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A B S T R A C T  
In this research, a practical and theoretical study was conducted to evaluate the 

performance of parabolic trough collectors (PTCS) of length (3 m) and width (2.67 m) 
for three solar collectors connected in parallel, and the absorber tube is made of 
stainless steel with an internal and external diameter (0.028 m), (0.031 m), respectively. 
The absorber tube of length 11 m, was painted with un shiny black paint to increase the 
absorption of sunlight and reduces the thermal radiation. The working fluid is 
transferred through the receiver tube and located at the focus area of the three 
collectors. The collector width aperture width was 0.8 meters, and 2.40 meters length 
with rim angle of Ø = 90°, and concentration ratio of 8.02. The collector surface was 
covered with aluminum foil which is available in the local market (3M SA-85), which 
covers galvanized iron sheets with a thickness of 2 mm. A computer program in Fortran 
language was built to calculate the performance of the solar collector. Experimental 
results of the test showed that the performance factor of the solar collector is less than 
the typical type, where notes that there is a large deviation between the theoretical and 
experimental results, especially in the winter, where the deviation in the morning at ten 
o'clock about 78%, while it was 5% at noon. The large deviation value mentioned 
resulting from the assumptions that have been developed to simplify the equations that 
were used in the theoretical side of research, also the reasons that the theoretical results 
are taken on the assumption that weather conditions are clear sky and that contrary to 
reality in the winter. ةThe best efficiency of the solar collector was between solar time 
(12:00) and time (1:00) at night for two seasons,  and the obtained results showed that 
the increase of mass flow rate of fluid from the amount of (0.033) kg/sec to the amount 
of (0.066) kg/sec increases the efficiency of solar collector, but leads to reduce the 
temperature difference between the inlet and exit, as well as the results showed that an 
increase in solar flux increases the useful energy obtained from the solar collector. 

 

 
 

1. INTRODUCTION 
God bless our country with renewable energy sources: sun, 
wind, biomass. Statistics show that Iraq receives the 
equivalent of solar energy more than 5,000 trillion 
(kWh/year), which is more than the total energy of the 
country's consumption, and that the average daily global 
radiation is about (5 kWh) per square meter per day and 
sunny hours range from 2,300 to 3,200 sunny hours per 
year[1]. There are three main types of solar collectors: flat 
collectors, concentrated collectors and evacuated tube 
collectors, each type contains different shapes, and each 
form has distinctive characteristics that make it suitable for 
some uses, and we will address the type of our study: 
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2. PARABOLIC TROUGH COLLECTOR 

Parabolic trough collector consisting of moving reflective 
surface and a fixed tube that passes along the focal line as in 
Figure 1.2. The reflective surface is located and takes the 
form of a part of a cylinder, the reflective surface focuses 
the fallen rays on the liquid-carrying tube, and moves this 
surface to follow the sun's daily movement. 

Parabolic Trough collector is the best type with respect to 
collectors [2] because of its ability to operate at high 
temperatures and give high efficiency. Compound Parabolic 
Collector [3] operates at an efficiency of about 32% and flat 
plate solar collector [4] at about 10%, therefore parabolic 
trough collectors are used in many engineering applications, 
such as steam generation for industrial applications [6], 
Power generation [7,8], domestic heating, and desalination 
of seawater [9,10].  

Copyright©Authors, 2021, College of 
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Most of the published studies in the subject of 
parabolic trough collector aimed at generating electricity by 
focusing solar rays on the absorber tube (fluid-bearing tube) 
which used in the solar power plants (SEGS) [11,12]. Most 
studies have also focused on the use of industrial oil as a 
major fluid passing through a tube located at the center of 
the solar radiation-focused inverter.and after the working 
fluid is heated, it passes on another heat exchanger carrying 
water intended to convert it into water vapor for use in 
steam turbines. The use of such oils is associated with a 
number of industrial problems, such as toxicity, ignition, 
thermal instability and high cost [13]. In 1992, Dagan et al. 
[14] and Lippke [15] proposed three concepts for a DSGC 
system. which is to generate Super-heated steam in the first 
stage, and then recycling to generate wet steam and then 
injected into steam to control the quality of steam and 
unsteady flowing inside the absorbent tube. 

In 1996, Kalogirou[16] designed parabolic trough 
collector with surface area of (3.5m2 ) and rim angle of 90o 
degrees and a concentration ratio (21.2) performance 
measurements performed in accordance with the Standard 
ASHRAE 93 (ASHRAE 1991). In the same year, Ibrahim 

[17] used six connected parabolic collectors, each of them 
with a length of (1.14m) long and wide (0.12m) and a total 
area of (0.82m2).  In 1997, Almanza and Jimenez [18] were 
able to get steam from using a 29-meter-long absorbent tube 
installed in the focus of the parabolic trough collector with 
an opening width of (2.5m) and a diameter of (25.4mm).  

    In 1999, Bakos et al. [19], using a 12-square-meter 
parabolic trough collector with two axes tracking 
technology for the purpose of monitoring the movement of 
the sun and obtaining a high radiation concentration. In 
2001, Singh and Sulaiman [20] were able to calculate the 
heat transfer coefficient on the surface of the fluid-bearing 
tube used in solar centers, which plays a major role in 
calculating the performance efficiency of the solar collector, 
where it was able to establish a mathematical relationship by 
finding a remote factor as a temperature function instead of 
a dynamic viscosity factor, and as a result able to calculate 
the effect of the diameter of the fluid-bearing tube on the 
speed of fluid flow, at water temperatures ranging from 0 to 
360°C and at a constant mass flow rate. 

In 2008, Derek Lipp [21] conducted an experimental 
study to find the best focal length and best width in the 
parabolic solar collectors based on the value of solar 
radiation. 

In 2010, TadamunYasin Ahmed [22] studied the 
thermal performance of parabolic trough collectors. The 
solar collector was (1.9 m) long, 1 m width, and used a heat 
absorbent tube with an internal diameter (0.026 m) and an 
external diameter (0.03 m) with water as heat transfer fluid. 
The experimental study was completed during the summer 
and winter in Tikrit, Iraq. Solar radiation for Tikrit, 
calculated theoretically. The theoretical study was 
completed using the Fortran 90 program, specifications and 
dimensions of the solar collector injected into the program 
to calculate theoretical thermal efficiency. The practical 
thermal efficiency of the solar collector was found to be 7-
15 % lower than the theoretical efficiency. The increase in 
mass flow rate was led to an increase in thermal efficiency. 

The current study used three receivers, each with a 
length of (2.4m), and width (0.8m) and a total area of 
(5.76m2). Absorbent tube length (11m), diameter (31.75 
mm) and rim angle (90) degrees. The concentration ratio 
(25.19). The measurements were made in accordance with 
ASHRAE 93 (ASHRAE 1991). 

3. EXPERIMENTAL PART 

The parabolic solar collector model is designed and 
manufactured in the laboratories of the Department of 
Mechanical Engineering, Tikrit University). As described in 
diagrams No. (1), and (2), photographs (3) and (4), 
according to the engineering specifications described in 
table (1). In order to ensure that the sunlight falls on all 
areas of the collectors during the test, the distance between 
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the collectors is limited to (20 cm), where the distance 
between the centers of collectors is (100 cm), the width of 
the collector (80 cm), so the distance between the ends of 
each collectors not exceed (20 cm) and this is sufficient 
distance to avoid interference. 

 

Table (1) Engineering specifications for the solar collector 

Value Subject 
5.76 m2 (Collector aperture area) 
0.8 m Collector aperture)( 
°90 (Rim angle) 

31.75 mm (Receiver diameter) 
Manual (Tracking mechanism type) 

North-South, Horizontal (Mode of tracking) 
25.19 (Concentration ratio) 

 
 

 

 

The locally manufactured collectors his diagram is 
shown in figure (1) and (3) consists of eight main parts:  

3.1. Iron Fram 

 It is a structure of 3m -long and 2.8m width, and the 
structure was made of lightweight square iron sections for 
easy installation and binding in the required places and 
mounted with screw joints and columns that allows the tilt 
angle to be changed according to the angle of latitude as 
shown in figure (2) and (3). The tilt angle control 
mechanism is shown on both sides in order to get rid of 
vibrations and get a steady and balanced movement, 

knowing that the control mechanism is a serrated rod 
mounted on the same to give the user the freedom to choose 
the angle of inclination according to the design prepared for 
it. 

3.2. Solar Collectors  

Solar collectors are made from galvanized iron plates 
designed to give a suitable and calculated focal length, 
formed by roller devices according to the design dimensions 
of the collectors to ensure the reflection of sunlight to the 
focal line. Aluminum foil sheets have been installed with 
high reflectiveness and according to what is available in the 
local markets on the concave part of the collectors to reflect 
the solar rays on the focal line, which represents the 
absorbent tube (carrying fluid). The plate is installed on an 
iron structure to get a coherent collector and remain constant 
during the test.  

The manual tracking mechanism is a serrated rod 
similar to the tilt angle control mechanism with high 
flexibility to reverse the direction of the solar collectors and 
track the movement of the sun from east to west and as 
shown in figure (4). The nature of soft teeth has been chosen 
to allow us to control accurately and direct the collectors 
with precise mechanical motion so that we can maintain the 
concentration of solar rays towards the focal line and 
throughout the test period to get the right results. 

3.3. Absorbent Tube 

The tube, represent the important part, for the system. It is 
made from stainless steel with diameter of (31.75mm), and 
length (11m). The tube passage along the length of the focal 
line and fixed by screws on the steel frame. Thermocouples 
are installed at the inlet and exit vents. Flow meter was 
installed before the inlet vent to control the flow rate 
through a lock diameter (12) mm and a check valve 
diameter (31.75) mm to prevent the return of the fluid to the 
inlet as shown in figure (7), also a lock of diameter (12) mm 
was installed in the outlet hole to precisely control the 
amount of fluid flowing from the tube carrying the fluid to 
the outside, the tube was coated with a matte black dye to 
increase the absorbency of the tube. The tube was also 
isolated from the space between the collectors to reduce 
thermal loss. 

3.4. Flow meter 

It is a flow measuring device with gradations of (0.4 - 4) 
liters / minute as shown in picture (5). A measuring ruler 
was used to mark small flows of fluid that are less than (0.4) 
liters / minute and their accuracy was confirmed by 
conducting experimental readings by calculation of the 
quantities of fluid exiting during a unit of time for different 
flow quantities. 
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3.5. Thermocouple 

It is a thermocouple (type k) to measure the temperature of 
the fluid at the inlet and outlet vents of the absorbent tube 
(the fluid carrying) as shown in Figure (7), where these 
thermocouples were connected by special channels linked to 
a computer and located inside iron box near the system.  
The readings were recorded by computer via the thermal 
monitoring system program and stored on computer files 
after entering the required data of air temperature, testing 
periods, and reading periods. 

The thermocouple heads were installed into the holes 
that drilled especially in the walls of the absorbent tube (the 
fluid carrying) by nuts with the same diameter of the 
thermocouple and then welded to the inlet and exit holes by 
special welding of stainless steel, and its depth was suitable 
to be in the center of the tube.  The temperature of the fluid 
in the inlet and exit holes was measured using a digital 
thermal monitoring system. The ambient temperature, in 
addition to measuring it using this device, was also 
measured using a mercury thermometer with a range of 100 
degrees Celsius and with an accuracy of 0.1 degrees Celsius. 

3.6. Thermal Control System 

It is an electronic board that was manufactured from a group 
of registers, thermal resistors, integrated circuits (I.c.), and 
electronic filters, all of which were attached to a Visa type 
electronic board installed in one of the slots of the 
expansion slots in the motherboard inside a tabletop 
computer. The control system was installed inside a 
thermally insulated iron box to ensure the continuity of 
electrical current during the testing periods, where the 

 

 

computer was connected to an inverter and a charging 
battery that lasts for 8 hours, as shown in Figure (6). The 
computer, through the thermal monitoring system program, 
records the temperature readings of the fluid in the inlet and 
exit area by the thermocouples connected to the computer 
via an electronic board containing 16 channels, as it has the 
ability to measure the temperature of each thermocouple 
directly and with an accuracy of 0.1 ° C, where the readings 
are taken automatically and during specified periods by the 
user and during specific hours as well. The arrangement of 
the channels is in the form of opposite pairs and each pair 
contains    a positive terminal and other negative. 

3.7. Tracking Mechanism Type 

It consists of a toothed rod, fixing nuts and guide arms, as 
shown schematically in figure (2) and (4). It has been 
designed with smooth teeth to provide accurate and easy 
movement during the process of tracking sun movement 
from east to west, where movement and change of direction 
are uniform for all collectors in order to obtain a permanent 
focus of the solar rays towards the focal line, and by the 
same mechanism the angle of inclination of the receiver is 
changed and it is designed to be from two sides in order to 
avoid the vibrations that may occur during the experimental 
tests. 

4.Thermal Efficiency Calculation 

The measurement and testing of thermal efficiency depends 
on the increase in the fluid temperature difference between 
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the inlet and outlet vents of the tube and on the direct solar 
radiation (GDN) data which is measured at the same time as 
the temperature difference is measured. In such designs and 
tests, they are usually conducted for a period of ten or five 
minutes and from these readings the amount of thermal 
efficiency is calculated.  The efficiency of parabolic trough 
solar collector (PTC) is calculated experimentally by 
dividing the amount of energy absorbed in the fluid that 
flows inside the tube (Receiver) on the amount of energy 
incident on the area of the receiver, which is expressed in 
the following formula [23]: 

 

whereas: 

 (Aa): represents the collector aperture area. 

 (Gbp): represents the direct solar radiation component 
falling on the area of the receiver, which depends on the 
calculation of the incidence angle of solar radiation (θi) and 
the value of direct radiation (GDN) measured practically 
using the port lock system, which is a device that has the 
ability to measure weather conditions variables from direct 
solar radiation, wind speed, relative humidity, and air 
temperature. 

 The value of solar radiation is calculated at each time 
period due to the difference in the amount of solar radiation 
and the angle of incidence of the sun. 

 

 Where: ( ) represents the angle of incidence of the sun. 

 ( ): represents the area of the three collectors and its value 

(5.76 m2). 

( ): represents the rate of mass flow of fluid entering the 
solar collector. 

 (Tfo - Tfi) represents the temperature difference 
between the inlet and outlet of the fluid-carrying tube, and is 
practically measured by thermocouples, as mentioned 
previously. 

 As for the specific temperature (Cp) of the fluid, it is 
calculated directly from the tables of the physical 
specifications of the water and at each time period and at the 
average temperature between entry and exit. 

As for the rate of thermal energy absorbed by the  
fluid (CpDt), it is also calculated at each measurement period 
and depending on the difference in temperature of the fluid 
between inlet and exit, and at the specific temperature 
values of the fluid and for each flow rate.  

 It is worth noting that when conducting tests and 
practical calculations for the solar radiation component and 
calculating the angle of incidence of solar radiation, it was 
found that its value most of the time = zero or close to zero, 
and in the worst cases even in the winter when the sun is 
low, we found that the solar radiation component is 
approximately equal to the value of radiation.  The 
measured solar system is practically measured and for the 
same time and conditions. The reason is that the tracking 
process of the sun’s disk is conducted with two axes from 
east to west and the axis of the angle of inclination of the 
collector that is changed every test day according to the 
solar incidence radiation which is changed along the year. 
Thus, the orthogonal fall of the solar rays towards the 
receiver is preserved, so the practical solar radiation values 
have been adopted in the calculation of the thermal 
efficiency as follows: 

 

 Table (2) shows a mathematical model for thermal 
efficiency, where the obtained results represent the data that 
go into calculating the thermal efficiency. The columns in 
the aforementioned table represent the practically measured 
data for fluid temperatures in inlet and exit and solar 
radiation, as well as represent the practically measured data 
for wind speed and relative humidity for the test days. The 
thermal efficiency of the first row in the table will be 
calculated as an illustration of the calculations that took 
place during the test months of 2019. The average 
temperature of the fluid is extracted as follows: 

 

 At this temperature, the specific water temperature 
(CP) is calculated by using the tables for the physical 
specifications of the water. 

 CP = 4186.72 (J / kg. k) 

Thus, when dividing the total energy absorbed by the 
fluid to the total solar radiation on the surface of the 
receiver, the required thermal efficiency is calculated as 
follows: 

 

 And so for the rest of the calculations that were 
practically calculated and for all days of the test. 

 Equation (1) is used to process practical data collected 
during the tests. 
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5. Theoretical Part 

The numerical analysis method was used in the simulation 
procedure to determine the performance of the thermal 
model and solve the performance parameters of the solar 
collector. A computer program in Fortran language was 
built to obtain the results. 

6.  RESULTS and DISCUSSION 

 The experiments were conducted from 10:00 in the 
morning until 2:00 in the afternoon on all the different 
testing days and throughout the year and for the various 
seasons of the year 2012. The tests were conducted on days 
7, 14, 21 and 28 of each month and for different flow rates 
and different water temperatures.  It is entered into the 
absorbent tube, but it is worth noting that some days whose 
data were approved do not match those dates due to bad 
weather or some special circumstances that prevented 
testing on some days. 

 6.1 .Theoretical Results 

As part of the study, the theoretical analysis method was 
used in the simulation to determine the performance of the 
solar collector to study the effect of forced convection 
resulting from the effect of fluid flow and the incident rays 
reflected on the receiver and focused on the absorbent tube. 
A computer program in the Fortran language was built to 
calculate the performance of the solar collector.  
Measurements were carried out at the conditions and limits 
that were determined and in accordance with the 
requirements of the proposed design. The results obtained 
gave a performance efficiency of (50%) in the winter at 
mass flow of (0.033) kg / s, while in the summer the 
efficiency values were close to the value of (54%) and for 
the same values of mass flow of fluid, which is an 
acceptable percentage within the designs for solar 
collectors. 

6.2. Experimental Results 

 On the practical side, the thermal efficiency of the solar 
collector was calculated through the readings that were 
recorded by the aforementioned devices. The readings were 
recorded at a different mass flow at a value of (0.033) 
kilograms / second and a value of (0.066) kilograms/second. 

 The solar collector was tested with different weather 
conditions over nine months of 2019, as (900) readings were 
recorded for each of the variables included in the calculation 
of thermal efficiency in addition to the values of ambient 
temperatures, relative humidity values , and wind speed 
values at the same times in which the values were recorded.  
In this research, the values of solar flux, ambient 
temperature, and wind speed obtained from a Port log 
meteorology system were adopted for all test days and from 
10:00 am to 2:00 pm. 

6.3.Discussion and Comparison Of Theoretical And 
Experimental Results 

To know the extent of congruence between the results 
obtained in the theoretical side with the results obtained in 
the practical side of this research, this comparison has been 
clarified through its representation in figures (8), (9), (10), 
and (11). The results showed an increase in the thermal 
efficiency when increasing the mass flow rate of the water 
entering the solar collector, and this is consistent with the 
experimental results as shown in figure (8), which shows a 
comparison between theoretical and experimental results for 
the values of thermal efficiency at a flow rate of (0.033) kg / 
s and a flow of (0.066)) kg/s in the winter season for 7 
January 2019 and 21 January 2019, respectively. 

 

Figure (9) shows a comparison between the theoretical 
and experimental results of the values of solar radiation in 
the winter season on 7 January, 2019, where it is noticed 
that there is a large divergence between the values, as the 
deviation at ten in the morning reached (78%) while the 
deviation reached at twelve O’clock About (5%). 

The aforementioned deviation ratio is due to the 
assumptions that were developed to simplify the solution of 
the equations that were used in the theoretical side of the 
research in terms of the dependence of the rates of values 
with respect to the temperature of the ocean, tube or fluid, 
As well as the theoretical solar radiation values that directly 
affect the efficiency values, as they are calculated 
theoretically without reference to practical devices that 
automatically record realistic readings. 

The reason is also attributed to the fact that the 
theoretical results are taken on the assumption that the 
weather conditions are good and the sky is clear. This is in 
contrast to the reality in the winter season where there is a 
clear fluctuation in the values of solar radiation, as a result 
of the presence of clouds that lead to the dispersion of direct 
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solar radiation and change the rate of its values during the 
test period, although that days were chosen in good weather 
conditions. 

 

 

 

In the summer season, the results were very close in 
terms of the values of solar radiation, as shown in figure 
(11), which shows the comparison between the theoretical 
and practical results of the values of solar radiation in the 
summer season on 5/5/2019, where there is a great 
convergence between theoretical and practical results.  The 
reason is the convergence of the actual weather conditions 
in the summer with the conditions that were taken into 
consideration in the theoretical results in terms of clear sky, 
direct solar radiation, and the height of the sun disk. 

 

It is worth noting that the theoretical results were 
recorded and calculated at the average values for the 
variables included in the theoretical equations to calculate 
the performance of the solar collector in terms of the 
ambient temperature and the temperature of inlet and exit of 
water, as well as the values of solar radiation, which are 
theoretically calculated and their values automatically 
compensated by the computer program. 

Discussing the experimental results in terms of solar 
radiation values, ambient temperatures, and thermal 
efficiency of the solar collector between winter and 
summer: 

 Table (2) shows a sample of the results of the process 
that were obtained in the winter season and on 7 January 
2019, with a mass flow rate of (0.033) kg /s, and this table 
shows that the highest value of the solar flux was obtained is 
(823 W/m2) and at the hour 12:10 As the solar radiation 
decreases with time according to a sinusoidal function. 
Figure (12) shows the temperatures of the ambient and of 
the water entering and leaving the absorbent tube on 
1/7/2019. 

Table (2) Practical measurements in the winter season for 
1/7/2019 when a mass flow of water (0.033) kg / s 
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Table (3) shows a sample of the results obtained in the 
summer and on 7 May 2019 with a mass flow rate of (0.033) 
kg/s. This table shows that the values of solar radiation and 
ambient temperature are much higher than those days in the 
winter season, and thus the increase in the water 
temperature, as it was significantly higher, which led to 
obtaining a relatively higher efficiency from the winter 
season, as the efficiency improved well. The reason is 
attributed to the lack of thermal losses from the absorbent 
tube due to the high temperatures of the ocean 

Table (3) Practical measurements in summer for 5/7/2019 
when a mass flow of water (0.033) kg / s 

 

 

 

 

 

 

 

 

 

Figure (13) shows the temperatures of the ocean and 
the incoming and outgoing water from the solar collector 
recorded during the same test hours of 5/7/2019. 

 

 

Figure (14) shows a comparison of the solar radiation 
values between the winter and summer seasons of 2019, 
which shows the high average values of solar flux during 
the summer season, which is attributed to the increase in 
sunlight hours and the high angle of incidence of sunlight, 
so that it is almost vertical at the site in which the test was 
carried out, which is mainly due to change the movement of 
the earth and change the axis of rotation of the earth around 
itself. 

The useful energy obtained from the collector 
increased from 10:00 to reach its highest value between 
12:00 and 1:00 hours, coinciding with the increase in the 
solar flux as shown in figure (14), then it returns to decrease 
with the decrease in the solar flux. We note the same case 
with the rest of the thermal parameters and for both seasons 
of the year. 

 

Figure (15) shows a comparison between the 
calculated thermal efficiency values in the winter and 
summer seasons at the same flow rate of water entering the 
solar collector, where the calculated thermal efficiency 
values are significantly higher in the summer and the reason 
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is due to the high temperatures and the lower values of the 
thermal losses. 

 

6.4.Comparison of Experimental Results in Terms of 
Change of Mass Flow Rate 

 The change of the mass flow rate and its effect on the 
thermal efficiency values of the solar collector and its effect 
on the temperatures of the water entering the solar collector 
were studied, and the tests were conducted for the winter 
and summer seasons, where the change of the mass flow 
rate of the water entering the solar collector was tested for 
almost similar weather conditions, and it was found that the 
thermal efficiency of the solar collector  increases with the 
increase in the flow rate of the water entering the absorbent 
tube and as shown in figure (16), which shows a comparison 
between the values of the thermal efficiency of different 
flow rates during the winter season where the thermal 
efficiency increased significantly from the increase in the 
mass flow rate of the fluid and the reason is attributed to the 
increased improvement in heat transfer. The absorption of 
thermal energy increases by the water flowing through the 
absorbent tube due to the increase in the velocity of the 
water. 

 

However, the increase in the mass flow rate of the 
water entering the solar collector has led to a decrease in the 
temperature difference between the entrance and exit hole of 
the absorbent tube (receiver), as shown in Figure (17). 

 

Likewise, a test of changing the mass flow rate of the 
water entering the absorbent tube was also performed in the 
summer and as shown in figure (18), which shows a sample 
of the results obtained in the summer where the mass flow 
rate of the water entering the solar collector was increased 
to a value          (0.066) kg / s and the test was carried out on 
14 May  2019 to obtain similar weather conditions, and the 
results showed that the thermal efficiency increased 
significantly with the increase in water flow, while 
increasing the mass flow rate of the water entering the solar 
collector reduces the difference in the temperature degrees  
between the inlet and outlet vents of the absorbent tube, as 
shown in figure (19), where the temperature difference is 
observed during the reduction of the mass flow rate of the 
water entering the tube, and this is also consistent with the 
results of the winter season, which is mainly due to the same 
reasons mentioned above. 
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7. CONCLUSIONS 

 In this research, a number of conclusions were 
reached, namely: 

1- Increasing the solar flux increases the useful energy 
obtained from the solar collector. 

2- Increasing the temperature of the water inside the 
absorbent tube increases the heat losses. Therefore, it is 
preferable to increase the flow of water through the 
absorbent tube. 

 3- Increasing the mass flow rate of the fluid increases the 
efficiency of the solar collector. 

  4- Increasing the mass flow rate of the fluid leads to a 
reduction in the temperature difference between the inlet 
and the exit area of the fluid. 

5- The useful energy obtained from the collectors increased 
from 10:00 to reach its highest value between 12:00 and 
1:00 hours, coinciding with the increase in the solar flux, 
then it decreases with the decrease in the solar flux.  
Heat coefficients for both seasons of the year. 

 6- The best efficiency of the solar collector was between 
(12:00) and (1:00) in the evening 
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 بقعت ماظن نودب ئفاكم عطق عون يسمش عمجم ءادلأ ةیرظنو ةیلمع ةسارد

 يكیتاموتوأ
  2مساق ىیحی ملاس ,  2دبع دمحم ضایف.,1كارز نادیز رضخ
  قارعلا , يدامرلا ,رابنلاا ةظفاحم -رابنلاا يراجم ھیریدم 1

   قارعلا, تیركت , تیركت ةعماج , ةسدنھلا ةیلك  ,ةیكیناكیملا ةسدنھلا مسق 2
 
  ةصلاخلا
 )m 3( لوطب )PTCS( ئفاكم عطق عون يضوح يسمش عمجمل ءادلأا تلاماعم مییقتل ةیرظنو ةیلمع ةسارد تیرجأ ثحبلا اذھ يف

 )Stainless steel( ذلاوفلا نم عونصم )Absorber tube( صام بوبنأو ،يزاوتلا ىلع ةطوبرم طقاول ةثلاثلو )m 2.67( ضرعو

 نم دیزی يكل عامل ریغ دوسا ءلاطب هءلاط مت ,يلاوتلا ىلع طبر )m 11( ھلوطو )m 0.031( يجراخلاو )m 0.028( يلخادلا هرطق

 نیب ام ةثلاثلا طقاوللا ةرؤب يف عقاولا بوبنلأا للاخ عئاملا يرجی ,صاملا بوبنلأل يرارحلا عاعشلإا نم للقیو سمشلا ةعشأ صاصتما

 )Rim angle( )90° =Ø( ةفاح ةیوازو رتم )2.40( ھلوطو رتم )Aperture width( )0.8( طقلالا ضرع ,جورخلاو لوخدلا يتحتف

 يف ةرفوتملا )موینمللأا قئاقر( موینمللأا قرو نم ةدامب هءاسكا مت طقلالا حطس .)Concentration ratio( )25.19( زیكرت ةبسنو

 ءادلأا باسحل نارتروف ةغلب يبوساح جمانرب ءانب مت .)ملم 2( اھكمس نولغملا دیدحلا حئافص يطغت يتلاو )3M SA-85( ةیلحملا قاوسلأا

 عمجملا ءادأ ينحنم نعً اظوحلمً اضافخناً اضفخنم عمجملل ءادلأا ينحنم نأ رابتخلاا اذھل ةیلمعلا جئاتنلا تحضوأ .يسمشلا عمجملل

 ةعاسلا دنع دویحلا غلب ذإ ,ءاتشلا لصف يف صخلأابو ةیلمعلاو ةیرظنلا جئاتنلا نیب ام ریبك دویح دوجو ظحلای ثیح لثامملا يجذومنلا

 تایضارتفلاا ىلإ دوعت ةروكذملا دویحلا ةبسن نإ .)% 5( يلاوحً ارشع ةیناثلا ةعاسلا دنع دویحلا غلب امنیب )% 78( ةبسنً احابص ةرشاعلا

 ذخؤت ةیرظنلا جئاتنلا نأ ىلإ ببسلا وزعیو كلذكو ثحبلا نم يرظنلا بناجلا يف اھمادختسا مت يتلا تلاداعملا لح طیسبتل اھعضو مت يتلا

 يسمشلا عمجملل ةءافك لضفأ نأ ,ءاتشلا لصف يف دوجوملا عقاولا سكع ىلع اذھو ةیفاص ءامسلاو ةدیج ةیوجلا فورظلا نأ ضارتفا ىلع

 يلتكلا قفدتلا لدعم ةدایز نأ اھیلع انلصح يتلا جئاتنلا تحضوأ امك .نیلصفلا لاكلوً اءاسم )1:00( ةعاسلاو )12:00( ةعاسلا نیبام تناك

 .يسمشلا عمجملا ةءافك نم دیزی ةیناث /مغك )0.066(رادقم ىلإ ةیناث /مغك )0.033( رادقم نم عئاملل
 


