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Abstract: Despite the recent interest of Saudi Arabia in the solar energy as a renewable source of energy, no
effort yet has been directed towards the Parabolic Trough Concentrator (PTC) technology which considers
being one of the cheapest and most effective technologies for solar power. In the present paper, the
performance of a parabolic trough collector system has been experimentally investigated under Yanbu city
(Saudi Arabia) prevailing climate conditions. The testing has been conducted in accordance with the
International Standard Procedure for Testing Solar collector. An analysis of the average beam radiation, wind
speed and relative humidity during the study period has been carried out. Instantaneous efficiency, thermal
efficiency and overall installation efficiency all were employed in this study to evaluate the thermal performance
of the PTC system. The results showed thatYanbu city hold a good potential for such energy generation
technology with an average efficiency of 38.8% and instantaneous efficiency that can reach as high as 62%.
The results of this study highly encourage the Saudi government to invest in the Parabolic Trough
Concentrator technology in the western region of KSA to meet the increasing demand on electric power.
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INTRODUCTION initiated the major research and development works for

Solar energy is the oldest form of renewable energy was the photophobic solar village with a capacity of 350
utilized by human, yet it is the future energy source. It can kW in 1981. The main purpose of this project was to
meet the increasing energy demand without raising the power three villages around Riyadh city (Al-Higrah,
environmental concerns. The Sun radiation is estimated Oiainah and Al-Jobailah) [2]. This project was followed by
by 63000kW/m . However, this amount of radiation number of other projects, However only two of them were2

dramatically decreases to 1 kW/m  on the Earth’s surface focusing on thermal solar technology [2]. The first started2

[1]. Nevertheless, this amount of solar energy can still be in 1986 and includes two solar dishes with a capacity of 50
utilized by using concentrating solar systems which kWh using advanced solar stirling engine. The second
collect solar energy and transform it into thermal energy. project was erected in 1996 as a solar distillation of
Saudi Arabia is considered as one of the best countries brackish water plant [6].On the other hand, Photovoltaic
for such application [2]. With an average of about 10 h of Solar system is one of the most common technologies of
sunlight per day and 3200 h of sunlight per year it has a solar systems; however its efficiency is highly affected by
plentiful of sunshine that motivates the use of this the high ambient temperature that Saudi Arabia
abundant source of renewable energy [3]. undergoes. According to A. Baras, et al. [7] the high

Saudi Arabia experiences in solar energy systems ambient temperature of Riyadh  caused  a  reduction of
starts as early as 1960 by establishing the first the PV plant energy by 16.5%. One of the  available
Photovoltaic beacon at the airport of Madinah [4], alternative technologies is the solar concentrator systems.
followed by a university project in 1969. In 1970 King These systems can be classified as either point-focus or
Abdul-Aziz City for Science and Technology (KACST) line-focus concentrators. Parabolic-trough collectors

solar energy technologies [5]. One of its major projects



u

i

P
P

=

2
T Ti o+

World Appl. Sci. J., 23 (10): 1386-1391, 2013

1387

(PTCs) are considered as  a  line-focus  concentrator. specific heat product and temperature difference ( T ) of
PTCs focus direct solar radiation onto a focal line on the
collector axis. A receiver tube in the collector axis absorbs
the Sun radiation from the tube walls and transfers the
heat to a fluid flowing inside it. The collector is provided
with one-axis solar tracking to ensure that the solar beam
falls parallel to its axis [8]. In this regards, number of
studies have been reported in the literature investigating
the applicability of TPC systems in Mideast, One of these
studies was performed by Omar Badrana and Markus
Eckin under Jordanian climate [9]. The study presented an
analysis of the daily power output, direct normal
irradiation and the efficiency for two different sites
(Amman and Ma’an) using a randomly  collected  data
and a simulation software. Even though this study
presented good results, it was performed outside the
Arabian Peninsula. Ahmed Hegazy and Mohammed
ElMadany also conducted a similar study in 2007 [10].
They designed and locally manufactured a PTC system.
The testing results under Riyadh climate conditions
showed that the PTCs technology has a great potential
especially during summer season where the collector
efficiency reached 40%. According to them the collector
could perform better if its design and manufacturing
process were improved as it suffer of thermal losses due
to the limited budget. Another study was performed by
Adel Al-Nasser in Al-Jubail at the Eastern region of Saudi
Arabia [11]. The  study  aimed  to  theoretically  predict
the technical and economic feasibility of a thermal solar
power generation plant using parabolic trough collectors.
It concluded that the expected plant can reach efficiency
above 30% based on 1,970 kWh total annual available
solar radiations. Nevertheless, none of the mentioned
projects adopt the PTCs system nor the cited studies
experimentally examined the applicability of PTCs system
in the western region of Saudi Arabia. Hence, the present
paper is aimed to fill this gap and experimentally
investigates the applicability of operating PTC system
under Yanbu city (Saudi Arabia) prevailing climate
conditions. The tests will be conducted at Yanbu city in
accordance with the International standard procedure for
testing solar collector.

MATERIALS AND METHODS

The ASTM (2007) standard testing methodwas
employed in this study. The test method requires quasi-
steady state conditions, measurement of environmental
parameters and determination of the fluid mass flow rate,

a

the heat transfer between the inlet and outlet flow of the
collector.The performance of the PTC of hot water
generation system  is  determined  by  recording  data
from collector for different combinations of incident
radiation, ambient temperature and inlet water
temperature. The collector water inlet (T ) and outleti

temperature (T ) were measured using thermocouples ando

(T ) was recorded with the help of (RS-1360A). The solara

beam radiation intensity was measured by (LP02)
Pyranometer. The wind speed was measured by a vane
type anemometer called 'SkywatchXplorer'. All parameters
were measured as a function of time.

The thermal efficiency,  of a concentrating collector
operating under steady operation conditions can be
described by:

(1)

P  is useful power which is determined by :u

P  = P  – P (2)u abs losses

where,

P  = A  I ( ) (3)absorbed r D

where (I ) is he direct normal radiation (W/m ), (A ) isD r
2

surface of the reflector (0.75 m ), ( ) is the reflectivity of2

the steel surface of the reflector, ( ) is the interception
factor which represent the reflected energy intercepted by
the absorber surface, ( ) is the transitivity of the
transparent cover and ( ) is the absorptive of the
absorber.

P  = K  A (4)losses t abs

where K  = coefficient of the total losses of the absorbert

(W/m °C), A  = absorber surface area (m ).2 2
abs

T = T  – T (5)abs a

T = Absorber temperature =  (°C)abs

T = Ambient temperature (°C)a

The total input energy P  can be calculated by:i

P  = A I (6)i r D
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Substituting above equations in equation (1):

(7)

Then, by separating (A  I ) in the numerator equationr D

(7) become,

(8)

Defining the concentration ratio (C) as: Fig. 1: Parabolic solar collector.

(9)

(10)

Now introduce the parameter F, as the ratio between
measured power and the collected power.

(11)

Drawing P  from equation (7) and substituting it intou

equation (11), we get: Fig. 2: Yanbu city location

where  is the mass flow rate of water = 20 kg and C  is
(12)

According to the manufacturer cataloguefor the used
collector (Model STR-808-10/EV) the value of

while F ( ) = 0.4 [12].

Now equation (12) can e expressed as following:

(13)

Instantaneous efficiency Also was considered to
evaluate the efficiency of the used solar collector.
Instantaneous efficiency is defined as the amount of
energy absorbed by a solar collector over a 15-minute
periodof the given system. The following equation was
used to calculate it:

p

the specific heat of water = 

Likewise, the overall efficiency of the whole
installation also considered in this study and expressed as
following:

where (T ) is the final average temperature and (T ) is thef s

starting temperature.
An evacuated tube cylindrical - parabolic solar

collector   manufactured     by    Electronica  Veneta
(Model STR-808-10/EV) was employed in this study.

As it can be seen in Figure  1,  the  collector includes
a  cylindrical-parabolic   reflector   with   steel  surface
(1500 X 500 X 160mm) forming specular surface of 0.75m2

and an absorbing element constituted by a glass tube
with 30mm diameter and 6mm thickness, which contains a
black painted copper tube used for limiting energy losses
of the inner tube.



World Appl. Sci. J., 23 (10): 1386-1391, 2013

1389

The solar collector also includes 25 liter Storage tank,
circulation pump, control board, flow meter and
thermocouples for reading the inlet and outlet water
temperature.

As mention earlier the test was performed in Yanbu
city which is a major Red Sea port located in the Al
Madinah province western Saudi Arabia (at 24°05'N
38°00'E).

RESULTS AND DISCUSSION

Yanbu City environmental conditions offer an
excellent opportunity for the use of TPC system. Over the
testing period the daily average readings are tabulated in
Table 1 below as maximum, minimum and mean readings.
With high solar intensity, ambient temperature and low
wind speed and relative humidity Yanbu city's climate
conditions grant a great potential for utilizing the
abundant solar energy source. The lowest solar radiation
reading (I ) recorded during the experiment period was 601D

W/m , while the maximum reading recorded was as high as2

741 W/m .2

In order to analyze the instantaneous efficiency,first
set of analyzed readings was chosen randomly as one full
day out of the 8 days of the experiment period. Figure 3
below shows the instantaneous efficiency of the collector
over the experiment period in hours.

Due to the high rate of solar radiation, the
instantaneous efficiency of the collector started as high
as 33.6% at the start of the experiment and increased
gradually till reached 62% at the end of the experimental
daily period. The study performance of the collector can
be justified by the stability of the climate condition
throughout the day as can be seen in both Figure 4 and 5.
The nature of Yanbu city’s climate with no dramatic
changes throughout the day grants a stable performance
of the collector. Figure 4 shows the variation of both
ambient temperature and relative humidity over the time of
the experiment. Ambient temperature varied by 3.6°C over
experiment duration. Likewise, relative humidity varied by
11.8%.

Even less variation was also recorded for both wind
speed and solar radiation parameters. Figure 5 shows a
variation of 5.3Km/h and 54.13 W/m  in wind speed and2

solar radiation hourly readings respectively.
The analysis results of the average daily readings

over the 8 days of the experiment period also confirm the
findings of the instantaneous  results.  Figure  6  shows
the  thermal  efficiency  as  well  as  the overall efficiency
as  defined  earlier  against  the  period  of  the  experiment.

Table 1: Yanbu climate conditions over the testing period
Parameter Minimum Maximum Mean
T  (°C) 28 26.3 27.15in

I  (W/m²) 601.48 741.09 648.31D

T (°C) 28.8 36.2 32.5ambient

RH% 4.5 29.7 17.1
Wind speed Km/h 1.43 7.1 4.26

Fig. 3: Instantaneous Efficiency.

Fig. 4: The variation of ambient temperature and relative
humidity duringthe day.

Fig. 5: The variation of wind speed and solar radiation
during the day.
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Fig. 6: Thermal and overall efficiency the experiment period. Relative humidity altered by 34.3%

Fig. 7: The variation in solar radiation and relative temperature different ( T = T  – T ) divided by the solar
humidity radiation (I ) as shown in Figure 9;provide an insight into

Fig. 8: The variation of both wind speed and ambient The performance of a parabolic solar trough was
temperature experimentally examined under Yanbu city’s climate

Fig. 9: Thermal efficiency vs. T/I . ministry  of  water and  electricity in Saudi Arabia to startD

The lowest calculated installation’s overall efficiency was
32.77%, while the highest was 43.58%. The overall
efficiency altered only by 4.1% from one day to another.
This variation is caused by the daily variation of the
climate conditions as it can  be  seen  in  both  Figure 6
and 7.

On the contrary, the thermal efficiency was stable
over the experiment period with an average value of
38.8%.This result is in agreement with both studies
mentioned previously [9, 11]. Figure 7shows the variation
in solar radiation and relative humidity over the 8 days of

from minimum values of 6.2% to maximum value of 40.5%.
Yanby city as a coastal city experiences high rate of
humidity, however usually it tends to reach its highest
ratesonly at night.

Likewise, Figure 8shows the variation of both wind
speed and ambient temperature during the same period.
Wind speed never exceeds a value of 4.7Km/m and altered
by 2.2Km/m during the experiment period. Similarly, the
ambient temperature variation was only by 3.8°C, between
maximum value of 33.28°C and minimum value of 29.43°C.

Representing the thermal efficiency data against the
abs a

D

the stable performance of the solar parabolic collector in
comparison with flat solar collector technologies. This is
mainly due to the fact that the solar parabolic collector the
thermal losses are inversely proportional to the
concentration ratio (C) as shown in Equation (10).

The efficiency of collector remains high at high inlet
temperature; this is considered as one of the advantages
of the solar parabolic collectors.

CONCLUSION

conditions. The experiment was carried over a period of 8
days. Solar radiation, wind speed, relative humidity and
ambient temperature parameters were measured regularly
each 15 minutes. Instantaneous efficiency, thermal
efficiency and overall installation efficiency were defined
and calculated. Results indicated that Yanbu city's climate
conditions grant a great potential for the utilization of the
abundant solar energy source. The instantaneous
efficiency goes as high as 62%. The average thermal
efficiency was 38.3%, while the overall efficiency was
stable at 38.9%. The results of this study encourage the
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