system.

e The Energy Conversion System: The last component of the system changes heat

into serviceable forms of energy, in the figure of electricity or heat.

The medium level of solar energy obtainable on the Earth's surface can be focused many
times using CSP systems. The effectiveness with it this radiation can be changed into
thermal energy based on a group of visual efficiency and heat conversion efficiency. The
visual efficiency of the system is described by the accuracy of the reflective figure of the
solar collectors. Thermal conversion efficiency is described by the physical properties of
the solar receiver to change solar irradiation to thermal energy. Visual efficiencies up to

98% were accomplished with heat conversion efficiency between 70% and 95%.

In concentrated solar power systems that produce electricity, concentrated heat is used to

generate vapor, either directly or indirectly that is then used to generate electricity. The
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efficiency of this system, from solar to electricity, depends on the group of radiation,
thermal efficiency and efficiency of the vapor cycle.

Concentrated solar power systems moreover could be used in chemical operations, for
instance hydrogen or metal producer where concentrated solar radiation is used in direct

way as heat resource [23].

1.8 Distribution of the Solar Resource for CSP

The major variations in direct sunlight obtainable from one site to another happen from
atmospheric composing and weather. Direct normal insulation (DNI) is generally found
in arid and semi-arid areas with clear and dependable skies, normally located at latitudes
of 15 to 40 degrees north or south. Nearer to the equator, the weather is commonly so
much cloudy and rainy in the summer, and at top latitudes the weather is so much cloudy.
(DNI) is also much better at high altitudes, where the absorption and dispersion of
sunlight is very lower.

Therefore, the main suitable areas for concentrated solar power sources are in North
Africa, South Africa, the Middle East, Northwest India, the Southwestern United States,
Mexico, Peru, Chile and the western part of China and Australia.

The Other regions may be convenient involve southern most of Europe and Turkey, and
other sites in the southern United States, Central Asian countries, places in Brazil,
Argentina, and other parts of China.

Current attempts to specify DNI source worldwide are depend on satellite information
(Figure 1.15). Nevertheless, accurate measurements could just be accomplished through
ground monitoring; satellite outcomes should as a result be measured with ground

measurements to make certain accuracy [25].
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Figure 1. 15 Resource of Solar for CSP technologies (DNI in kWh/m?2/y).

Unlike sister photovoltaic technique, concentrated solar heat needs a straight line of light
to the sun to work at maximum efficiency. Global solar radiation involve of a range of
direct and diffuse radiation. Solar thermal power plants can work only by beam radiation,
whilst photovoltaic technique could use both direct and indirect radiation. The full use of
CSP technology is limited to geographical location where yearly beam radiation levels
are rise; the so-called solar belt area, where the yearly horizontal radiation levels range

among 1800 kWh / m? and 2500 kWh / m? (Figure 1.16) [23].
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Figure 1. 16 Viable Economic locations for CSP

Although "sun belts" on the ground are comparatively tight, the technological possible of
CSP is enormous. If completely developed for CSP applications, the possible in the US
Southwestern states will match the electricity supplies of the whole United States many
times. The Middle East and North Africa possible will cover up around 100 times the
present consumption in the Middle East and North Africa and the European Union joint.
Shortly, the CSP will be mainly able to generate sufficient carbon, electricity or low-
carbon fuels to match global request. Nevertheless, the main challenge is that request for

electricity is not all time near the best energy collaboration program sources [25].

1.9 CSP Energy Production Technologies
Currently, there are four main CSP technology families, that could be classified by the

method they concentrate the sun’s rays and the technique used to receive the sun’s energy

[25].

1.9.1 Parabolic Trough Collector Technology

PTC collectors contend of solar collectors (mirrors), heat receivers and support structures.

Mirrors are formed in an equal shape by forming a reflective sheet of reflective substance
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into parabolic form that focuses the incoming sunlight on a central receiving tube in the

focal line of the collector.

Mirrors arrays can be 100 meters (m) long or longer, with a curved aperture of 5 m to 6
m. A single axis tracking mechanism is used to direct together solar collectors and heat
receivers towards the sun. This system is commonly installed align north-south and

follows the sun as it transfer from east to west to make the most of energy collection.

The receiver consists of the absorption tube (usually metals) inside an evacuated glass
cover. The absorption tube is usually a coated stainless steel tube, with a spectral selective
layer that absorbs the solar radiation well, but emits so little radiation. This assists to
decrease heat losses. Glass evacuate tube is used as it assists to decrease heat losses.

The heat transfer fluid is transported through absorption tubes to accumulate solar energy
and convert it to the vapor generator or to the heat storage system, if exist. Greatly of the
existing parabolic troughs uses artificial oils as (HTF), which is fixed up to 400 ° C. New
plants are used under the exhibition of molten salt at 540 ° C either for heat convey and /
or as middle for thermal storage. High-temperature molten salt may significantly proof
thermal storage action.

Parabolic trough is the most mature of the CSP technologies and represent the frame of
the present commercial plants [23].

In this system, the tube receiver is placed along the focal line of all reflectors in all
parabola reflector form. The tube is installed on the mirror structure and the heat transfer
fluid flows through and outside the solar mirrors field to where it is used to generate the
vapor (or, in the case of the water / steam receiver, it is sent directly to the turbine) (Figure

1.17, 1.18).
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Figure 1. 17 PTC power plant. Figure 1. 18 Collectors Field of PTC plant.

1.9.2 Linear Fresnel Collector Technology

Linear Fresnel collector (LFCs) is similar to parabolic trough collectors, but use a series
of long flat or little bend mirrors arranged at various angles to focus sunlight on two sides
of a constant receiver (install on some meters over the mirror field). Any line of mirrors
is supplied with a left unidirectional tracking system and is improved individually to
insure that the sunlight is continuing focused on the receivers. The receiver is provided
with a long selectively-coated absorber tube.
Unlike the collectors of trough parabolic, the Fresnel collector's focal line is distorted by
astigmatism. This needs a mirror over the tube (secondary reflector) to relocate rays that
loss the tube, or many parallel tubes form a multi-tube receiver wide enough to get most
of the concentrated sunlight with no secondary reflector.
The important advantages of linear Fresnel CSP systems compared to parabolic trough
systems are that:

e LFCs are able to apply cheaper flat glass mirrors that are a standard product

usually.
e LFCs need fewer steel and concrete, since the metal support frame is lighter.
e Wind forces on LFCs are minimal, out coming in better frame static, decreased

visual losses and less mirror-glass damaged.
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e Mirror surface for one receiver is higher in LFCs than in PTCs, so that is
important, and it makes the receiver is the most expensive component in both PTC
and in LFCs.

These advantages must be balanced with the fact that the visual efficiency of the LFC
solar fields (in reference to direct solar irradiation on the cumulate mirror aperture) is less
than the PTC solar fields because of the LFCs' engineering properties. The trouble is that
the receiver is constant and when the time is morning or afternoon the efficiency of PTC
is higher than LFC.

In spite of these holdbacks, the relative simplicity of the LFC system makes it perhaps
cheaper to produce and install than PTC CSP plants.

Nevertheless, it stays to be seen if costs per kWh are chipper. moreover, given that LFCs
are usually suggested to use direct steam production, addition thermal energy storage
seems to be high expensive (Fig 1.19, 1.20) [23].

The challenging of design a cost efficient collector system is to warranty the demand of
visual and mechanical quality of the subsystems like primary mirrors, tracking system
and secondary reflector is cheapest. These quality sides have to be concerned not just

through design stage but also through building on site[26].
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Figure 1. 19 LFCS power plan. Figure 1. 20 LFCS platform solar reflector.
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1.9.3 Solar Tower Technology

Solar tower techniques use a range of ground mirrors to concentrate the direct solar
radiation on a high receiver installed on a central tower where the light is collected and
changed to heat. The heat leads to a thermodynamic cycle, and in most states a water
vapor cycle, to produce electricity. Solar field has contained a large number of mirrors
that are controlled by the computer, known as heliostats which track the sun automatically
in two axes.

These mirrors reflect sunlight on the central receiver at the area of the liquid heated. Solar
tower could make temperatures higher than the PTC and linear LFC systems. Since extra
sunlight be able to focus on one receiver, thermal losses can be reduced at this point.
Present solar towers use molten salt or water / steam to transfer heat to the heat exchanger,
steam turbine system. based on the design of receiver and processing liquid, the maximum
working temperatures be able to range from 250 ° C to 1000 ° C most likely for future
plants, even if temperatures about 600 ° C will be standard with present designs of molten
salt.

The normal size of today's solar tower technology plants domain from 10 MW to 50 MW
and the size of the solar field in demand increases with desired of yearly electricity
production, that leading to greater space between the receiver and the external mirrors of
the solar field. This out coming in increased visual losses because of atmospheric
absorption, inescapable angular mirror deflection caused by imperfections in mirrors and
minor errors in mirror tracking.

Solar towers are able to use artificial oils or molten salt for heat transfer liquid and a
storage middle as well to stockpile heat energy. Artificial oils restrict the working
temperature to nearly 390 ° C that leads to restrict the efficiency of the steam cycle. It
could increase the possibility of working temperature by use a molten salt to range
between 550 and 650 ° C, which are sufficient to let higher efficiency supercritical steam
cycles, even if the highly cost for these steam turbines perhaps a restriction. Instead of
that it can use the direct steam generation (DSG), which is abolished the requirement and
cost of heat transfer liquid, however this technique is at the early step of development and
storage notion to use with the DSG yet require to be verified and avoided.

Solar tower has many advantages that perhaps make it become the favorite CSP

technology. These advantages are:
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e Higher temperatures may be permit higher efficiency in steam cycle and decrease
water use to cool the condenser.

e Higher temperatures make using heat storage energy better to fulfill a schedulable
power production.

e Higher temperatures let more temperature variance in a storage system, decrease

costs or permitting higher storage to the equal cost.

The main advantage is the chance of using thermal energy storage to increase power
factors and let an elastic generation strategy to increase the amount of electricity produce,
furthermore fulfill higher efficiency grades. referring to that and other benefits, if could
decrease the costs and operating expertise earned, solar tower most probably to fulfill a
big ratio of the mart for the future, although PTC systems have dominate the mart yet.
Solar tower technology still under demonstration, but in the long run it could supply less
cost electricity than trough and dish systems (Figure 1.21, 1.22) [23].

The choice of heliostat material is an important side for designing a power plant. The
huge mirrors represent nearly 50% from the whole system costs, and should be highly
reflective and high performance, lightweight, simple to clean and anti-erosion. Many
ways suggest to cleaning heliostat like use of pressurized air / water pressure according

to different environmental situations [27].

Feedw:}'\, /

Reheater

Electricity Steagndenm

- -~ Recelver
Y . g =
)

[ -y
Generator {jzé‘-r/ :;/{—'/{/(“ A
‘ ) ¢
D
Steamn drum i /a;ﬁ" ~ /’{
A7 57
E I J ‘{_!_/Helinsta:s

Figure 1. 21 Solar field of tower plant. Figure 1. 22 Solar field of tower plant.
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1.9.4 Stirling Dish Technology.

Parabolic dish—stirling system is the one of the CSP technology which has evolved for
applications that let to get high temperatures focusing the radiation in a concentrate (P
DS) system follows the sun and concentrate solar energy in the cavity receiver, so the
receiver absorbs the energy and convey it to a heat engine/generator that produces
electricity[30].

This system includes of a parabolic dish form focusing (as a satellite dish) which reflects
beam solar radiation to a receiver at a dish focus. Receiver perhaps is a Stirling engine or
a micro- turbine. Stirling systems need sun to be followed in two axes; however a high
energy focus on a one dot be able to get great temperatures.

Most study now concentrates of using Stirling engine joint with generator part, placed in
center of the dish, to change thermal energy to electrical energy. Recently two sorts of
Stirling engines are used: Kinematic and Piston Free. Hydrogen used with kinematic
engine as a liquid of working and it has upper efficiency than free piston. Helium used
with Piston free without make friction through working, therefore needing maintenance
is less.

Most important advantages of Stirling dish technique are the following:

e Position of generator - in general, to any dish in the receiver — works to decrease
the losses of heat, that leads to the particular ability of dish-generating is little,
highly modular (usual sizes between 5 to 50 kW) and are appropriate to allocation
generation.

e Stirling dish technology is able to doing extreme efficiency among the kinds of
CSP system.

e Stirling dish works with small and dry cooling system or cooling tower lets CSP
to supply electrical power in arid regions.

e A "Stirling" dish can be placed, due to the fact that it is stand-alone, on slopes or

terrain, unlike the solar tower, PTC and LFC.

The above advantages leads to Stirling dish technologies can match a high economically

value several areas, despite a low cost of electrical power, it seems to be higher than other
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CSP technologies. One aspect is the costs; other is the challenge of this technology is the
difficulty of use storage. Stirling dish remains in the early stage and the product cost still
uncertain. Because of its small size and high ability to extend , stirling can be the other

option to solar photovoltaic in dry locations (Fig 1.243, 1.24) [23].

Figure 1. 23 Dishes/engines power plant ~ Figure 1. 24 Structure of dish from both

sides.

1.10 Storage Systems

The main idea of using thermal energy storage is to expand the hours of electrical
production in CSP plant. The solar field of The CSP plant is bigger than is demanded to
let the steam turbine works with maximum capacity. The surplus heat produced through
a shining hours in a day is transmitting to storage that able to be used then in the day to
match the request of electric power what time sunset.

According to how large the solar field is compared to the turbine capacity, the thermal
storage capacity able to expand working time of the CSP plant some hours when sun
shutdown to 24 hours, running the base load [29].

The integration of thermal storage systems in CSP plants enables improved energy system
efficiency, amendment of variation between active generation and the demand, enhanced

energy discharge by this kind of plant, so simpler integration of electric power net [24].
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Many thermal energy storage techniques are examined and executed which have
involved: a direct two-tank system and an indirect system for two tanks and the system

of cline thermo single-tank.

1.10.1 Two-Tank Direct System:

Solar thermal energy is stored by these systems in the same liquid operating to collect it.
Liquid uses d in two tanks — the first in low temperature and second in high temperature.
Liquid moves from low-temperature tank during solar collectors which are heated to
maximum temperature before returns back to high storage tank. Liquid moves from a
high temperature tank into a heat exchanger, when produce the steam to generate the
electrical power. The fluid leaves heat exchanger in low temperature then come back in

low temperature tank as shown in (Figure 1.25).
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Figure 1. 25 Direct two-tank power plant.

1.10.2 Two-Tank Indirect System:

This system works similarly manner like the two direct systems of the tank, excluding for
the use of various liquids like heat transfer liquid and storage. Utilization of these systems
is just in plant which liquid of heat transfer is high cost or unsuitable to work with storage

liquid.



39

Storage liquid runs from low temperature tank into an additional heat exchanger, heated
with high temperature of the heat transfer liquid.

The heated liquid then runs back to storage tank at high temperature. The liquid leaves
heat exchanger in low temperature then comes back to solar collector field to reheat again
to high temperature. Storage liquid starts from the high temperature tank to produce steam
in similar way as the direct two tanks system. An additional heat exchanger is needed in
the indirect system and that lead to extra cost to the plant. This system normally used oil

for heat transfer liquid and molten salt in storage tank as  (Figure 1.26).
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Figure 1. 26 Indirect (two-tank) storage system.

1.10.3 Single-Tank System:

Thermal energy is stored in this system by a solid middle — usually silica sand - found at
the single tank. In every time through working, part of the middle is on high temperature
while the other part of it is on low temp., Hot and cold temperature zones are detached
with temperature slope. Heat transfer liquid which is heated in high temperature influxes
in upper thermal layer and leaves from floor in low temp., this operation shifts thermal
slope down so increases thermal energy for the system to storage. The flow inversion
changes thermal chromatography upper so take off thermal energy from the system to

produce steam and electrical energy.
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The solid storage middle with one tank let this system cheaper than the other two tank
systems (Figure 1.27) [30] [24].

Solar Field =
‘Y Solar Steam Turbine
Superheater
Boiler —
(optional)
Condenser
1-Tank Thermooline Storage
Fuel
Steam
Generator
Solar
Preheater Low Pressure
< or Preheater

Solar
Reheater
Expansion
e - Vessel
-

Figure 1. 27 Single-tank storage system.




CHAPTER 2

MATERIAL AND METHOD

2. Thermal Performance of Parabolic Trough Collector

In order to understand the performance and efficiency of compilers, we need to study
some of the parameters and formulas of the theoretical and experimental sides and analyze
their relationship and compare the results obtained from both sides to find the appropriate
design and obtain more information about the appropriate conditions that must be met for

high efficiency of the collector Somewhere.

2.1 Theoretical Thermal Performance of (PTC)
In this section, the thermal performance of PTC is studied with some parameters and
formulas, then the results will be analyzed to understand the efficiency of the
assembler's performance in theory.
2.1.1 Collector Geometrical Calculations
The collector parabolic trough is curve has a cross-section figure like a part of parabola.
For high accuracyj, it is a similar section of a parabola about its top head. And it has focal
line that contains focal points of parabolic sections. The beams Radiation which come in
the plane parallel to the visual plane are reflected to the path which it passes during the

focal line as shown in figure (2-1).
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Figure 2. 1 Path of reflected parallel rays in parabolic.

To can describe a geometrically parabolic trough, the parabola should be specified,
parabola cross section with several variables worked to recognize the form and volume
of the parabolic trough must be specified: trough length, focal length, aperture width and
rim angle.

The first step to design the collector is to select the dimensions of the collector which
represent the aperture dimensions (width and length) [31].

The aperture is the opening from it solar radiation enters the concentrator. The aperture

area Ag,, is calculated as the product of the aperture width w and the collector length L:

Agp =W . 1

There is an important cause to choose a parabolic concentrator. Because of the long
distance from the sun the rays which arrive the concentrator it will be parallel to its axis.
The bending surface of parabolic will concentrate whole the rays to a focal point, a trough
usually expands the shape with three dimensions to extend focal point to a focal line.
Along the focal line a receiver is installed. Eq.(2-2) shows the significant link between

the width and depth, and Eq.(2-3) is used to calculate the focal point as shown below [32].

w 2.1)
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fo W (2.2)

To determine the focus dimension it is needed to specify the depth of collector trougha.
And width of the collectorw, as shown in figure (2-3). Then start to calculate the focus
length from the equation (2.3).All dimensions that determined like lengthl, width w and
the depth collector trough a are specified experimentally according to make the suitable
design with the space available and the cost of the module.

At this point it is possible to draw the shape of the collector by use auto cad program

with the formula as drawing (2.2).

Figure 2. 2 Cross section parabolic collector profile.

The other important parameter which it could specify the shape of collector is the rim
angle y is the angle between the visual axis and the line connected the focal point with
mirror edge as shown in equation (2-3).

It has special properties which it alone could specify the cross-section form for parabolic
trough. It means the parabolic troughs with the same rim angle have similar geometrically

cross-sections by a regular scale (enlarging or shrinking) [31].
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w/2 (2.3)
f—a

Y = tan" 1.

aperture
width

height

Figure 2. 3 Variation of parabolic curvature and focal distance for fixed aperture.

It is important now to get one of the significant collector variables it is concentration ratio.
This is crucial for the potential working temperatures for parabolic power plant that it
could raise working temperature by raise this ratio. this ratio can describe as influx radiant
intensity on the focal line, relative to the beam radiation enter the collector aperture .and
normally it can used the ratio between aperture area to receiver area which is the area

concentration ratio [31] [43].

C= Ay _ al _ a (2.4)

The system and Collector parameters can show in the table below
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Table 2. 1 Show the collector and system parameters

Parameters

Value

Collectors dimensions

W=2m, L=2m

Absorb diameter

inside = 0.027 m, outside = 0.031

absorbance the absorber a

COVER diameter 0.05
Rim Angle 70
Concentration Ratio 10.6
Receiver Emittance () 0.1
Cover Emittance (€c) 0.88
Inside Temp. (Ti) 45¢ =393k
Ambient temp. (Ta) 10¢ =293k
Heat transfer coefficient inside the tube (hfi) 300 w/m. ¢
Conductivity of pipe receiver for st.st. pipe (k) 16 w/m. ¢
Reflectivity of the reflector (p) 0.85
Mass flow rate (mh) 0.05 kg/s
Specific heat with constant pressure (cp) 4180
the tilted angle (B) 15°.
surface reflect p 0.8
transmittance glass cover t 0.95

0.9

2.1.2 Collector Solar Radiation Calculations

In this section, solar radiation is calculated theoretically according to the equations in

Chapter (1). And make changes that would be appropriate with the experience

circumstance. The results are used to calculate the heat gain and the total amount of

steam that the collector must theoretically receive in this experiment.
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In our experiment, the collector is installed directly to the southward direction of 15
degrees with the polar axis of the Earth to the south, which means that it needs to use
the angle of the whole slant () in the equations.

Because the increase in heat in this method depends on the concentration of solar
radiation energy (CSP), which depends mainly on beam radiation only because the diffuse
radiation is not included in the calculations which means that the permeability
calculations in the atmosphere must be used to obtain beam radiation Ty, in the equation
to obtain Accuracy results from collector performance. First the solar radiation
calculation should be done solar radiation (Gj) which is used in thermal gain equations.
The amount of heat gain per hour is then calculated to be used to calculate compound
efficiency.

To calculate the instance solar beam radiation (G ) on the experimental collector and refer

to Eq. (1.17a), (1.12), (1.22) it can used the eq. below

n
Gy = ToGsc- (1 + 0.033 cos 360 7). (cos(d (1.6)

— B).cos d.cos w + sin (¢ — B).sin J).

The solar constant, Gg. = 1367 w/m?.

The atmospheric transmittance for beam radiation Ty, is given form Eq. (1.19)

cosez)

Tp, = agtag exp (

The constants (2 ,a;) and K for the standard atmosphere are given from equations.

(1.19a), (1. 19b), (1. 19¢)

a, = 0.4237 — 0.00821(6 - A)?

a, = 0.5055 + 0.00595(6.5 - A)?

k= 02711+ 0.01858 (2.5- A)?
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Where (A) is represent the altitude of the observer in kilometers. The altitude for Kayseri
city is 1054 m and it is used 1.054 km in this equation.
The number of the day in year (n) is represented the day of the experiment and refers to

table (1.1), n = 324.

cos 0z = cos(p — B).cos b .cosw + sin(d — B) .sind (1.12)

The latitude angle (¢p)for Kayseri city is 38°43’ 55’ N and it is used in this eq.
(38.732)N.

The angle of tilted surface (B) is represent the slop of the collector in this experiment
which is tilted to south with 15°.Thus the tilted angle (B) = 15°".

The declination angle (6) can find from eq. (1.3) with table no. (1.1), number
of day= 324.

§=23.45 .sin (360.

284 + n)
365

The hour angle (w) for Kayseri city can find it out from the equations eq. (1.4), eq. (1.5),
eq. (1.6), eq. (1.7)

® = 15" (Solar time — 12)

The solar time for Kayseri city can find from eq. below

Solar time = standard time + 4(Lg; - Ljoc) T E

The Standard time for Kayseri city which is same of turkey is (+3)

Where Lj,. is the longitude of the local standard time meridian of Kayseri and turkey is

45°
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WhereL; is the longitude site of Kayseri (35°29’ 07°E) and it is used in this eq. (35.485
E).

E is the adjustment equation of time (in minutes) from eq. bellow

E =229.2 (0.000075 + 0.001868 Cos B —0.032077 Sin B
—0.014615 Cos 2B — 0.04089 Sin 2B)

Where (B) is found from Equation bellow and (n) is number day of year.

360
B = (Il-l) ﬁ
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2.1.3 The Collector Heat Losses

Heat losses are significant variable that could influence in direct way at collector
efficiency. decreasing the Heat loss of parabolic solar collector is crucial since it will
raise the collector efficiency .when the solar energy resource transmit to the absorber
surface of collector, it increases the absorber surface temperature higher than the ambient
temperature. That is lead to begin heat loss process from receiver like each heated surface
with temperature more than ambient temperature. The mechanisms of losses are

convection, radiation and conduction.

In our study the annulus gap is evacuated therefore the heat transfer Convection can

neglected between the cover and receiver.

First of all it is needed to find the heat losses (Q;,ss) then it can find the heat losses

coefficient (U;) which is important in the heat useful equation.

The receiver used in this experiment is a compound of stainless steel receiver tube with
40 mm diameter covered by glass cover with 60 mm diameter and 4 mm thickness and
the glass evacuated to reduce the heat losses transferred. This tube receiver is designed to

increase the heat radiation absorbed and decrease the surface emittance.
Equation (2.5) can be adopted to calculate the heat lose assuming that the temperature of

the glass cover is the same as the ambient temperature. And the equation can be written

as

m.D.. L. o (T,* = T,*) (2:5)




50

The heat loss coefficient (based on receiver area) is found from the definition given by

Equation (2.6) [16] [36].

_ Qloss (2.6)
n.D..L.(T, = T,)

UL
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2.1.4 The Collector Heat Gain and Theoretical Efficiency.

Average useful gain of heat (Qu) is the amount of thermal energy that is absorbed in the
tube by the flow fluid. The difference between absorbed solar radiation and heat loss is
the beneficial energy output of a collector.

In this section, many equations are used to get the heat useful of the collector by make
balancing between the optical absorbed heat and thermal heat loss. Then it is need to
identify many important properties that have a direct impact on the collector performance.
After that it could compare the results with actual heat gain by the collector in the
experiment to assess the efficiency of the collector. The main equation explain this

description eq. (2-7) [16][38] [39].

Ar 2-7)
Qu = Aap . Fr ls - A_UL(Ti 4 Tamb)]
ap
The outside surface area of the tube receiver can get by

The aperture area can get as the following
Ayp =W. L

The absorbed radiation by receiver per unit area (S) is get from the direct solar radiation.
Nevertheless, this solar source is decreased via many losses since it moves from collector
aperture to the receiver. The amount of optical energy that arriving to the receiver is the
result of the solar source that influx multiplied by many factors that reflecting collector
surfaces, part of radiation of reflected is intercepting by the receiver that is called intercept
factor(y), absorbance of surface receiver, glass cover transmittance , all less than 1.0 this

decrease represent as the following[35] [16] [43].

S=Gp p.y.-T. (2-8)
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The beam solar radiation ( G,) can used it from eq. (2.6) as the date and time of the
experiment.

The other important factors that are need to get in this equation are F', FR.

Collector efficiency factor (F'), define as the rate of the real useful energy earning to the
useful energy that could result if the collector absorbing surface had been at the local fluid
temperature[43].

The collector efficiency factor raise when there are raise in both convection heats transfer
coefficient and thermal conductivity while it reduces when raise the overall heat loss

coefficient [16] [37].

The collector efficiency is given as

1 /Ul (2.9)

L 4 Do (Do} ,Do
o " By Di+<2KlnDi)

F' =

Collector heat removal factor (FR), is represent the traditional heat exchanger activity ,
which is describe the rate of the real heat transfer to the highest potential heat transfer.
The extreme possible useful energy gain in a solar collector happen when the entire
collector is at the inlet fluid temperature and the heat losses to the circumstance at the
minimum[43].

When mass flow rate in the collector is raise, the temperature into collector is reducing.
This makes fewer losses because the medium collector temperature is less and there is a
raise in the useful energy gain. This raise is reflected by boost in the collector heat

removal factor FR because the mass flow rate boost[38] [39].

The collector heat removal factor is highest possible while the useful energy gain

equivalent to the real useful energy gain Qu. and it is representing as:

Fom 250 [ 1 g (- e e
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It is suitable to describe the collector flow factor F" as the ratio of FR to F' Thus

w_Fr_ _mGCp [ _ (_ Ar U F’)] (2.10a)
F F' F'.A.. U 1—exp m.Cp

The final step in this item to estimate of collector performance is measuring the collector
theoretical efficiency, which is describe as the rate of the useful heat gain by collector

from equation (2.7) to the incident solar energy from experiment device [40][41].

The theoretical thermal efficiency is writing as

n.,. = Qu,th. by col. (2.11)
th Ac . Gb

A
Aap - FR|S= S UL(Ti~Tamp)|

Aap-1hGsc .(1+0.033 cos 360 %).(cos(q)—ﬁ).cos d.cos w+sin (¢—P).sin d)

Nen =

(2.12)

2.1.5 The Collector Steam Generation.

At this stage, the amount of steam that can be obtained from the collector used in the
experiment must be calculated. Before this step. The heat useful increases the temperature
of the liquid (water) inside the collector until it reacts the water boiling temperature under

pressure (0.1 map), then in this case the heat useful will change the state of water to steam.

The same way of calculate the heat gain will be used to find the quantity of the steam that

can get it from the collector by the following.
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At the first time, it should calculate the heat useful from the equation (2-7). Then it must
note that in this case the collector removal factor should not take in the calculation
because there is no gradation in temperature inside the collector and the water in the
collector is equal in all parts, that mean only the efficiency collector factor can use in heat

gain equation (2-7) and it can written as[16].

FR=FI

(2.13)

Qu =Aap.F, [S_Aa

Ar
b UL(Ti - Tamb)

From the vapor charts it must find the heat enthalpy of the water (hy), (hg) at temperature
99.6 c”and (0.1 Mpa.) pressure, and find the heat gain from eq. (2.11) then find the

theoretical quantity of the steam as equation below

" _ Qu (2.14)
steam,th. hg _ hf

2.1.6 The Calculation by Excel Program.

The final section of the theoretical part is to make an excel program that do the
calculations automatically by use the equations which mentioned in this research. This
program can divided in three main sections classified according to the required
procedures.

The first one used to calculate the beam radiation reach to the earth per one square meter
and include all the equations and information regarding to this subject as shown in the

figure (2-4).
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THE BEAM RADIATION CALCULATIONS

05 Zenth angle The declination angle (5)]The hour angle

The adjustment time The atmosphere factors

Figure 2. 4 The beam radiation calculation.

The second section of this program is to compute the collector heat useful, the collector
theoretical efficiency and the amount steam that could get from the collector as shown in

figure (2-5).
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Time 5= absorbed raJ ambent Ten|inside temp. |D=aperture §Q= heat useful gain [Aa=ape|FR= collectorjAr=reci|UL=losses
time S$= absorbed radiation § ambent temp(k) | inside temp.(k) |D=aperture lengt§Qu = Aa*FR({S-(Ar/AaPUL(Ti-Ta)] Aa=D'L FR=F"F" Ar=n*d*L [UL=QLNAr(Ti-Ta)
08:00 38.65336794 274 275 2 1540158567 4 | 0.996898446 |0.16956]0.698516271
09:00 156.4448242 275 276 2 623.6078221 0.996864532 | 0.16956 0.706178156
10:00 2781169964 77 278 2 1108.78163 4 | 0996795969 |0.16956]0.721669601
1:00 3715731358 279 282 2 1480.996795 4 | 099889119 |0.16956| 074534794
12:00 424,3490767 280 292 2 1689.839224 4 | 0996491969 |0.16956]0.790382359
13:00 430.9402211 282 299 2 1715.04262 4 | 0996322855 |0.16956 0.828625145
14:00 390.7049148 282 305 2 1553.567435 4 | 0996205625 |0.16956| 0.855142707
15:00 3271129015 282 34 2 1208.405081 4 | 0.998023787 |0.16956| 0.896286788
16:00 192.0050637 281 36 2 759.6219268 4 | 0.998001619 |0.16956/0.901303762
A7:00 67.16633855 279 3 2 262.9289852 4 | 0996141986 |0.169560.869540409
hour WimA2.Sec. K K m w mA2 non mh2 WimA2.c
collector theortical
QL=heat losses F'=collector efficiency F"=collector flow factor efficiency Qu kw/hour Steam Produce
OL=Ar"o™(Ti*4-Ta*4)i((1/er)}+{{1-ec)iec)DriDci)} | F'=1/ULN{1/UL)}+{Doihfi Di}+(Do/2K In{DoiDi}}} [F"=(rhcp/(ArULF ) (1-EXP((Ar UL F')(rhcp})){ = =Qu/Gb*Aa Qu(kwihr) =Qu*3.§  rh =(Qu KwiHr)/(hg - hf)}
0.118440419 0.997180148 0.999717502 0.68135619 554.4570843 0.25
0.119739568 0.997149306 0.999714413 0.681724871 2245.31216 0.99
0.122366298 0.997086952 0.999708167 0.681733447 3991.613868 1.77
0.37914359 0.996991661 0 0.681 5331.588463 2.36
1.608206793 0.996810475 0 75 0.680954721 6083.421205 2.69
2 4 0. 0. 7 0.680540534 6174.153434 2.73
3.334953294 0 i 0.999654391 0.679950576 5592.842767 2.48
4.863180407 0.996384651 0.999637827 0.678748126 4674.258291 207
5.348877306 0.996364488 0.999635807 0.676520436 2734.638936 1.21
4.718056693 0.996492159 0.999648594 0.669395674 946.5443468 0.42

Kwihr

Figure 2. 5 Collector calculations heat gain, theoretical efficiency & amount steam.

The third section in this program calculate the actual heat gain by experiment and the

collector experimental efficiency as shown in figure (2-6).

THE EXPERIMENTAL CALCULATIONS
tem. out of |tem. inside collector experimentally

tube tube heat gain experimentaly efficiency
Tout Tin Qexp=rhcp(Tout-Tin} n —QexpiGb*Aa

0 0 0.00

0 0 0 0.00

0 0 0 0.00
10.8 9.4 292.6 0.22
20.3 19.1 250.8 0.17

32 29.8 459.8 0.30

42 38 836 0.61
49.8 46.1 773.3 0.67
40.3 38.7 334.4 0.50

0 0 0 0.00

K K e

Figure 2. 6 Experimental calculation (heat gain & experimental efficiency).
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The fourth section of this program is to compute the sun altitude angle (o) hourly per

number of day in a year as figure (2-7).

SUMN hourly raise per no. day of year (o)
SUN ALTITUDE FACTOR SUN RAISE ANGLE (o)
x= [[cosd }.COS (5).COS (w)+sin| sin"{—1){x)

0.04 2.31

o.21 1207
0.35 20.43
0.45 2677
051 30.44
051 30.90
0.47 28.09
0.38 22. 43
0.25 14._56
0.09 514

Figure 2. 7 Show sun altitude angles (o) hourly per number of day per year.

It should note there is some data should be filled into table to could get the results
demanded (2-8).
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nioricth | For the Average Day of che Month
Maull Day of n 3
Month Due DayefYerr  Declnation
Jamnary i 17 17 g
Febrry 3w 16 41 307
Mamch L] 16 I 24
Aprl =i 1! 10§ b4t
May i | 13 185
oo Bl+ | 11 152 nr
duly JHE N 19 piivi
Anguit 244 16 n 13¥
Septeinher | A+ 1! bii3 w
Ortober M+ 14 it L6
Novewbs: | M+ 14 i -3y
B BEL

Figure 2. 8 Data need to fill in for collector theoretically, experimentally and radiation.
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2.2 Experimental thermal performance of (PTC).

In this section, the experimental performance of the (PTC) is studied to understand the
behavior and the experimentally efficiency of the collector in two phases. The first one is
heating water to raise its temperature to the boiling degree. The second stage is boiling
the water to evaporate it and produce the steam. The experiment must do in a two
separated cycles then it should compare the experimental results with the theoretical result

and estimate the different between them.

2.2.1 Experimental Collector Manufacture and Install.

The solar collector which consists of a parabolic section curve was drawn by using
AutoCAD according to the equation (y=x?/4F) as shown in fig (2.1). The curve frames
manufactured by use special CNC machine to get the accurate parabolic surface reflector
shape before welded with profiles structure in the workshop of Erciyes University as
shown in (2.4).Then a special metal bright steel chrome sheet with high reflected ratio
rolled and riveted over the reflected shape.

A steel tube receiver paint with black color to receive all the radiation without reflection
rays. This receiver covered with an insulated glass tube evacuated from air to insulate the
receiver from the ambient, this receiver compound installed in the focus line of the surface
reflector.

The receiver connected with pipe net system insulated with glass wool which has a pump
to rotate the water in the collector and thermo cables to record the temp in and out of the
collector. The solar collector and the receiver are hang by ball bearing let the compound
rotate around the axial with the sun direction by a belt connect with gear motor driver
work with computer follow program to put the aperture collector direct face the sun
radiation beam all the time from the east when sun rise to west when sun set. The whole

arrangements are fitted on a steel frame.



60

1- Ring (¢.5t) {2000 ¥ 50 % 6] mm.

Figure 2. 9 Design the collector profile arrangements from steel structure.

2.2.2 The Experiment Description.

The solar collector system is designed and manufactured to produce the steam by use two

stages that because we are treat with two phases of the water liquid and gas.

The two stages are separated to two cycles by used the valves. The first stage is starting
with rotating the fluid in the collector system by the pump and pushed it inside the tube
receiver to absorb the heat energy transferred by the sun which it is collected by the
parabolic collector surface and reflect it to the receiver tube. That it is working to raise its

temperature from the inlet temperature to the boiling temperature (99.6 c*).

FLOW METER WATER PUMP

3

M

- gjdnosouuay)

|
< i

COLLECTOR

0;; anocoway @
X

Figure 2. 10 The first stage of hot water rotated in the system.
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The insulated pipes work to keep the water temperature and reduce the heat loses from
the system. The motor connected with the surface reflected is working to keep the surface
facing to the sun direction all the time. The motor take the signal to keep its movement
with sun by the electronic driver unit. At this time the recorder work to register of the
inlet and outlet temperatures which it connected with two thermo cables which they laid
before and after the receiver tube as shown in the figures from (2-5) to (2-17) which is
illustrated the exterminate steps. During that it should register the time needed to get the
boiling degree to can find the heat gaining with time by use the equation (2.19)[41]. After
measure the mass flow rate of the water rotate in the system (1) that act to estimate the

collector efficiency by comparing with theoretical calculation.

Quse.expl = m cp (Toue — Tin ) (2.15)

The second stage start when the water temperature arrive to the boiling degree (99.6 ¢*)
at this point it should stopped the water rotation by make shutdown to the pump and close
the two valves before and after the receiver tube to trap the water inside the tube.

The slop of the collector (15°) with the horizontal can help to trap the water inside the
tube. Then it must start to register the time need to convert the water to steam by open the
vent tube which is connected after the receiver tube to let the steam inside the tube to vent

outside the tube.

STEAM OUT

a|dnooowliay}
a|dnooouwiiay}

™
I

y
g

2\ [ ZaN
COLLECTOR A
(PG)

! /
\\.. ~

Figure 2. 11 The second stage of producing steam in the system
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It could estimate the time it needed to this converted from the theoretical calculations
(Eq.2-20). After this time is exhausted it could open drain which is connected before the
receiver tube to measure the water still inside the tube and didn't evaporate to can specify
the actual evaporating water. Then it could find the collector efficiency to generate the

steam and comparing it with the theoretical calculations.

m (hg — hy)
). (cos(¢p — B).cos b.cos w + sin (d — B).sin d)
(2-16)

Atevap,th =

TpGee - (1 +0.033 cos360 —

m: is the quantity of water trapped inside the tube it cold measure before filling it.

Where hy = 2675 kj/kg, he = 417.4 kj/kg at 99.6 ¢', P = 0.1 Mpa.

Figure 2. 12 Collector turn to the east at the morning.
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R
R

Figure 2. 13 Collector turn to the west at the evening and program register
temperatures.

Figure 2. 14 The reflected radiation focused on tube receiver.
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Figure 2. 19 Pressure gauge & thermo cable

Figure 2. 20 Instrument to measure radiation

Figure 2. 21 Collector driver motor

Figure 2. 22 Pipeing insulation
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Figure 2. 24 Installs the piping system.

2.2.3 The Experiment Efficiency.

In this section it could estimate the collector efficiency in two parts.
The first part represent the experimental efficiency of heat gain by the water rotates in the

system to the heat gain theoretically by equations in specified time. That is done by
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measure the mass flow rate in the system and inlet and outlet temperatures for specified

time to the incident solar energy from experiment device [42] [43].

0 _ Qu,exp. @-17)
eXP- T A Gy

_ m cp (Tout — Tin ) (2-17a)
Nexp. = A

G, = G (1—19)

9 =0.271 - 0.294 1}, (1-21 a)

Where( Gy ) the total heat radiation measures by radiation device experimentally.

The second part is estimate the evaporated experimental efficiency of collector by
knowledge the ratio of the actually steam mass quantity generated by collector in the
experiment to the beam radiation and the theoretical efficiency of collector find by get

the ratio of steam generator theoretically to the beam radiation.

_ Mexp, -hfg. (2-18)
Nsteam,exp. = A G
-+ Yb.

_ My, heg
Nsteam,th = A Gb. (2-18 a)



CHAPTER 3

RESULT AND DISCUSS

3.1 Collector Theoretical Efficiency Result Analysis

In this section it will check and analysis the collector results according to the properties
that impact direct and indirect on the system and study how can control these properties

to improve the system efficiency.
3.1.1 Collector Efficiency with Aperture Dimensions
With this point of investigation, it could use the excel program by change the aperture

dimensions and check the change will happen with results to can estimate the performance

of the collector with change the aperture dimensions as the figures bellow.
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Figure 3. 1 Shows the change of heat gain with aperture sizes

By use the excel program to calculate the heat gain and the collector efficiency it could
show from Figure (3-1) above the change of increasing the heat gain by increasing the

aperture size. The heat gain is 1105 w/m? for aperture size 2 m (experimental chose).
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Figure 3. 2 Shows the change of collector efficiency with aperture sizes

However, at the same time it could obvious a small change of the collector efficiency as
shown in figure (3-2) which is because of increase the concentrated ration (Ar/Aa) as in
eq.(2-12) and that it could increase the impact of the collector efficiency at the high

collector temperatures cases. Theoretical efficiency is 0.6272for aperture size is 2 m.

3.1.2 Collector Efficiency Change With receiver Tube Diameter.

The other important geometrical property that could impact to the efficiency of the
collector is the diameters of receiver tube which it is investigated in this point to check
how this property can impact of the collector efficiency by use the excel program and the

charts as shown below:
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Figure 3. 3 Shows change of receiver diameter with collector efficiency & flow factor

By study the results from the program and the figure (3-3) above it could observe that the
increasing of the collector receiver tube lead to decrease the collector efficiency in our
case the tube diameter 0.04m and the tube flow factor is 0.90 and the collector efficiency

0.6.

Figure 3. 4 Shows the change of heat losses with receiver tube radius
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and there are two main reasons behind this decreasing in the efficiency the first one is the
raising in the heat losses because of the increasing in the tube surface area which is facing
to the ambient as shown in figure (3-4) and it could increase with the collector high
temperatures degree in our case with tube 0.04 m diameter the heat losses is 1.4 watt.
However, the increasing in heat losing is not significant to make a big change in efficiency
if the tube emittance is not high. The second important reason which has effect on the
efficiency and has a relation with the receiver tube diameter is the collector flow factor
(F"). By study the results from the program it could find out that there is inverse relation
between the tube diameter and the collector flow factor as the increasing in tube diameter
cause decreasing in the collector flow factor which is effect on the efficiency negatively

as s shown in figure (3-3).

3.1.3 Collector Efficiency Changes with Flow Rate.

One of the important properties which can impact on the collector efficiency is the mass
flow rate which is passes through the collector to transmit the solar energy before
converted it to mechanical and electrical energy. The normal fluid used in the solar
radiation stations inside the collector is artificial oil which is boiling in a very high
temperature to avoid the saturated fluid state. In our experiment we use water as a transmit
fluid and it will used the excel program to investigated the changing quantity of the mass
flow rate inside the same collector to observe the change that it will happened on the heat

gain and efficiency as show in the following drawings.
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Figure 3. 5 Shows the change of heat gain with flow rate.

By study the results which are get from the excel program and study the charts graphics
above it could observe that when increase the mass flow rate that passes through the
collector it leads to increase the heat gain in the collector as shown in the figure (3-5)
when other properties be constant in our case the flow rate is 0.3 kg/sec. and the heat

gain is 836 watt/m?.

Figure 3. 6 Shows the change of flow rate with efficiency & flow factor (F").
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And if it checks the figure (3-6) it could observe that the increasing in the mass flow rate
lead to increase the collector tube flow rate factor (F") and that is the reason of increasing
in the heat gain in our case (F") = 0.925. (F") get to the highest level and it will not be
able to increase more. In our case the flow rate should be not less than 0.0004m3/s which
mass flow rate is (0.4 Kg/s). It could observe more that the change of the efficiency can
be significant when there is a big change in the little mass flow rate than the big mass

flow rate so the efficiency with our mass flow rate 0.3 kg/se is (0.63).

3.1.4 Collector Efficiency change with Receiver Tube Emittance.

This property has a direct impact of the collector efficiency by a strong relation with heat

losses and the collector flow factor it could observe from the figures below.

Figure 3. 7 Shows the change receiver tube emittance with flow factor & efficiency.
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The other important properties are the surface of receiver tube emittance which it has a
direct impact of the collector efficiency. When study the result from the program and the
figure (3-7) it could find that the increasing of the tube surface emittance lead to directly
decrease in the collect efficiency in our case receiver emittance (0.1) and the tube
efficiency is 0.65 and the flow rate factor is 0.95.

There are two reasons behind this increasing the raising of heat losing as in the figure (3-
8) in our case the heat losses is 0.61 watt when emittance is (0.1). And that will be
significant in collector high temperatures degree, the other reason behind the collector

efficiency decreasing is the decline in collector flow factor (F") as shown in figure (3-8).

Figure 3. 8§ Shows the change of receiver tube emittance with collector heat losses

It is important to mentions here that the increasing in the emittance causes a sharp
decreasing in the efficiency when increasing the receiver tube diameter as shown in the

Figure (3-9). For 0.1 tube emittance, Tube heat loses is 0.617 W/m?>.
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Figure 3. 9 Shows the change of receiver tube emittance & diameter size with
efficiency

3.1.4 Collector Efficiency and Indirect Properties.

In this step of the study, some properties that have an indirect effect on the efficiency of
the collector such as ambient temperature and liquid temperatures can be mentioned,
which have the opposite effect on the efficiency of the collector. The reason is that
increasing the difference in temperatures leads to increased heat loss and reduced
efficiency. Other indirect properties are experimental properties such as dust and surface
dirt that affect the reflection of the radiation from the surface of the compound and the

permeability of the pipe, which indirectly affect the efficiency of the collector.

3.1.5 Calculation of Theoretical collector Efficiency.

To calculate the collector efficiency theoretically it could use the following procedures

by calculate the solar radiation at the first then calculate the heat gain and the collector

efficiency finally as the following.
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Theoretical efficiency on 9/12/2018 at 1:00

Theoretical Beam radiation

n

Gyen = TG (1 +0.033 c05360 7=

) . (cos(¢d — B).cos 6. cos w + sin (¢ — B).sin d) (1.20)

The solar constant radiation is G = 1367 w/m?.

The Beam transition factor is T, = ag+ a; exp( cc;s]; ) (1.19)
Z

The constants (ay ,a;) and K for the standard atmosphere are given from equations: eq.

(1.21a), eq. (1. 21b), eq. (1. 21¢). Where (A) = 1.054 km.

ap = 0.4237 — 0.00821(6 - A)?
ap = 0.4237 — 0.00821(6 - 1.054)2=0.22

a; = 0.5055 + 0.00595(6.5 - A)?
a, = 0.5055 + 0.00595(6.5 - 1.054 )%= 0.68

k = 0.2711 + 0.01858 (2.5- A)?
k= 0.2711 + 0.01858 (2.5 - 1.054 )?=0.31

Cos Zenith Angle
cos 0z = cos(d — f).cosd.cosw + sin(p — B).sind(1.12)
The latitude angle (¢)for Kayseri city is (38.732) N, the tilted angle () = 15°.
The declination angle (6) can find from eq. (1.3) with table no. (1.1),
Day number = 343.

Declination angle

284 + 324—)

§=23.45 .sin (360. —
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0=-22.59
=The hour angle (w) for Kayseri city can find it out from the equations

(1.4,1.5,1.6,1.7)
Hour angle

o = 15" (Solar time — 12)

Solar time = standard time + 4(Lg; - Ljoc) + E

The Standard time for Kayseri city which is same of turkey is (+3), Where L;,. is the
longitude of the local standard time meridian of Kayseri and turkey is 45 ‘WhereLs; is the

longitude site of Kayseri and it is used in this eq. (35.485 E).

Factor E is the equation of time.

E =229.2 (0.000075 + 0.001868 Cos B — 0.032077 Sin B — 0.014615 Cos 2B — 0.04089
Sin 2B)

360
Day number factor B =(324-1) x Zes

B =337.32

E =229.2 (0.000075 + 0.001868 Cos (318.6) — 0.032077 Sin (318.6)
—0.014615 Cos (2 x 318.6) — 0.04089 Sin (2 x 318.6)

E= 7.64

Solar time = 1 +4(35.485 - 45) + 14.1

Solar time = 12.30

Hour angle o =15"x(12.361 —12)

o =4.44

Cos Zenith Angle
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Cos 6z = Cos (38.732—15) Cos (-20.18) Cos (5.41) + Sin (38.732 — 15) Sin (-20.18)
Cos 6z = 0.68

The Beam transition factor is

Tp =0.2229+ exp (-0.31/Cos 0.717),

T, =0.66

Theoretical Beam radiation

324
Gpon = 0.67x1367. (1 +0.033 cos 360 %).COS 0z

Gyp=0.67x 1367 (1+0.033 Cos 360> ) 0.717

G,= 633 watt/m2.

Useful beam radiation S = G, p.7. @ (2-8)

From table (2.1) surface reflect p = 0.80, transmittance glass cover T = 0.95, absorbance
the absorber a= 0.9

S =668.5x0.74x0.95x 0.9

S =401 watt/m2.

Heat loses at tube

n.Dy. L.o. (T =Ty*)
Qloss = rl_l —sc(i . (2.5)

E€r Ec DCI )

3.14x0.027x2x5.67 * 1078, ((309)4— (290)4 )
loss = 1 1-088 0027
0.15 0.88 ( 0.05 )

Qloss = 2.21 watt/m2.

Heat losses coefficient

_ Qloss Y
L= zp, L .(Tr—Ta)‘2'6)

2.98

U, =
L™ 314 x0.027 x 2 x (309 — 290)

UL = (.57
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Useful heat
Ar 2-7
Qu = Aap . Fr [S - A_apUL(Ti — Tamb) ( )
Collector efficiency
1 (2.9)
F! _ /Ul
TI Doy (Bgpk)
Uy + h¢ Dy + ZKl D;
1
F = /0.57
. 0.027 ( 0.027 0.027)
0.57 300 X 0.023 2X16  0.023
F'=0.9977

Collector flow factor

Pt o[- e (-] 10

n

_ 0.05 X 4170 [ ex ( 3.14X0.027X 0.57X0.9977)]
3.14X0.027 X 0.57X0.9977 p 0.05 X 4170

F"=0.9998

Collector removal factor

Fg =F' x F"

Fp=10.997

Heat gain by collector
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A 2.7
7 UL(Ti — Tamb)
ap

QuzAap- FR[S_

3.14x0.027

Qu=12x2x0.97 [401— %2

0.925 (309 — 290)]

Q. = 1597 watt/collector

Theoretical efficiency

A
Aap - PRS2 UL(Ti~Tamb)|

Men = Aap ThGsc .(1+0.033 cos 360 %).(cos(q)—ﬁ).cos 8.cos w+sin (d—f).sin §)
(2.12)
_ 1597
Men = 4% 633
Nen= 0.63

Theoretical efficiency on 20/11/2018 at 1:00

Theoretical Beam radiation

Gpen = TpGsc - (1 + 0.033 cos 360 %) .(cos(d — B).cos 8.cos w + sin (¢ — B).sin §)
(1.20)
The solar constant radiation is Ggc = 1367 w/m?.
The Beam transition factoris T, = ap+a; exp (— X ) (1.19)

COS 87
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The constants (a, ,a;) and K for the standard atmosphere are given from equations: eq.

(1.19a), eq. (1. 19b), eq. (1. 19c). Where (A) = 1.054 km.

ag = 0.4237 — 0.00821(6 - A)?
ap = 0.4237 — 0.00821(6 - 1.054 )%= 0.22

a; = 0.5055 + 0.00595(6.5 - A)?
a, = 0.5055 + 0.00595(6.5 - 1.054 )%= 0.68

k = 0.2711 + 0.01858 (2.5- A)?
k= 0.2711 + 0.01858 (2.5 - 1.054 )?=0.31

Cos Zenith Angle
cos 0z = cos(p — PB).coséd .cosw + sin(p— f).sind

The latitude angle (¢)for Kayseri city is (38.732) N, the tilted angle () = 15°.

The declination angle (6) can find from eq. (1.3) with table no. (1.1),

Day number = 324.

Declination angle

§=23.45 .sin (360.

284 + 324-)
365

0=-20.18

=The hour angle (w) for Kayseri city can find it out from the equations

(1.4,1.5,1.6,1.7)
Hour angle

o = 15" (Solar time — 12)

Solar time = standard time + 4(Lg; - Ljoc) + E

(1.12)
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The Standard time for Kayseri city which is same of turkey is (+3), Where Lj,. is the
longitude of the local standard time meridian of Kayseri and turkey is 45 ‘WhereLg; is the

longitude site of Kayseri and it is used in this eq. (35.485 E).

Factor E is the equation of time.

E =229.2 (0.000075 + 0.001868 Cos B — 0.032077 Sin B — 0.014615 Cos 2B — 0.04089
Sin 2B)

360
Day number factor B =(324-1) x 2 65

B =318.6

E =229.2 (0.000075 + 0.001868 Cos (318.6) — 0.032077 Sin (318.6)
—0.014615 Cos (2 x 318.6) — 0.04089 Sin (2 x 318.6)
E= 14.12

Solar time = 1 + 4(35.485 - 45) + 14.1

Solar time = 12.36

Hour angle ®=15"x(12.361 —12)

o =541

Cos Zenith Angle

Cos 8z = Cos (38.732—15) Cos (-20.18) Cos (5.41) + Sin (38.732 — 15) Sin (-20.18)
Cos 0z =0.72

The Beam transition factor is

Tp =0.2229+ exp (-0.31/Cos 0.717),

1, =0.67

Theoretical Beam radiation

324
Gpen = 0.67x1367. (1 +0.033 cos 360 %).COS 0z
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Gy=0.67x 1367 (1+0.033 Cos 360 ===)0.717

G,= 673 watt/m?.
Useful beam radiation S = G, p.7. @ (2-8)

From table (2.1) surface reflect p = 0.80, transmittance glass cover T = 0.95, absorbance
the absorber a= 0.9

S =668.5x0.74x0.95x0.9

S =426.2 watt/m?2.

Heat loses at tube

_ n.Dp. L. o (Te*—Ta*) (2.5)
Qloss - 1 1 ¢ (&)
€r Ec DCi

3.14x0.027 x2x 5.67 * 1078, ((309)*-(290)*)
loss = 1 1-0.88 ,0027
015 088 ( 0.05 )

Qjoss = 11.55 watt/m?.

Heat losses coefficient

U =15, EI?(S;T—Ta)(z'IO)
U, = 2.21
3.14 x 0.027 x 2 x (372 — 290)
U, =0.83
Useful heat

Ay 2-7
Qu = Agp - Fr [s = 22U (T~ Tams) @7
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Collector efficiency

1 (2.9)
F/ _ /Ul
1 Dy (Do Do)
U; T h¢ Dj T ZKl Dj
1
F = /0.83
1 0.027 (0.027 0.027)
0.83 300 X 0.023 2X16 0.023
F'=0.9977

Collector flow factor

= Fr _ _™m.GCp [ 1 — exp (_ Ar UL .Fl)] (2.10)
F’ F.Ar. U  .Cp
"_ 0.008 X 4170 [ — ex (_ 3.14X0.027 X 0.83X 0.9977)]
3.14X0.027 X 0.83X0.9977 p 0.008 X 4170

F"=0.9986

Collector removal factor

Fr =F' x F"

Fgr=0.996

Heat gain by collector

2.7)

r

A
Qu = Aap . l::R S — A UL(Ti - Tamb)

ap
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3.14x0.027

Qu=2x2x0.97 |426.5 — %2

0.925 (309 — 290)

Q. = 1698.4 watt/collector

Theoretical efficiency

A
Aap- Fr S——— UL(Ti_Tamb)

Men = Aap-ThGse .(1+0.033 cos 360 3—1615).(cos((b—[3).cos 8.cos w+sin (¢—f).sin §)
(2.12)
_ 1698.4
M = 4% 673
Nen= 0.63

3.2 Experimental Collector Efficiency.

In this section it needs to calculate and study the results which it could be get it
experimentally from the experiments which they are done by the collector system which
it was manufactured to this purpose before , this collector should be checked in two ways
the first one is find the collector efficiency by the hot water rotated and the second one
check the collector efficiency by produce the steam and the aim of this section is to

compare the experimental efficiency with that theoretical as the following:

3.2.1 Hot Water Experimental Efficiency

In this part of the experiment there are many steps it should be done to can get an accurate

results before start do the experiment. when connecting the system first of all it need to
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calibrate the thermo cables by use a hot water before connected them with the reader
device which is connected with computer to record the input and output temperature
degrees. in the collector by use memo program, the second step it need to regulated the
flow rate inside the system by regulate the water pump speed and throttle the gate valve
then check the flow meter indicator to can get the mass flow rate which is rotate inside
the system, the other steps it needed to record the ambient temperature degrees by external
thermometer and record the solar radiation every time by use the solar radiation device.

By measure the flow mass inside the system and the temperature degrees input and output
it could calculate the heat gain from the collector by equation no. (2 -15) and the collector

experimental efficiency from equation no. (2 -17a) as the following:

- Experiment on 4/12/2018 at 10am

The flow meter measured 2 liters per 4 mints the flow mass it will be

2
The mass flow rate is 2 r60 0.008 kg/sec. , Cp=4180 j/kg.kTin = 13.7, Tout = 19.8

Heat gain by collector

Q gain = mcp (Tour — Tin ) (2.15)
Q gain=0.008 x 4180 x (19.8 — 13.7)
Q gain = 212 watt/collector
In spite of the collector slope with 15 degree the sun is still with high slope that could not
cover the entire pipe receive length in the time of the experiment therefore this case has
taken in this calculations by take the actual length of the surface reflected which is

measured from the experiment as the following.

Heat gain by m? is



Q gain = 2x1.2

Q gain = 88 watt/m?

88

The experiment radiation measurement is G,= 441 watt/m?, from excel program the

beam transition factor is T, = 0.615

The experimental beam radiation is

G, = Gy (1—-Tq)
The diffuse radiation factor is tq
T4 =0.271 - 0.294 T, (1-22 a)

Tqg = 0.09
The experimental efficiency is

_ m.cp. (Tout. — Tin. )
nexp. - AC ] Gb

The experimental beam radiation is

G, = 441 (1 —0.09)

G, = 401 watt/m?.

The experimental efficiency is

_ 88
nex - 401

Nex = 0.22

(2-17a)
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- Experiment on 9/12/2018 at 11:00 am

The flow meter measured 3 liters per 1 mint the flow mass it will be
3
The mass flow rate is w0 0.05 kg/sec. , Cp=4180 j/kg. K.

-At11:00 am, Tin=94, Tout=10.8

Heat gain by collector
Q gain = mcp (Tour — Tin ) (2.15)

Q gain = 0.05 x 4180 x (10.8 — 9.4)

Q gain = 292 watt/ collector

In spite of the collector slope with 15 degree the sun is still with high slope that could not
cover the entire pipe receive length in the time of the experiment therefore this case has
taken in this calculations by take the actual length of the surface reflected which is
measured from the experiment as the following.

Heat gain by m? is

292
2x1.2

Q gain =

Q gain = 122 watt/m?

The experiment radiation measurement is G,;= 610 watt/m?, from excel program the beam

transition factor is T, = 0.63

The experimental beam radiation is

Gp, = G (1—Tq)

The diffuse radiation factor is tq

T4 =0271-0.294 1, (1-21)

T4 = 0.085
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The experimental efficiency is

_ m.cp. (Tout. —Tin. ) (2-17a)
Nexp. = A. Gp

The experimental beam radiation is
Gp =610 (1 —0.085)
G, = 588 watt/m?.

The experimental efficiency is
122
Nex = 538
Nex = 0.21

For the same procedures above it could find the experimental efficiency for every hours

as the following

-At12:00 am, Tin=19.1, Tout=20.3

3
The mass flow rate is w0 0.05 kg/sec. , Cp=4180j/kg. K

Heat gain by collector

Q gain = mecp (Tour — Tin ) (2.15)
Q gain=0.05x 4180 x (20.3 - 19.1)
Q gain = 251 watt/ collector

By take the actual length of the surface reflected which is measured from the experiment

as the following.



Heat gain by m? is

: 251
Q gain=

2x1.2

Q gain = 104 watt/m?,
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The experiment radiation measurement is G,= 580 watt/m?.

From excel program the beam transition factor is T, = 0.65

The experimental beam radiation is

Gp, = G (1—-Ty)

The diffuse radiation factor is Tq

T4 =0.271 - 0.294 T,

Tq =0.09

The experimental efficiency is

m . Cp. (Tout. - Tin. )
nexp. - AC ] Gb

The experimental beam radiation is

Gp = 580 (1 — 0.085)

G, = 530 watt/m?.

The experimental efficiency is

nex

Ney = 0.20

(1-21)

(2-17a)

104
~ 530
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At1:00 pm, Tin=29.8, Tout=32

3
The mass flow rate is i 0.05 kg/sec. , Cp=4180 j/kg. K

Heat gain by collector

Q gain = 17ep (Toue — Tin) 2.15)
Q gain=10.05x 4180 x (32 —29.8)
Q gain = 460 watt/ collector

By take the actual length of the surface reflected which is measured from the experiment
as the following.
Heat gain by m? is

460
2x1.2

Q gain =
Q gain = 192 watt/m?,
The experiment radiation measurement is G,= 735 watt/m?. From excel program the

beam transition factor is Tq = 0.66

The experimental beam radiation is

Gp, = G (1—7q)
The diffuse radiation factor is tq
T4=0271-0294 1, (1-21)

T4 =0.077

The experimental efficiency is

_ m.cp. (Tout. — Tin. ) (2-17a)
nexp. - AC ] Gb
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The experimental beam radiation is
G, =735(1-0.077)
G, = 678 watt/m?.

The experimental efficiency is

192

nex - 678

Nex = 0.28

At2:00 pm, Tin=38, Tout=42

3
The mass flow rate is o0 2 0.05 kg/sec. , Cp=4180 j/kg. K

Heat gain by collector
Q gain = 1cp (Toue — Tin ) (2.15)
Q gain=10.05 x 4180 x (42 — 38)
Q gain = 836 watt/ collector
By take the actual length of the surface reflected which is measured from the experiment

as the following.

Heat gain by m? is

ain =
Q g 2x1.2

Q gain = 348 watt/m?,

The experiment radiation measurement is G;= 670 watt/m?. From excel program the

beam transition factor is t, = 0.64
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The experimental beam radiation is

Gp, = G (1—19)

The diffuse radiation factor is tq

T4 =0.271-0.294 1, (1-21)

Tq =0.082

The experimental efficiency is

_ m.cp. (Tout. — Tin. ) (2-21a)
"exp. - AC ] Gb

The experimental beam radiation is
G, = 670 (1 —0.082)
G, = 615 watt/m?.

The experimental efficiency is
348
nex - 615
Nex = 0.57

At3:00 pm, Tin=46.1, Tout=49

3
The mass flow rate is i 0.05 kg/sec. , Cp=4180 j/kg. K

Heat gain by collector

Q gain = mcp (Toue — Tin ) (2.19)
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Q gain=0.05 x 4180 x (49 — 46.1)
Q gain = 606 watt/ collector
By take the actual length of the surface reflected which is measured from the experiment

as the following.

Heat gain by m? is

. 60
Q gain =
Q gain = 252 watt/m?,

The experiment radiation measurement is G;= 580 watt/m?. From excel program the

beam transition factor is T, = 0.64

The experimental beam radiation is

G, = G (1—-14q)
The diffuse radiation factor is Tq
T4 = 0271 -0.294 14 (1-21)

T4=10.082

The experimental efficiency is

_ m.cp. (Tout. — Tin. ) (2-21a)
nexp. - AC ) Gb

The experimental beam radiation is

Gp = 580 (1 — 0.082)

G, = 532 watt/m?.



96

The experimental efficiency is

_ 252
"~ 532

Nex = 0.47

At4:00 pm, Tin=38.7, Tout=40.3

3
The mass flow rate is 0 0.05 kg/sec. , Cp=4180 j/kg. K

Heat gain by collector

Q gain = mcp (Toue — Tin ) (2.15)
Q gain = 0.05 x 4180 x (40.3 — 38.7)
Q gain = 334 watt/ collector

By take the actual length of the surface reflected which is measured from the experiment
as the following.
Heat gain by m? is

334
2x1.2

Q gain =
Q gain = 139 watt/m?,

The experiment radiation measurement is G,= 345 watt/m?. From excel program the

beam transition factor is T, = 0.53

The experimental beam radiation is

Gp = G (1—1q)

The diffuse radiation factor is Tq
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14 =0271-0.294 1, (1-21)

Tq=0.12

The experimental efficiency is

_ m.cp. (Tout. — Tin. ) (2-21a)
Nexp. = A, .Gy

The experimental beam radiation is
Gp = 345 (1 —0.12)
G, = 303 watt/m?.

The experimental efficiency is
139
T’ex - 3 0 3

Nex = 0.46

The table 3-1 show the experimental data for hot water from the from the previous

calculations
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Figure 3. 10 Shows the heat gain theoretically & experimentally in the day.

The figure (3-10) above shows the heat gain daily shine hours and it could observe that
the heat gain theoretically is too higher than the experimental heat gain at the beginning
because our experiment done in the cold weather and the system was started from freezing
and sometimes weather be cloudy then it increase dramatically when system get the
steady state at 2:00 while the theoretical heat gain shows that heat gain starts increase in

the morning hours and get the maximum at afternoon then decrease again.
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Figure 3. 11 Shows the collector efficiency theoretically & experimentally in the day

The figure (3-11) shows that theoretical efficiency is constant on (0.63) because there is
no change in percentage of the heat useful and then beam radiation theoretically and the
heat losses in surfaces reflector and absorber it consider constant theoretically while the
experimental efficiency it start very low and increase to be near the theoretically at 2:00
pm because the system it start from freezing point in the morning then heated and

increase its efficiency dramatically. From this chart it could note the difference between

the theoretical and experimental efficiency and that because numbers of the following

e There is difference between the weather clearness because it could be some times
cloudy or moisture in the weather or there is some dust make the solar radiation
less than theoretically calculation.

e The collector surface may be not clean completely or face to face with sun directly
all the time. May be there is some deviation in the collector direction make the
solar radiation reflected to the absorber less than the theoretically.

e There is some tolerance in some suppose properties like the size and dimensions
of the tube and some tolerance in the instruments calibration like the solar

radiation device and thermo cables calibration and flow meter measurement.



101

All these properties could be stand behind the difference between the theoretical and

experimental and values.

3.2.2 Steam Experimental Efficiency

In this part of the section it should check the actual mass steam which it could get by the
collector and compare it with mass steam which it could get it theatrically to find the

collector efficiency to produce the steam.

- Experiment on 20/11/2018 at (1:00 - 2:00) pm

In this experiment the receiver tube split of the system by the gate valve before and after
the receiver tube then the water trapped in the tube the mass flow inside the tube measure
by filling the tube and drainage the water inside by indictor measuring drum then close
the gate valves and check the water remain in the tube after evaporated to measure the
steam produce by the collector as the following

The tube volume = 3.2 litter
The water remain in the tube after evaporate = 1.75 liter

Actual Steam produce = 3.214 -1.75

Actual Steam produce = 1.464 liter (for the collector.)

By take the actual length of the surface reflected (1.2) m it could find

2 1464
Actual Steam produce/m 12

Actual Steam produce/m?= 0.61 kg/m?hr.

The total radiation experimentally G,= 668watt/m?

Beam transition factor

1, = 0.66
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The beam radiation experimental
G, = G (1—1q)

The diffuse radiation factor Tq

T4=0.271 - 0.294 Ty, (1-21)

Tq = 0.077

The beam radiation experimentally
G,= 668 x (1- 0.077)

G,=616

Gp= 616kw/ m?

From the vapor tables at pressure 0.1 Map, hfg = 2258 kj/kg,

The heat useful gain theoretically from excel program is 460watt.

426 x 3.6
2258

Steam produce theoretically =

Q steam generate th.— 0.68 kg/mzhr

The experimental efficiency is

m. hfg
e = 7 736

_ 0.61x2258
Nexp. = ~16x3.6

1N (exp.) = 0.62

The theoretical efficiency is



0.68 x 2258

MTen. = ~g7333.6

N, = 0.63

Table 3. 2 Experimental data table for steam

Beam Diffuse Measurement
Date Time radiation transition transition radiation
factor factor Watt/m?
20/11/2018 1:00- 2:00 pm 0.66 0.077 668
Experimental Steam Steam generate
P L generates 8 Theoretical Experimental
Beam radiation . experimentally. . .
2 theoretically 2 efficiency efficiency
Watt/m 2 Kg/m*.hr.
Kg/m*.hr.
616 0.68 0.61 0.63 0.62
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CHAPTER 4

CONCLUSIONS AND RECOMMENDATIONS

4.1 Conclusion

This chapter is the last station in this research through in it could estimate the performance
of the parabolic trough collector technology to produce the heat water and steam from
both theoretical and practical aspect of this study. Depend on that it could say it is suitable
way to produce the heat water and generated steam with electrical produce station and
industrial project until in the low radiation areas by develop some technique to make it
suitable in these areas.

However, there are some problems it could face this technology in some regions like
Kayseri. instead of solve the problem of the sun set which make the solar source is not
continue per a day by use the storage tank with molten salt and other artificial material
there 1s another problem which is the cloudy and freezing weather in winter season that

make the sun source energy very low and it is impossible depend on it only in this period.

The other problem which it has faced in the experiment is the sun radiation deviation of
the collector at the hourly day because of the different in the sun altitude angles (o) that
make the radiation couldn't cover the entire collector and let a part of the collector outside

the work in spite of the collector sloped by 15 degree.

From the experimental part of this study it could note there is a great advantage by use

the tilted collector to get the highest solar radiation level by increase the slope of the
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collector according to solar altitude angles which was calculated in the last part of excel

program as illustrated in chapter 2.

4.2 Recommendations

Refer to the motioned above it needs to use the following recommendations:

To overcome of the cloudy and freezing problem in the winter season in some
regions which face this case it need to use the hybrid stations with fuel source to
offset the shortage in solar energy in this period.

To can solve the experimental problem of solar radiation deviation which makes
the radiation couldn't cover the entire collector receiver in the researches
experiments. It could recommend using flexible collectors that could change its
slope angle to matching the solar altitude angles.

According to the maximum useful from solar radiation that could get from tilted
collector. it could recommended to increasing the researches which study in how
to create a new generation of parabolic trough in solar electrical power stations
that able to use a collectors with a flexible change slope angles it make the
collector follow and face the sun in both directions instead of the one direction as
it is used in the modern electrical stations. (Like the mirror fields in solar tower
technology). In the designed collector, the direct solar radiation measured on
November 20 was 0.61 kg / h steam at 616 W / m?. The amount could make by

two-axis collector's solar tracking system is 1.107 Kg/ h steam can be obtained.

In spite of the difficulties and perhaps the increasing cost of the new design, the
high radiation that could get by the new design may be make it more successful
and suitable for a large range of areas which have a low solar radiation.

This technology could be used to heating houses also. For example the house
which has 180 m? and heat loses 17.55 kW for November in Kayseri it needs
nearly 7 collectors in the same specific design of our experimental collector and
it be enough to heating the house so the estimating cost for a system like this with
all parts (collector with vacuumed tube, piping & insulation system, carrier, water

pump) it is nearly 7000 $ for a house.
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