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ABSTRACT 

Solar energy is considered one of the most important sources of alternative 

energy in the world, as it is available and has low costs, especially in areas with 

abundant solar radiation, such as our country, Iraq. It is also clean energy that 

leaves no environmental impact when used. They are used in many applications, 

such as solar panels used to generate electrical energy or by taking advantage of 

their heat content, such as those used for desalination, water heating, and cooking. 

Solar distillers are among the most widespread applications to solve the scarcity 

of fresh water. The main objective of this study is to improve the performance of 

stationary solar systems through the use of solar concentrators. In this study, a 

single-slope solar still unit and another unit with the same dimensions and 

specifications connected to a parabolic trough collector (without lenses, with 

lenses over parabolic trough collector, and with lenses on both sides of the 

parabolic trough collector) were tested.The work was carried out experimentally 

under the climatic conditions of the city of Diwaniyah in Iraq (31.99°N latitude, 

44. 93°E longitude) in April, May and June of 2023. 

An experimental model was built on which practical experiments were 

conducted, with the possibility of changing the location of the Fresnel lenses to 

focus the solar radiation on the tube inside or outside the PTC, and there's a 

possibility of rotating the system towards the solar radiation.The experiments 

were carried out within values of water discharge (0.38, 0.5, and 0.78) L/min. 

The results showed the temperature gradually increases to reach its highest 

value at noon, where the highest value of solar radiation, then begins to gradually 

decrease. The maximum water basin temperature of  solar still  coupled to the 

parabolic trough collector with Fresnel lenses outside parabolic trough was 76.8 

°C at 1:00 p.m  with volume flow rate 0.5 L/min in May, while maximum water 

basin temperature (71.7, 74.2, and 75.5 ) °C at 1:00 p.m for conventional, solar 

still with parabolic trough, solar still  coupled to the parabolic trough collector 

with Fresnel lenses over parabolic trough respectively. Using a solar distillation 



 

VII 

unit with a parabolic trough with fresnel lenses on both sides of the PTC 

contributed significantly to improve productivity. The freshwater production in 

May was 7.7 L/m2d, the thermal efficiency was 19.32%, and the rate of 

improvement in productivity was 44.1% compared to conventional. While the 

yield of conventional solar still, and solar still associated with a parabolic basin 

collector, solar energy associated with a parabolic trogh collector, and Fresnel 

lenses over the solar concentrator were (5.3, 6.7, and 7.5) L/m2 d and the daily 

thermal efficiency was (46.9%, 18.1%, and 20.3 %) respectively. The production 

improvement rate was about (28.2%, and 43.3) for solar still associated with a 

parabolic trough collector, and solar still associated with a parabolic trough 

collector with Fresnel lenses over parabolic trough collector, respectively, 

compared to conventional.  
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CHAPTER ONE 

Introduction 

1.1 General introduction 

Water is an essential element for life. Although water covers 71% of the 

total surface area of the Earth, 98% of it is salty water unfit for human use [1]. 

The problem of scarcity of fresh water is one of the biggest problems facing 

societies today [2]. Most countries in the world use desalination systems powered 

by electric or thermal energy, which consume a lot of energy, in which production 

costs increase by about 50% compared to systems powered by renewable energy, 

in addition to the environmental pollution it causes [3][4]. Humanity resorted to 

alternative energy sources to solve the problem of water scarcity with long-term 

and sustainable capabilities [5]. Solar energy is one of the alternative solutions 

with great potential in many parts of the world. The greatest benefit of solar 

energy compared to other energy sources is that it is pure and can be generated 

without any pollution to the atmosphere [6]. Nowadays, one of the enormous 

challenges is how to reduce the demand for fossil fuels, using renewable energy 

is the best option and has been the subject of research around the world. Recently, 

considerable efforts have been made to find alternative energy sources and 

improve their efficiency to reduce problems resulting from the use of fossil fuels 

and the focus on renewable energy use [7] 

1.2 Solar energy 

The sun is an important source of unlimited energy on this planet. The 

concept of solar energy is the use of solar radiation or thermal energy obtained 

from solar radiation. The distribution of solar radiation falling on the Earth's 

surface varies according to latitude and longitude, as some countries receive 

abundant solar radiation, including Iraq at a location of 32.1°N / 44.19°E. Iraq 

annually receives between 1968-2244 kWh / m2 of direct radiation, as shown in 

Figure (1.1)[8][9]. 
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Figure (1.1): Map of horizontal solar radiation in Iraq[9]. 

 Using sunlight and converting it into thermal energy requires solar concentrators. 

1.3 Solar radiation concentration. 

These are techniques that focus solar radiation falling on their surfaces 

through reflection or refraction. They are mostly coated with a layer of nickel, 

aluminum sheets, or mirrors. Reflects the sunlight falling on the mirror's surface 

or lens towards the center of the surface of the receiver with a smaller area. It 

often requires a tracer to get as much heat as possible. Solar energy is collected 

and converted into electrical or thermal energy used in many fields, such as 

freshwater production, electricity generation, heating, industry, sterilization, 

etc.[10]. Depending on the nature of the concentration, there are two types of 

concentrating solar collector reflectors. 
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1.3.1 Linear solar energy concentrating 

The area of concentrated solar radiation in this type of solar reflector is a 

linear shape whose length is equal to the length of the focusing element. The 

system operates at an average temperature (150 - 400°C), and its efficiency ranges 

from 50 to 60%. It can divide into two types as follows [11]:  

a) Parabolic trough collector (PTC): It consists of a highly reflective U-shaped 

surface with a high thermal conductivity absorption tube placed along its focal 

line. The absorbent tube is often painted black to increase its heat absorption. 

This type of solar collector needs one-axisb system to track the sun, as shown 

in Figure (1.2) [12]. 

 

Figure (1.2): Solar reflector concentrator (PTC) [12]. 

b) Linear Fresnel reflector (LFR): It's a modified version of a parabolic trough, 

a linear Fresnel reflector that divides the trough into long, flat, or slightly 

curved rows to focus the solar beam. The parabolic shape of a mirrored basin 

focuses on flowing in a way that resembles a small basin. A straight-line 

receiver, mounted downward, takes this large influx of solar spectrum that is 
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widely spread in the working environment to be converted into another form 

of energy, as shown in Fig (1.3) [13]. 

 

Figure (1.3):  Solar reflector concentrator linear [12]. 

1.3.2 Point solar energy concentrating 

a) A parabolic dish collector (PDC) is a technology that produces high sunlight 

concentrations, reaching between 100°C and 500 °C. Cylindrical, spherical, 

conical, and screw pipettes are used with these assemblies. The receivers are 

usually insulated chambers to reduce heat losses by convection. This focusing 

technology works effectively with the dual-axis tracking system, as shown in 

Figure (1.4) [14]. 
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Figure (1.4): Schematic of a parabolic dish reflector [15]. 

b) Solar concentrator Fresnel 

There are two types of solar collector lenses: flat and convex Fresnel lenses, 

as in Figure (1.5). The sun's rays falling on the lens's surface are refracted 

perpendicular to the axis. The point at which the sun's rays meet is called the focus 

(focal point), which is at a distance from the lens called the focal length. Point-

focus Fresnel lenses (PFFL) have a series of grooves that bend sunlight into a 

common focal point along one length that is highly focused. The French 

mathematician and physicist Augustin-Jean Fresnel in 1822 invented it. Initially, 

PFFL lenses were made of glass, which was heavy and expensive. Nowadays, 

most Fresnel lenses are made of polymethyl methacrylate (PMMA), a lighter and 

cheaper material that is optically equivalent to glass. This lens is widely used in 

solar engineering due to its many benefits [16]. 
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Figure (1.5): a) A convex lens on one side. b) Double-sided convex lens. c) Flat lens 

with one groove point. d) Flat lens with two sides of grooves [17]. 

The concept behind Fresnel lenses is that sunlight is refracted at the surface 

of the lens and reduce the size of the bulk material by forming the grooves in the 

form of a prism, and turning it into a flat plate increases the absorption of solar 

radiation and reduces the losses and the total weight of the lens as well, as shown 

in the figure (1.6)[18]. 

 

Figure (1.6): (A) Convex lens. (B) Cutting grooves for convex lenses. (C) Fresnel lens 

[18]. 
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There are two types of concentrating Fresnel lenses: 

1. Spot Fresnel lenses: They have a circule of grooves that bend sunlight into a 

common focal point along one length, which is highly focused and short focal 

length, as in Fig (1.7- a)[19]. 

2. Linear Fresnel lens: They are series of linear grooves that act as a refractive 

surface and bends parallel sunlight into a common focal line. The sunlight is 

collected and distributed over one dimension, so the focal ratio of the lens is 

small compared to the lens of the sport as in Fig (1.7- b) [20]. 

a b 

  

Figure (1.7):  a) Schematic point focus Fresnel lenses. b) Schematic linear Fresnel 

lens [21]. 

1.4 Solar desalination types 

Solar desalination systems are divided into two parts: direct, which uses 

solar energy to produce distillate directly, and indirect, which uses two sub-

systems, one to collect solar energy and the other to desalinate water[22]. Direct 

solar energy is also divided into passive and active solar energy. Passive solar 

energy is the collection and storage of solar heat at the same time, while the active 

solar system collects solar radiation and converts it into thermal or electrical 

energy using electrical or mechanical devices (such as fans, pumps, etc.). Active 

solar energy is subdivided into Active solar thermal energy technology and 

photovoltaic technology; solar thermal energy is applied in domestic and 
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commercial uses such as drying, heating, cooling, and cooking [23]. There are 

many factors that affect the yield of solar distilation system such as the 

concentration of solar radiation, wind speed, working environment temperature, 

temperatures difference between water and glass, absorption plate area, inlet 

water temperature into still, glass inclination angle, and salt water depth in basin 

[24]. 

1.4.1 Passive solar distillation 

There are many types of passive solar distillers, of which we mention two 

main types: 

1.4.1.1 Single basin with single slope (SS)  

It is used to filter salty or brackish water. A traditional distillation has a 

hermetic basin and a highly absorbent surface coated with a usually black 

material. The basin water heats up and evaporates as the basin absorbs the sun's 

energy. Water vapor condenses on the inner surface of the cover glass. The 

condensed water that flows into the basin is collected in the form of distilled water 

and placed in a storage vessel, as shown in Figure (1.8) [25]. 

 

Figure (1.8): Schematic single-slope solar still [25]. 
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1.4.1.2. Single basin with double slope (DS) 

It has a basin in the middle and two sides covered with 3 mm thick slanted 

glass. Concerning the inclination angles of the condensation hood, the smallest 

(10°), the medium (30°), and the largest (45°), and the height of the sides is 15 

cm. Solar radiation can heat the water thanks to the clear glass. The evaporated 

water condenses under the cover glass before it flows out of the distiller, where it 

will be collected as shown in Figure (1.9) [26]. 

 

Figure (1.9):  Diagram of double-slope solar still (symmetrical) [26]. 

1.4.2 Active solar distillation 

Various techniques are used to improve freshwater productivity due to 

lower passive distillate production [27]. The water brackish temperature is raised 

in active distillation using several external sources such as reflective mirrors, 

Fresnel lenses, solar energy concentrators, evacuated tubes, etc. as in Figure 

(1.10) [28]. 
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Figure (1.10): View of active solar still with flat collactor [27]. 

1.5 Solar still disadvantages 

1. In most cases, the temperature of the water in the solar still does not reach 

the boiling point, which does not contribute to killing germs and bacteria. 

2. Tilted glass cover due to reduced efficiency. 

3. Low productivity of freshwater in conventional solar still. 

1.6 Contribution of study 

The problem of polluted water requires action to increase the availability 

of clean water, as it threatens life in general and the individual's health in 

particular. Most previous researchers have focused on minimizing this problem 

and improving freshwater productivity. The primary objective of this study is to 

investigate and develop a fixed solar system design using a parabolic trough 

collector that positively affects the cumulative yield to increase the yield. In 

addition, raster Fresnel lenses are used to increase the concentration of sunlight 

on the receiving tube in the parabola basin, thus increasing the heat of the liquid 

transported by the pump between the solar collector and the heat exchanger inside 

the solar distiller. 
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1.7 Aims of the study 

1. Experimental study the performamce of SSS, SSS with PTC, SSS with PTC 

with Fresnel lenses inside,  SSS with PTC with Fresnel lenses outside PTC 

at actual weather condation of iraqi climate. 

2. Studying the effect solar radiation, wind speed, and volume flow rate 

(VFR) (0.38, 0.5, 0.76) L/min on productive of freshwater. 

3. Comparing the results of experimental with previous studies 

1.8 Outline of the thesis 

The present thesis is divided into five chapters and fife appendices as follows: 

1.  Chapter one includes an introduction to solar energy and its use, as well as 

types of solar energy concentrators and the types of solar stills. 

2.  Chapter two includes an evaluation of previous literature on the use of 

parabolic troughs and Fresnel lenses for freshwater production. 

3.  Chapter three describes the practical part of the experiment, such as the 

materials used, construction and measuring devices. It also includes equations 

for construction, energy efficiency, productivity improvement ratio. 

4. Chapter four presents a discussion of the results of the current study. 

5.  Chapter five highlights the conclusions obtained in the current study and 

future recommendations.  
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CHAPTER TWO 

Review of Previous Literature 

Introduction 

In this chapter, the experimental results reached by previous researchers in 

the field of fresh water production using solar stills will be reviewed and 

summarized. There are many different methods and techniques for obtaining pure 

water suitable for human use, but in this chapter the focus is on solar stills 

integrated with Fresnel lenses or with a parabolic trough. 

2.1 Previous studies 

2.1.1 Single-slope solar still 

Z. A. Faisal et al. (2021) [29] testing a traditional solar still with an area of 0.39 

m2, another still with the same specifications, and a heating basin theoretically 

and experimentally. The performance of the traditional and modified solar still 

was also tested, where the glass is cooled by a water spray pump for periods of 

time (5, 10, 20, and 30 seconds for every 30 minutes). The fresh water productivity 

for the traditional solar still was 1820 ml per day, and 2410 ml for the equipped 

solar still. With a glass cooling system for a spraying duration of 10 seconds every 

30 minutes (10 seconds / 30 minutes). 

2.1.2 Solar still with Fresnel lenses 

D. Nagasundaram and K. Karuppasamy. (2016) [30] showed that 

seawater desalination using a single-slope solar distillation basin with an area of 

0.062 m2 with a Fresnel lens achieves an increase in distillate by 33%. In March 

Fresh water production for 8 hours by using the lens was 7.5 L/m2 d. Rajesh V R 

et al. (2016) [31] investigated the performance of a single-slope solar distillation 

machine with area (0.175 m2) with a Fresnel lens centered on a preheating tank, 

as shown in Figure (2.1). The maximum yield of the solar still  15.42 L/m2 day 
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with a production efficiency of 55.97% with 33 liters of brackish water in the 

preheating basin. 

 

 

Figure (2.1): Scheme of solar distillers with heating tank and Fresnel lens [31]. 

Aed Ibrahim toward et al. (2017) [32] used the addition of a Fresnel lens 

mounted on a two-axis tracker to a traditional single-slope solar distillation unit, 

as seen in Figure (2.2). In the summer, the production of pure water without using 

the lens was 4.7 L/m2 per day, and with the presence of the lens 7.14 L/m2 per 

day. The enhancement of production was about 51.9% compared to traditional.  

 

Figure (2.2): An illustration of a solar still with a Fresnel lens [32]. 
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Ravishankar Sathyamurthy and Elsayed El‐Agouz (2018)[33], conducted 

an experimental study by adding a glass cover containing fifteen convex lenses 

with a diameter of 90 mm (with a total area of 0.095 m2) to a solar still with an 

area of 1 m2. The results showed that the convex lenses work to increase degrees 

of Heat and thus enhance productivity under the actual conditions of Egypt’s 

climate, where the percentage of improvement in production reached 26.64% 

compared to the traditional distillery. Lei Mu et al. (2019)[34], investigated in 

the improvement of the performance of a solar still with area 0.2 m2 by using a 

Fresnel lens with area 0.75 m2. A Fresnel lens focuses the sun's rays onto a focal 

point inside a solar still. Fresh water production was 8.32 L/m2 per day for the 

solar still with lens and 1.625 L/m2 per day without the lens. The results showed 

an improvement in daily productivity compared with conventional, reaching 

467% and a thermal efficiency of 18.4% for the solar still with lens. 

Ana Johnson et al. (2019) [35] used a point-focus Fresnel lens (0.275 m2) 

coupled with single-slope solar still (0.2 m2) to improve throughput. Experiments 

were carried out at depths of 2 cm and 10 cm. With a Fresnel lens, the maximum 

yield of pure water at a depth of 2 cm was 10.573 L/m2, and without a Fresnel 

lens it was 2.755 L/m2 at the same depth. With an increase in productivity of 281% 

compared to traditional productivity. Rakesh Borase et al. (2019) [36] examined 

the performance of a single-slope solar distiller (0.36 m2) containing a heat 

exchanger. The distillation apparatus's water temperature is improved by a 

focused Fresnel lens coupled with a biaxial tracking device, which focuses 

sunlight onto a copper tube moving parallel to the lens, as shown in Figure (2.3). 

The production of fresh water during 10 working hours was 14.78 liters with a 

volume of 15 liters of water in the basin. 
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Figure (2.3): Diagram of single–slope with Fresnel lens [36] 

M. Muraleedharan et al. (2019) [37] used a comparison of the performance 

of the solar distillation system, which consists of (a single-slope distiller with an 

area of 1 square meter, a concentrating Fresnel lens, a receiving tube inside an 

evacuated glass tube, and a toroidal heat exchanger) with a conventional solar 

system (CSS) as in Figure (2.4). Water and nanofluids (Al2O3) were used as the 

heat transfer fluid. Tested under climatic and solar conditions prevailing in Trichy, 

India. The daily production of the system with water as the heat transfer fluid was 

7.404 L/m2 versus 3.48 L/m2 for CSS. The system showed a productivity 

improvement of 112.6% compared to a conventional system and a thermal 

efficiency of 42%. 
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Figure (2.4): Pictures of a modified solar distillation system (MSDS) [37]. 

Mohammed H.R. AlKtranee et al. (2020) [38] showed that Fresnel lenses 

improved solar energy productivity under the climatic conditions of Iraq. Three 

lenses were used with a total area of 0.0081 m2 with a solar still of 0.2 m2. In July, 

the freshwater production for solar energy with Fresnel lenses and conventional 

energy was 7.87 L/m2 d and 4.94 L/m2 d, respectively. It also improved the 

production by 58.6% compared to traditional methods. Thermal efficiency is 26% 

for CSS integrated with lenses. 

Parimal S. Bhambare et al. (2021) [39] tested the performance of a solar 

distiller with an aperture area of 0.42 m2 with a Fresnel lens with an aperture area 

of 1.06 m2 experimentally as in Figure (2.5). The experiment was conducted in 

May. The results showed the maximum freshwater productivity was 1.3 L/m2d, 

with an improvement rate of 32.19 % and a thermal efficiency of 43.9%. 
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Figure (2.5): Photograph of a solar still with a Fresnel lens [39]. 

2.1.3 Solar still with PTC 

Dattatraya G. Subhedar et al. (2020) [40] studied the performance of a 

parabolic basin integrated with single slope solar still (1m2). Use water and 

nanomaterials (Al2O3) with a concentration of 0.05% and 0.1% as the heat 

transfer fluid. With water as the heat transfer fluid and a depth of 25 mm, the 

maximum freshwater production was 1.5 L/m2 and the system productivity was 

improved by 36% compared to the conventional one. Hossein Amiri et al.  (2021) 

[41] used a parabolic trough under hybrid solar still (0.6 m long, 0.25 m wide, and 

0.075 m high), as in Figure (2.6). In summer, a stationary solar system produces 

0.96 liters of fresh water per day, 55% more than it has in winter. The solar 

collector with tracking systems made 1.266 L per day in the summer. 
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Figure (2.6): a) a picture of the new solar still, b a schematic drawing of the new 

stellar still, and a flowchart of heat transfer [41]. 

Randha Bellatreche et al. (2021) [42] compared the performance of a single-

slope solar still (1 m2) integrated with aparabolic trough collector with and 

without sand inside the solar still basin. The combined solar system produced an 

aquarium equivalent of 5.1 L/m2 d of fresh water, a 50% improvement compared 

to the sand less solar still produced 3.4 L/m2 d.  

 Amrit Kumar Thakur et al.  (2021) [43] tested the performance of a single-

slope solar distillation basin of 0.5 m2 containing granular activated carbon by use 

a parabolic trough collector with an area of 4.2 m2. The system with a layer of 

activated carbon showed increased evaporation rates. The production of fresh 
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water was 4.36 L/m2 per day for the conventional design and 8.08 L/m2 per day 

for the system with an activated carbon layer. The production efficiency of the 

modified design was 85.2% compared to the traditional solar still. 

Hamdy Hassan et al. (2020) [44] studied the performance of a single-slope 

solar distillation basin with an area of 1.5 m2 for six cases are conventional, a 

single-slope solar still containing a steel grid, single- slope solar still with a sand 

layer inside, a single-slope solar still integrated with a parabolic solar concentrator 

with area 3m2, a single-slope solar still containing a steel grid integrated with a 

parabolic concentrator as in Figure (2.7), single - slope solar still with sand layer 

combined with a parabolic concentrator. The maximum fresh water production in 

May is 3.96, 4.32, 4.67, 7.74, 8.15, and 8.77 L/m2 for six cases, respectively. The 

percentage of productivity enhancement is 70.4% and the thermal efficiency is 

23% for solar still integrated with a parabolic trough. 

 

Figure (2.7): Photo of the solar distiller (CSS) integrated with PTC[44]. 

Anil Kumar et al. (2020) [45] used a single-slope 1m2 solar collector with a 

1.513 m2 parabolic trough collector as shown in Figure (2.8). Test the system with 

three saltwater levels (0.15 m, 0.10 m, and 0.05 m). The hot water flows from the 

receiving tube to the solar distiller basin, as it is less dense than the water inside. 

Freshwater production was (3.2 L/m2, 3.645 L/m2, and 4.1 L/m2) for each level, 
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respectively. The thermal energy efficiency was 16% at a water level in basin of 

0.15 m. 

 

Figure (2.8): Scheme of preheater with solar distiller (CSS) [45]. 

Jamel Madiouli et al. (2020) [46] used an empirical comparison of three solar 

systems with a constant area of 1 m2 (conventional still, single-slope solar still 

coupled with a parabolic trough collector, single-slope solar still contains balls 

glass coupled with a parabolic trough collector). Use a heat exchanger made of 

steel and oil as heat transfer fluid. It showed freshwater production and thermal 

efficiency in December (0.95 L/m2, 2.19 L/m2, and 2.4 L/m2) and (13.5%, 13.65%, 

and 14.96%) for the three systems, respectively. The energy productivity 

improvement associated with a parabolic tub without glass balls is 130% 

compared to a conventional still. 

Tamer Nabil and Mohamed M. K. Dawood. (2021)[47] studied the 

performance of a single-slope solar distiller 1m2 coupled with a parabolic trough 

of 2.52 m2 theoretically and experimentally. A vacuum glass tube was used for 

the receiving tube and three heat transfer fluids (water, oil, 3% CuO/mineral oil). 

A finned heat exchanger with oil and nanomaterials was used. In August the pure 

water yield showed 2.955, 3.475, 4.29, and 5.04 L/m2 per day for the conventional 
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and the system with heat transfer fluids, respectively, at depth of 1 cm of salty 

water inside solar still as seen in fig (2.9). The productivity improvement rate was 

about 17.6% at use water as heat transfer fluid. 

 

Figure (2.9): Freshwater yield scheme of (CSS, CSS + PTC + water, CSS + PTC+ oil, 

and CSS + PTC+ 3% CuO /mineral oil) [47]. 

Hamdy Hassan (2019) [48] studied the effectiveness of stationary solar 

collectors (single-slope (SS) and double-slope (DS)) with and without PTC on 

freshwater production. They showed a 6% increase in DS solar energy production 

compared to SS solar energy as in Figure (2.10). In August the collector (SS+ 

PTC) produced 8.2 L/m2 of fresh water and 4.03 L/m2 of conventional water. The 

improvement in production was 103.4% compared to the conventional water and 

the thermal efficiency was at 22.2%. 
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Figure (2.10): Scheme the freshwater yield of (SS, DS, SS+PTC, and DS+PTC) [48]. 

Muhammad Amin et al. (2021) [49] studied the performance of tubular solar 

energy consisting of a solar concentrator (parabolic trough) with an area of 5.1 

m2 and a receiving tube made of aluminum containing a heat exchanger made of 

copper. The system produced 5.32 liters in 6 hours with an efficiency of 44.59%. 

Hamdy Hassan et al. (2018) [50] experimentally studied the relationship of the 

feed water medium with the efficiency of solar dual-slope stills combined with a 

solar concentrator (PTC) with a tracker. Media (salt water, salt water with steel 

wire mesh, and sand moistened with salt water) were used as in Figure (2.11). 

Daily pure water production during summer from a solar still with sand with the 

parabolic trough, solar still with wire mesh coupled with the parabolic trough, 

solar still with the parabolic trough, solar still with sand, and conventional stil, is 

12.47, 11.31, 10.93, 5.28, and 4.51 L/m2, respectively. The production 

improvement of the solar distiller with a parabolic yrough and saltwater medium 

only was about 142.5% and the thermal efficiency reached 30.1%. 
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Figure (2.11): (a) The experimental setup. (b) A picture of a solar still with an oil 

warmth exchanger. (c) The basin's mediums (sand) [50]. 

Mohamed Fathy et al. (2018) [51] studied the experimental performance of 

a double-slope with area (1.5 m2) solar still coupled to a parabolic trough 

collector. A finned heat exchanger with oil as the heat transfer fluid is used. Fresh 

water production for a depth of 0.2 m was (2.31, 4.51) L/m2 for the double-slope 

distiller, and (4.03, 8.53) L/m2 for the system coupled with parabolic trough 

collector, and (5.11, 10.93) L/m2 for the system coupled with parabolic trough 

collector with the tracer in winter and summer, respectively. Show systm  thermel 

efficiency of 36.87% for conventional solar and 23.26% and production 

improvement ratio of 110.9%   for solar still with PTC, respectively at a depth of 

2 cm.  

Hawraa Fadel et al. (2022) [52] examined the performance of a single-slope 

solar still with an area of 0. 154 m2 and another with the same dimensions and 
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specifications combined with a parabolic basin with an area of 1.12 m2. The 

practical tests were conducted under the actual conditions of the city of Najaf in 

Iraq. Water and nano fliud were used as work fluid. The freshwater productivity 

showed 4.16 L/m2d, 6.8 L/m2d in May for CSS and SSSS with PTC when using 

water as working fluid respectively.  

2.2 Summary of literature studies 

Table (2-1): A summary of previous studies in terms of productivity and 

thermal efficiency, experiment type and geographical location. 

Author(s), 

Year, and 

Reference 

Geographical 

location 

Type of 

study 

Solar 

still  area 

(m2) 

Lens 

or 

PTC 

area 

(m2) 

Productivity 

(L/m2d) 

Thermel 

efficiency 

(%) 

Z. A. Faisal et 

al. (2021) 

[29] 

Iraq - Najaf theoretical 

and 

experimental 
0.39  4.66  

Lei Mu et al. 

(2019) [34] 

32.28 °N, 

106.75 °E 

experimental 0.2 

 

0.75 8.32 18.4% 

Amrit Kumar 

Thakur et 

al.  (2021) 

[43] 

13.0821°N, 

80.2702°E 

experimental 

0.5 4.2 8.08 8.55% 

Anil Kumar et 

al. (2020) [45] 

23,16 

°N, 77,36 °E 

experimental 

1 1.513 

4.1 

(for level 

0.15 m) 

16.6% 

Jamel 

Madiouli et 

al. (2020) [46] 

18.2465 °N, 

42.517°E 

experimental 

1  2.19 13.6% 

Hamdy 

Hassan (2019) 

[48] 

26.33°N, 

31.41°E 

experimental 1.5 

 

3 

 

8.2 

 

22.2% 

 

Mohamed 

Fathy et al. 

(2018) [51] 

26.33°N, 

31.41°E 

experimental 

1.5 3 

8.5 use DS 

and oil as 

work fluid 

23.26% 

Hawraa Fadel 

et al.(2022) 

[52] 

32.1° N, 44. 

19 °E 

theoretical 

and 

experimental 

0. 154 

m2 
1.12 6.8 L/m2d  

Present study 31.99°N, 44. 

93°E  

experimental 
0.23 1.12 7.7 19.23% 
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2.3 Scope of the present study 

Most of the rural and remote areas in Iraq, especially the center and the south, 

suffer from desertification and drought due to the scarcity of fresh water and the 

difficulty of access to it, with high turbidity in the water of deep wells. These 

problems can be solved by using solar distillation devices at a low cost, through 

which sufficient drinking water is produced for a family of three to four 

people.The presnt work will focus on: 

1- Manfacturing single -slope solar still using parabolic trough  concentrator 

with heat exchanger unit. 

2- Testing the effect of Fresnel lenses on freshwater production. 

3- Investigation effect of the water flow discharge, solar  radiation, wind 

speed, on basin water tempratuer, and freshwater production. 
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CHAPTER THREE 

Experimental Works 

3.1 Introduction 

The main objectives of the experimental work is to investigate the effects 

of some ambient factors on the evaporation process, in addition to the effects of 

some parameters, including (Fresnel lenses and parabolic trough collectors). This 

chapter includes a description of the experimental apparatus with all its parts and 

how the experimental measuring instruments were used in the present work. 

3.2 Experimental setup 

The  solar system has been installed in the city of Diwaniyah, Iraq at 

31.99°N latitude, and 44. 93°E longitude.  function of the experimental system is 

to produce fresh water, which consists  several main units that were built from 

low-cost materials and are available in the local markets. They are  single-slope 

solar still, parabolic trough collactor, Fresnel lenses, and  in addition the heat 

exchanger unit, as shown in Figures (3.1-a, 3.1-b). 

a)  
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b)  

Figure. (3.1): a) Photograph of parts the experiment when using lenses inside the 

parabolic trough. b) Photograph of parts the experiment when using lenses outside 

the parabolic trough 

Figure 3.2 shows a schematic representation of the solar desalination 

system used in this thesis. 

 

Figure (3.2): Schematic diagram of the device with all its components. 
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3.2.1 Solar still traditional unit 

3.2.1.1 Solar still basin 

The solar basin used from polystyrene with area (0.231 m2) and has 

dimensions of 69 cm in length, 46 cm in width, 41.25 cm in back height, 14 cm 

in front height, and 4 cm in thickness, as shown in Figure (3.3). The slope was 

created by cutting it at an angle of 32 degrees using a CNC machine to maintain 

clean ends. Polystyrene is characterized by adapting to changes in temperature 

and pressure and extreme resistance to moisture. Polystyrene is also a good 

thermal insulator and has practically no leakage. 

 

Figure. (3.3): Images and a schematic of a single-slope solar still. 
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3.2.1.2 Single-slope glass cover 

A transparent glass cover was used for the solar distillation basin, with a 

thickness of 4 mm and an angle of 32 degrees, to transmit most of the incoming 

solar energy. To prevent steam from leaking out from the solar distillation tank, 

the transparent cover is securely attached to the basin using adhesive. 

3.2.1.3 Distillate collection channel 

To collect the condensed distilled water from the basin, the end of the cover 

glass is placed flush with the inside of the front wall. An opening was made in the 

front wall (distillation channel) to ensure the outflow of distilled water, with a 

length of (69) cm, a width of 3 mm, and (1.5 cm) height on one end and (0) cm 

on the other end, as shown in Figure (3.4). 

  

Figure. (3.4): Distillation channel. 
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3.2.2 Salt water feeding mechanism 

A small feeding trough with the same water level was used inside the solar 

distiller connected with the solar distillation trough directly using a pipe. The 

small trough is fed from the salt water tank using a mechanical buoy to control 

the water level inside the two basins (the small trough and the solar distiller 

trough) i.e. at a depth of 2 cm for the solar distillation basin as shown in the figure 

(3.5). 

 

Figure. (3.5):  Images and a schematic of a salt water feeding mechanism. 
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3.2.3 Concentration unit 

3.2.3.1 Parabolic trough collector 

3.2.3.1.1 The design structure of the parabolic trough collector 

The external structure of the parabolic trough with a length of 140 cm and 

a width of 80 cm was made of iron. The arc of the parabolic trough was 

determined by CNC machining, and the angle of the parabola edge was 90 

degrees. The focal distance from the middle of the parabolic collector arc was also 

determined to find out the reflected radiation on the receiving tube, as shown in 

Figure (3.6). 

 

Figure (3.6): Parabolic trough dimensions. 

Table (3-1): Specifications of the parabolic  trough used. 

parameter value unit 

Aperture area  1.12 m2 

Focal length 21.05 cm 

width 80 cm 

length 140 cm 

Type of PTC Concave  

Type of mirror glass reflective  

Absorptivity 0.9  

Concentration ratio 9.91  

Inner receiver diameter 18 mm 
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Outer receiver diameter 19 mm 

Ram angle 90 degree 

3.2.3.1.2 The reflector surface 

Mirrors placed on the frame of a parabolic trough that acts as a reflector 

have high reflectivity. Each single mirror piece measures 5 cm wide and 140 cm 

long. They are paved to create a parabolic basin collector surface as in Figure 

(3.7). 

Figure (3.7): Reflector 

3.2.3.1.3 Receiver tube 

Two receiving tubes are designed with an inner diameter of (18) mm and 

an outer diameter of (19) mm. A receiver tube of length (158) cm was used with 

the lenses above the parabola and a length of (215) cm with the lenses on both 

sides of the basin of the parabola. Each of them contains two cylindrical knots 

with a length of (10) cm, a diameter of (52) mm, and a thickness of (1) mm. They 

have been painted black as in Figure (3.8). 
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Figure. (3.8): Schematic drawing and photo of the receiving tube. 

3.2.3.1.4  Parabolic trough tracking system 

Sunlight was manually tracked using an 18-inch motor with an arm length of 50 

cm in the closed position and 100 cm in the open position as in Figure (3.9). The 

tracking motor operates at a voltage of 220 volts, and the maximum weight that 

the tracking motor can work with is 300 kg. The tracking motor base is installed 

in the iron frame of the parabolic trough, and the movable arm of the tracking 

motor is connected to the frame of the reflecting mirrors trough. 
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Figure. (3.9 ): Motor of parabolic trough tracking. 

3.2.3.2 Fresnel lens 

The Fresnel lenses used in the tester are of the square spot type. The length 

of its side is 30 cm, which is equal to the diameter of its largest prism, and its axial 

distance is 30 cm as in Figure (3.10). 

 

Figure (3.10): Schematic diagram dimension of Fresnel lens. 
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Table (3-2): Specifications of the Fresnel lenses used. 

part value unit 

Lens type spot  

Length lens 30 cm 

Width lens 30 cm 

Area lens 0.09 m2 

Focal length 30 cm 

Refractive angle 36.9° dagree 

refractive index 1.49  

largest diameter of the 

grooves 

30 cm 

3.2.4 The heat exchange unit 

3.2.4.1 Heat exchanger 

A heat exchanger with dimensions (58*36) cm was used, which is a 

winding copper tube with a length of 5.5 m and a diameter of 9.5 mm immersed 

in 2 cm of salt water inside the solar dweller basin. According to figure (3.11), the 

heat exchanger and galvanized sheet are coated black to absorb as much heat as 

possible. 

 

Figure. (3.11): Images of heat exchanger with galvanized plate. 
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3.2.5 Flexible connection pipes 

A set of plastic pipes insulated with glass wool is used to transfer the heat 

transfer fluid in a closed circulation loop between the solar still and the parabolic 

trough collector. These pipes are connected as follows: 

1. Flexible pipe connecting the heat transfer fluid tank to the receiving tube. 

2. Flexible pipe connect the outlet of the receiving tube to the inlet of the 

solar still. 

3. Flexible pipe connects the outlet of the solar still to the heat transfer fluid 

tank. tank. 

3.2.6 Heat transfer fluid circulation pump 

The TM20-type pump is used to circulate the heat transfer fluid (water) 

inside the tubes in a closed cycle. The pump operates at a voltage of 220 volts, a 

frequency of 50 Hz, a capacity of 150W, and an electric current of 0.88A, with a 

protection level of IP 44. The pump can work under a maximum temperature of 

110 °C for the conveyed liquid and a maximum flow rate of 25 liters per minute. 

The maximum working height of the pump is 12 m and the maximum pressure is 

10 bar, as in Figure (3.12). 

 

Figure (3.12): Flow pump picture. 
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3.2.7 Working fluid 

In a closed cycle, water was used as a heat transfer medium between the 

parabolic trough and the solar still. A 1.5 liter tank filled with water was used as 

the heat transfer fluid. Water is transferred from the heat fluid tank by a low-speed 

pump to the receiving pipe and then to the solar still via flexible connecting pipes. 

It returns to the tank from the solar still, and the cycle is repeated. The flow meter, 

which will be mentioned later, determines the flow rate of the volume of water. 

3.3 Parabolic trough calculations 

The parabola used in the present work is a solar collector focused on a 

straight line in one dimension and curved as a parabola in the other two 

dimensions, lined with high reflectance mirrors. Parabola calculations include 

calculating the focal length (𝑓𝐿𝑝), and solar radiation concentration ratio (𝐶𝑅𝑝) 

shown in Figure (3.13) 

 

Figure (3.13): The schematic diagram of a reflective parabolic trough[53]. 
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3.3.1 Focal length (𝒇𝑳𝒑): 

The focal length of the reflective parabolic trough (𝑓𝐿𝑝)can be found by the 

following equation[54]: 

𝑓𝐿𝑝=
x2

4y
                                                                                                                   (3.1) 

Where x is the horizontal coordinate and y is the vertical coordinate of the focal 

length. 

3.3.2 Solar radiation concentration ratio  

The surface of the reflective mirrors of the solar concentrator (the larger 

area) reflects the incident radiation towards the receiving tube (the smaller area), 

to obtain the largest possible amount of solar radiation on the receiving as shown 

in Figure (3.14). 

 

Figure. (3.14): Schematic diagram of a parabolic trough concentration[55]. 

The concentration ratio (𝐶𝑅𝑝), which is the ratio of the effective aperture 

area (𝐴𝑝) to the a area of focus on absorber tube (𝐴𝑓𝑜𝑐), is the most important 

feature of a PTC [56]. 

𝐶𝑅𝑝=
𝐴𝑝

𝐴𝑓𝑜𝑐
                                                                                                          (3.2) 
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The area of the parabolic trough collector (𝐴𝑝) is the product of the trough 

width (𝑊𝑝) and the trough length (𝐿𝑝). The following equation can be used as 

follow [57]: - 

𝐴𝑝=𝑊𝑝 · 𝐿𝑝                                                                                                      (3.3) 

To find the area of concentration of solar radiation at the focus point on the 

surface of the heat absorbing tube [57]:  

𝐴𝑓𝑜𝑐= π Dabs   𝐿𝑎𝑏𝑠                                                                                              (3.4) 

Dabs: is the diameter of the absorbent tube 

𝐿𝑎𝑏𝑠 : is the length of the absorbent tube 

3.4 Fresnel lens calculations. 

In this study, two spot-type Fresnel lenses were used, each side length equal 

to the diameter of its largest groove. A lens reflects the rays of the sun falling on 

the surface area of the lens vertically and focuses them toward a smaller area. 

3.4.1 Focal length of a Fresnel lens (𝒇𝑳𝑭):  

The calculation of the focal length of a Fresnel lens (𝑓𝐿𝐹) depends on the 

prism angle (α), refractive index (n), aperture area of Fresnel lens  as length, 

width,and largest radius of the grooves (𝑟𝐹), and the direction of the grooves 

(inward or outward) as shown in Figure (3.15). 
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Figure (3.15): Schematic diagram dimension of Fresnel lens[58]. 

The focal length equation can be calculated for the lenses used in this 

study that have grooves facing inward (towards the receiving tube)[59]. 

tan α =
𝑟𝐹

n √𝑟𝐹
2+(𝑓𝐿𝐹)

2
-𝑓𝐿𝐹

                                                                                               (3.5) 

3.4.2 Aperture area calculations of a Fresnel lens (𝑨𝑭): 

To calculate the effective Fresnel lens surface area (𝐴𝐹), multiply the lens 

width (𝑊𝐹) by the lens length (𝐿𝐹) as shown in Figure (3.16). Since the lens used 

is square, its largest prism diameter (𝐷𝐹) is equal to the length of one of its sides. 

The equation can be written as follows[60]. 

𝐴𝐹 = 𝐿𝐹 ∗ 𝑊𝐹 = 𝐷𝐹
2                                                                                                            (3.6) 
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Figure. (3.16): Schematic diagram of effective Fresnel lens area and focus area. 

3.5 Calculation of thermal efficiency. 

Energy efficiency can be defined as the ratio of the useful energy to produce 

pure water per hour (Qu) to the amount of energy input per hour (Qs) can be 

expressed by the equation (3.7) [61]  [45]. 

𝜂 =
𝑄𝑢

𝑄𝑠
                                                                                                                   (3.7) 

𝑄𝑢 = 𝑀𝑒𝑣  ∗  ℎ𝑓𝑔                                                                                                   (3.8) 

𝑀𝑒𝑣: is the amount of daily productivity of fresh water. 

ℎ𝑓𝑔: is the latent heat of vaporization of water and is taken as an average value 

of 2335 J/kg to find daily energy efficiency[62]. The latent heat of water 
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vaporization per hour can also be calculated according to the following equation 

[63]: 

ℎ𝑓𝑔 = (2501.9 − 2.40706 ∗ 𝑇𝑊 + 1.192217 ∗ 10−3 ∗ 𝑇𝑊
2 − 1.5863 ∗ 10−5 ∗

𝑇𝑊
3) ∗  103                                                                                                      (3.9) 

𝑇𝑊  : is the temperature basin water in solar still. 

The available solar energy (input energy) that falls on all parts of the test 

device can be calculated by multiplying the area of solar energy receivers by the 

incident solar radiation according to the following equation[64]. 

Q
s
= As  IS                                                                                                                 (3.10) 

Where (IS) the incident solar radiation intensity (W/m2).  As is area of the surface 

for incident solar radiation (m2) 

3.5.1 Efficiency calculations of solar still only. 

The daily efficiency of the solar still can be calculated by the following 

equation depending on the pure water productivity per hour (kg/s), the latent heat 

of evaporation of the basin water (ℎ𝑓𝑔) (J/kg), the average solar radiation per day 

(W/m2), and aperture area of Solar still (m2)[65]. 

𝜂𝑡ℎ =
∑ 𝑀𝑒𝑣∗ℎ𝑓𝑔

∑ 𝐼𝑠∗(𝐴𝑏)∗3600
  ∗ 102                                                                                                   (3.11) 

𝐴𝑏 : is solar still basin area. 

3.5.2 Efficiency calculations of the modified system 

The energy efficiency of the single-slope solar still associated with a 

parabolic trough and Fresnel lenses can be calculated from the quotient of 

dividing the useful thermal energy by the total energy falling on the heat collecting 

surfaces (i.e. the area of the solar distiller in addition to the solar condensers area), 

considering the location of the lenses, as their area is not calculated when placed 

above the parabolic trough collector. According to equation (3.12), the energy 

efficiency is calculated for the solar still coupled with a parabolic trough only, or 
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for the solar still coupled with a parabolic trough with Fresnel lenses above the 

parabolic trough[66]. 

𝜂𝑡ℎ =
∑ 𝑀𝑒𝑣∗ℎ𝑓𝑔

∑[𝐼𝑠∗𝐴𝑏+𝐼𝑠∗𝐴𝑃]∗3600
  ∗ 102                                                                               (3.12) 

𝐴𝑝 : is parabolic trough area. 

for the solar still coupled with a parabolic trough with Fresnel lenses out of 

the parabolic trough collector[66]. 

𝜂𝑡ℎ =
∑ 𝑀𝑒𝑣∗ℎ𝑓𝑔

∑[𝐼𝑠∗𝐴𝑏+𝐼𝑠∗𝐴𝑃+𝐼𝑠∗𝐴𝐹]∗3600
  ∗ 102                                                                          (3.13) 

To calculate the percentage of pure water productivity enhancement ratio, 

the following equation is used[67]: 

𝑃𝐸𝑛ℎ% = (
𝑃M  -  𝑃𝐶

𝑃𝐶
) *100                                                                                (3.14) 

𝑃𝐸𝑛ℎ%: is the Productivity enhancement ratio. 

𝑃M   : is the modified water productivity. 

𝑃𝐶: is the Productivity conventional. 

3.6 Measuring equipment 

During all the experiments that were conducted, different measuring 

devices were used as follows: 

3.6.1 Temperature measurement 

The temperature was measured using 16 thermocouple K-type as in Fig. 

(3.17). They are calibrated with a margin of error (0.2% ± 1 °C) according to the 

calibration results in Appendix B. The thermocouples are fixed at different 

positions of the conventional still and the solar still is coupled to an equivalent 

solar concentrator as shown in Tables (3.3, and 3.4) and Figure (3.18). A 

thermocouple to measure the ambient air temperature in the shaded area and 

another to measure the temperature of the feed tank A thermocouple were 
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installed on the galvanized sheet. The two thermocouples were placed in the still 

basin water, and another thermocouple was placed to measure the steam 

temperature. The temperature of the inner and outer surfaces of the glass was 

monitored by installing a thermocouple on the inner surface of the glass and 

another on the outer surface. Two thermocouples were used to measure the 

temperature of the heat transfer fluid, one at the entrance of the PTC absorption 

tube and the other at the outlet. Sixteen thermal sensors were connected to a 32-

channel digital recorder and data reader (CKT4000) as shown in Figure (3.19). 

 

Figure (3.17): Images of thermocouple K-type 
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Figure (3.18): Distribution of the dual thermal sensors to theparts of the experiment. 

Table (3-3): Distribution of dual thermal sensors on the experimental parts 

of the traditional still. 

 

 

 

 

 

Thermocouple 

no. 

1 2 3 4 5,6 7 8 

Location Ambient 

 

Water 
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temp. 
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plate 

Moist 

steam 

 

Basin 

water 

temp. 

Inner 

glass 

cover 

Outer 

glass 

cover 
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Table (3-4): Distribution of dual thermal sensors on the experimental parts 

of the solar still with PTC. 

 

Figure (3.19): Data logger type (CKT4000) with a capacity of 32 channels. 

3.6.2 Measure the intensity of solar radiation 

To calculate the intensity of the solar radiation falling on the parabolic 

trough, the lenses, and the solar still every hour, Solar power meter, model 

(SM206-solar), was used, with measurement range: 0.1-399.9W / m2, 1-3999 

W/m2, as shown in the figure (3.20). Error percentage is (± 5% or ± 10 W/m2) as 

shown in Appendix C for the calibration process for the solar power meter. 

Thermocouple 

no. 
9 10 11 16 12,13 14 15 

Location 

Fluid 

temp in 

absorber 

tube 

Fluid temp 

out 

absorber 

tube 

Galvanized 

plate 

Moist 

steam 

Basin 

Water 

temp. 

 

Inner 

Glass 

cover 

Outer 

glass 

cover 
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Figure (3.20): Measure the intensity of solar radiation. 

3.6.3 Wind speed measurement 

Using a digital anemometer (BTMETER BT-100-WM), the wind speed 

was measured hourly for its direct effect on solar distillation productivity. The 

device operates with a measurement range of 0.3 to 30 m/s, with a measurement 

accuracy of (+/- 5%) depending on the results. The device has been calibrated in 

the Ministry of Science and Technology / Department of Environment, Water and 

Renewable Energies, Department of Wind Energy, according to book numbered 

(979/3) dated 11/5/2023 as in Appendix D. Figure (3.21) shows the scale used to 

calculate wind speed. 
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Figure (3.21): Wind speed measurement. 

3.6.4 Distilled water collector 

To calculate the amount of water produced per hour and the cumulative 

yield of fresh water, a graduated flask with a volume of 1.2 liters and an accuracy 

of 5 ml was used. 

3.6.5 Measurement of the amount of flowing liquid 

The LZM-Z type liquid flow meter was used to calculate the amount of 

liquid flow (water) between the receiver tube and the heat exchanger. The 

measurement rate ranges from 0.38 to 4 liters per minute with an error rate of 4% 

as shown in Figure (3.22). 
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Figure (3.22): Flow meter image. 

3.7 Experimental procedure 

In this work, the experiments were carried out on different days for the first 

modified system (solar still combined with a parabolic trough collector) with 

conventional, the second modified system (still solar combined with a parabolic 

trough collector with Fresnel lenses over the parabola), and the third modified 

system (solar still combined with a parabolic trough collector with Fresnel lenses 

outside the parabola) with the conventional, as follows: 

1. The work begins with the experiments by assembling the parts of the solar 

system, installing the necessary measuring devices and electrical connections, 

installing 16 thermocouples of type (K) in the positions mentioned in Tables 

(3-3 and 3-4), and connecting them to a reader and a digital data recorder to 

record the obtained thermal data. 

2. Measurement of the solar radiation falling on the solar collector using an 

hourly radiation intensity meter. 

3. Measureing the wind speed hourly with a digital scale and manually record the 

data. 

4. Manually moving the parabola through south and north to track the sun's rays. 
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5. The quantity produced is calculated of pure condensed water per hour using a 

graduated vessel and record the results manually. 

6. Work on all exams starts from 7 a.m to 5 p.m. 
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CHAPTER FOUR 

Results and Discussions 

4.1. Introduction 

This chapter discusses the results of experimental work conducted to 

improve the daily throughput of a single-slope solar system. All experiments were 

conducted from 7:00 AM to 5:00 PM, with a depth of 2 cm of  still basin water, 

and within the climatic conditions of the city of Diwaniyah (31.99°N latitude, 44. 

93°E longitude). In April and May, a volume flow rate of 0.5 L/min was used for 

the heat transfer fluid, and in June, volume flow rates of (0.38, 0.5, and 0.76) 

L/min were used. Based on the presented literature, several parameters affected 

the daily throughput of the system such as wind speed, solar radiation, and 

ambient temperature. A comparison was made between the results of a 

conventional single-slope solar distiller and a solar one equipped with a parabolic 

trough collector. The results were also compared between the use of Fresnel lenses 

as an enhancer to increase the concentration of solar radiation on the absorbent 

tube of the parabolic collector basin, and between the single solar still and the 

solar still associated with the parabolic trough collector. The effect of using 

Fresnel lenses inside and outside the parabolic basin on distilled water yield was 

studied. The amount of fresh water produced was calculated in L/m2 by dividing 

by the area of only the solar still for all experiments 

4.2. Experimental results 

4.2.1. solar still only and solar still with PTC 

The experiment was conducted on the 3rd of April 2023 for a single-slope 

conventional solar device and another with the same dimensions and 

specifications, integrated with a parabolic trough collector. The solar radiation 

intensity was 224 W/m2, the wind speed was 0.9 m/s, and the ambient temperature 

was 19.7 °C at the beginning of the experiment. With time, the intensity of solar 
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radiation increased to reach its maximum intensity at 12:00 p.m to reach 984 

W/m2 and then decrease, while the ambient temperature continued to rise until 

15:00 even after the decrease in solar radiation due to the nature of Earth storing 

heat. The maximum pure water production was 190 mL for the conventional 

device and 231 mL for the PTC-coupled device at 13:00, the total daily production 

was (4.74, 5.98) L/m2 respectively, with an enhancement rate of 26.3% compared 

to the conventional one. The thermal efficiency obtained of conventional up to 

44.7% and 17.05% for the solar still associated with a parabolic trough collector 

at an average solar radiation of 624.6 W/m2 and an average wind speed of 1.5 m/s 

as in Figures (4.1, and 4.2). The effect of the overall performance of the system is 

observed in the solar collecting area when the solar energy collecting area 

increases. The sample temperature rises and the freshwater production increases 

while the thermal energy efficiency decreases as a result of heat loss to the 

surroundings. The purity of the water produced from the solar distiller was 

measured by a purity test device total dissolved solids (TDS) as it reached 20 parts 

per million while the purity of the water entering the distiller was 776 part per 

million (ppm). 
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Figure (4.1): Variation of productivity and environmental conditions with time for 

conventional solar still in 3/4/2023. 
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Figure (4.2): Variation of productivity and environmental conditions with time for 

solar energy associated with the parabolic trough collector in 3/4/2023. 

Figure 4.3 shows temperature changes over time for a conventional solar 

dweller by measuring the temperatures of the galvanized plate, distillation water, 

the inner and outer surface of glass cover, steam temperature, feed water 

temperature, and ambient temperature. At the beginning of the experiment, the 

temperatures of the solar still are close, then they begin to rise as the intensity of 

the incident radiation increases. At 1:00 p.m, the maximum temperature of the  

still basin water reached 69.3 °C as a result of the sun’s rays falling vertically on 

the distiller. the maximum temperature recorded  of outer surface of the glass 

cover 57.6 °C at 1:00 p.m due to the effect of the wind speed on the surface of the 

glass. after 1:00  p.m.  It was observed that temperatures decreased in parts of the 

still with a decrease in the intensity of solar radiation, while the ambient 

temperature remained high. 
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Figure (4.3): Conventional solar still temperature variation with time in 

3/4/2023. 

Figure 4.4 shows the changes in temperature with time for a single-slope 

solar still associated with a parabolic trough. The parabolic trough collector raises 

the water temperature in the solar trough and thus increases evaporation rates. At 

the beginning of the experiment, the temperatures of the solar still are close, then 

they begin to rise as the intensity of the incident radiation increases. At 1:00 p.m, 

the maximum temperature of the  still basin water reached 72.3 °C as a result of 

the sun’s rays falling vertically on the distiller. the maximum temperature 

recorded  of outer surface of the glass cover 61.1 °C at 1:00 p.m due to the effect 

of the wind speed on the surface of the glass. after 1:00  p.m.  It was observed that 

temperatures decreased in parts of the still with a decrease in the intensity of solar 

radiation, while the ambient temperature remained high. 
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Figure (4.4): Temperatures variation with time for the single slope still solar with the 

PTC on 3/4/2023. 

Figure 4.5 shows the freshwater yield of a single-slope solar still and 

distillation unit coupled to a parabolic trough on April 3, 2023. At 8:00 in the 

morning, the solar distillers begin to produce water and gradually increase until it 

reaches the greatest productivity at 13:00 p.m and then decrease after that. The 

intensity of solar radiation and wind speed have a significant impact on 

productivity, as with the increase in solar radiation intensity and wind speed, 

productivity increases. The daily cumulative output of the single solar distiller 

was 4.74 L/m2 d and 5.98 L/m2 d for the distiller combined with PTC. The highest 

productivity was at 13:00 p.m, 190 mL for the traditional one and 231 mL for 72.3 

for the combined device with PTC. 
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Figure (4.5): Variation of distilled water yield with time for the conventional solar 

distiller and the integrated distiller with PTC. 

The second experiment was conducted on May 5, 2023 for a traditional 

single-slope solar device and another with the same dimensions and specifications 

linked to a parabolic basin within the climatic conditions of the city of Diwaniyah. 

At the solar radiation intensity starting from 201 W/m2, the wind speed 1.9 m/s, 

and the ambient temperature 21.2 °C at the beginning of the experiment. With 

time, the solar radiation is at its peak at 12:00 p.m, when it reaches 1061 W/m2, 

and then decreases after that with the ambient temperature continuing to rise. A 

cumulative output was reached for the day of the experiment, with an average 

solar radiation intensity of (672) W/m2 and an average wind speed from (2.1) m/s 

is (6.85, and 5.34) L/m2 per day, for the traditional and solar energy associated 

with a parabolic trough respectively, with an average 27.2% enhancement 

compared to conventional as in Figures (4.6, and 4.7). The system showed a 

thermal efficiency of up to 46.93% for conventional still and 18.1% for solar 

energy associated with a parabolic trough collector. It was noted that the purity of 

the produced water was measured by the TDS device, was at 20 ppm. 



CHAPTER FOUR RESULTS AND DISCUSSIONS 
 

57 

6 7 8 9 10 11 12 13 14 15 16 17 18
5

10

15

20

25

30

35
T

em
pr

at
ue

r 
(°

C
)

 Tambint (°C)

 wind speed (m/s)

 radiation intensity (w/m2)

 pro. of CSS (mL)

Time (hr)

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

W
in

d 
sp

ee
d 

(m
/s

)

200

400

600

800

1000

1200

S
ol

ar
 r

ad
ia

ti
on

 w
/m

2

0

50

100

150

200

250

pr
od

uc
ti

vi
ty

 (
m

L
)

 

Figure (4.6): Variation of productivity and environmental conditions with time for 

conventional solar still in 5/5/2023. 
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Figure (4.7): Variation of productivity and environmental conditions with time for 

solar energy associated with the parabolic trough collector on 5/5/2023. 

Figure 4.8 shows temperature changes over time for a conventional solar 

still over time. At the beginning of the experiment, the temperatures of all parts 
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of the solar still are similar. The temperature of the parameters begins to rise with 

the increase in the intensity of incident solar radiation. At 1:00 p.m, the maximum 

temperature of the water still basin water reached 71.7 °C as a result of sunlight 

falling vertically on the distillation device. The maximum temperature of the outer 

surface of the glass cover was recorded at 59.1°C at 1:00 p.m. After 1:00 p.m, 

temperatures were observed to decrease in parts of the solar, with the intensity of 

solar radiation decreasing. 
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Figure (4.8): Conventional solar still temperature variation with time in 5/5/2023. 

Figure 4.9 shows the temperature changes with time for a single-slope solar 

still associated with a parabolic trough. The system contributes to enhancing the 

water temperature in the solar basin. At the beginning of the experiment, the sun's 

temperatures are close, then they begin to rise as the intensity of the incident 

radiation increases. At 1:00 p.m , the maximum temperature of the solar basin 

water reached 74.2 °C as a result of sunlight falling vertically on the distillation 

device and the parabolic trough. The maximum temperature of the outer surface 

of the glass cover was recorded as 63.4 °C at 1:00 p.m due to the effect of wind 

speed on the glass surface. After 1:00 p.m was observed that temperatures 

decreased in parts of the solar still as a result of a decrease in the intensity of solar 

radiation. 
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Figure (4.9): Temperatures variation with time for the single slope still solar with the 

PTC on 5/5/2023. 

Figure 4.10 shows the freshwater yield of a single-slope solar still and 

distillation unit coupled to a parabolic trough on May 5, 2023. At 8:00 in the 

morning, the solar distillers begin to produce water and gradually increase until it 

reaches the greatest productivity at 13:00 p.m and then decrease after that. The 

effect of solar radiation intensity and wind speed on productivity has been 

observed. The greater the intensity of solar radiation and wind speed, the greater 

the productivity.The daily cumulative output of the single solar distiller was 1240 

mL and 1590 mL for the distiller combined with PTC, where the highest 

productivity was at 13:00 pm, 192 mL for the conventional , and 243 mL for the 

SSSS with PTC. 
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Figure (4.10): Variation of distilled water yield with time for the conventional solar 

distiller and the integrated distiller with PTC in 5/5/2023. 

4.2.2. Solar still only and solar still with PTC and Fresnel lenses over PTC 

The experiment was conducted on the 5th of April 2023 for a traditional 

single-slope solar device and another with the same dimensions and 

specifications, integrated with a parabolic trough and two Fresnel lenses above 

the PTC. The solar radiation intensity was 270.6 W/m2, the wind speed was 0.1 

m/s, and the ambient temperature was 18.9 °C at the beginning of the experiment. 

With time, the solar radiation intensity increased to reach its maximum at 12:00 

p.m to reach 977 W/m2, and then decreasing after that. The maximum pure water 

production was 188 mL for the conventional device and 242 mL for the PTC-

coupled device and two lenses over the PTC at 13:00, and the total daily 

production was (4.7, 6.6) L/m2 per day respectively, with an average solar 

radiation of 632.3 W/m2. The average wind speed is 1.59 m/s as exhibited in 

Figures (4.11 and 4.12). The productivity improvement was 41% compared to 

conventional still. The system showed a thermal efficiency of 44.2% for 

conventional and 18.78% for solar still associated with a parabolic trough 

collector with lenses. The purity of the distilled water was 22 ppm. 
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Figure (4.11): Variation of productivity and environmental conditions with time for 

conventional solar still on 5/4/2023. 
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Figure (4.12): Variation of productivity and environmental conditions with time for 

solar energy associated with the parabolic trough collector and two lenses over PTC 

on 5/4/2023. 

Figure 4.13 shows the temperature variation of conventional over time. 

Temperatures were observed for all parameters of the  traditional solar still  were 
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close at the beginning of the experiment, then it begins to rise as the intensity of 

the incident radiation increases. At 1:00 p.m, the maximum temperature of the 

water still basin water reached 69.1 °C as a result of sunlight falling vertically on 

the distillation device. The maximum temperature of the outer surface of the glass 

cover was recorded at 57.8°C at 1:00 p.m. After 1:00 p.m, temperatures were 

observed to decrease in parts of the solar, with the intensity of solar radiation 

decreasing. 
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Figure (4.13): Conventional solar still temperature variation with time in 5/4/2023. 

Figure 4.14 shows the temperature changes with time for a single-slope 

solar still associated with a parabolic trough with Fresnel lenses above the PTC. 

The system contributes to enhancing the water temperature in the solar still basin. 

At the beginning of the experiment, the sun's temperatures are similar, then they 

begin to rise as the intensity of the incident radiation increases. At 1:00 p.m , the 

maximum temperature of the solar basin water reached 74.2 °C as a result of 

sunlight falling vertically on the distillation device and the parabolic trough with 

the lenses. The maximum temperature of the outer surface of the glass cover was 

recorded as 62.8 °C at 1:00 p.m due to the effect of wind speed on the glass 
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surface. After 1:00 p.m  observed that temperatures decreased in parts of the a 

solar still with a decrease in the intensity of solar radiation. 
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Figure (4.14): Temperatures variation with time for the single slope still solar with 

the PTC and two lenses over PTC on 5/4/2023. 

Figure 4.15 shows the freshwater productivity of a single-slope solar still 

coupled with a parabolic trough with two Fresnel lenses over the parabolic trough 

on April 5, 2023. The performance of solar stills in terms of productivity has been 

observed as it starts at 8:00 a.m. and reaches its maximum value at the daily 

cumulative output of the single solar distiller was 1099 mL and 1550 mL for the 

combined distiller with PTC and lenses over PTC. The highest yield was at 13:00, 

188 mL for the conventional still, and 242 mL for SSSS with PTC and lens. 
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Figure (4.15): Variation of distilled water yield with time for the conventional solar 

distiller and the integrated distiller with PTC and two Fresnel lenses over PTC on 

5/4/2023. 

The second experiment was conducted on May 6, 2023, for a conventional 

solar still and another with the same dimensions and specifications integrated to 

a parabolic trough and two Fresnel lenses that were placed above the parabolic 

trough. At the beginning of the experiment, the solar radiation was 241 W/m2, the 

wind speed was 0.6 m/s, and the ambient temperature was 20.6 °C. With time, the 

solar radiation is at its peak at 12 p.m, reaching 1057.6 W/m2. Then, it decreases 

as the ambient temperature continues to rise. The average radiation intensity was 

(670.7) W/m2 and an average wind speed was (1.19) m/s. The cumulative output 

of freshwater reached 5.3 L/m2d and 7.5 L/m2d for conventional devices and solar 

still connected to a parabolic trough with lenses in front of the parabola, 

respectively, as in Figures (4.16, 4.17). The improvement in productivity was 

43.3% compared to conventional energy, and the thermal energy efficiency was 

47% for conventional still and 20.3% for solar still associated with a parabolic 

trough collector with lenses above the a parabolic trough. Experiments, a purity 
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of up to 20 ppm has been obtained using river water as a feed source for solar 

stills. 
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Figure (4.16): Variation of productivity and environmental conditions with time for 

conventional solar is still on 6/5/2023. 
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Figure (4.17): Variation of productivity and environmental conditions with time for 

solar energy associated with the parabolic trough collector and two lenses over PTC 

on 6/5/2023. 

Figure 4.18 shows the temperature variation of conventional over time. 

Temperatures were observed for all parameters of the  traditional solar still  were 

close at the beginning of the experiment, then it begins to rise as the intensity of 
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the incident radiation increases. At 1:00 p.m, the maximum temperature of the 

water still basin water reached 71.9°C  as a result of sunlight falling vertically on 

the distillation device. The maximum temperature of the outer surface of the glass 

cover was recorded at 59.8°C at 1:00 p.m. After 1:00 p.m, temperatures were 

observed to decrease in parts of the solar, with the intensity of solar radiation 

decreasing. 
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Figure (4.18): Conventional solar still temperature variation with time in 6/5/2023. 

Figure 4.19 shows the temperature changes with time for a single-slope 

solar still associated with a parabolic trough with Fresnel lenses above the PTC. 

The system contributes to enhancing the water temperature in the solar still basin. 

At the beginning of the experiment, the sun's temperatures are similar, then they 

begin to rise as the intensity of the incident radiation increases. At 1:00 p.m, the 

maximum temperature of the solar basin water reached 75.5 °C as a result of 

sunlight falling vertically on the distillation device and the parabolic trough with 

the lenses. The maximum temperature of the outer surface of the glass cover was 

recorded as 64.4 °C at 1:00 p.m due to the effect of wind speed on the glass 

surface. After 1:00 p.m observed that temperatures decreased in parts of the a 

solar still with a decrease in the intensity of solar radiation. 
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Figure (4.19): Variation of distilled water yield with time for the conventional solar 

distiller and the integrated distiller with PTC and Fresnel lenses over PTC on 

6/5/2023. 

Figure 4.20 shows the freshwater productivity of a conventional solar still 

and a solar still coupled to a parabolic trough and two Fresnel lenses above the 

parabolic trough, on May 6, 2023. The productivity was observed from the start 

of operation at 08:00 a.m until 17:00 p.m. The maximum productivity was reached 

at 13:00, reaching 196 mL for the traditional, and 253 mL of solar energy with 

PTC and lenses inside. 
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Figure (4.20): Variation of productivity with time for the conventional solar distiller 

and the integrated distiller with PTC and Fresnel lenses over PTC on 6/5/2023. 
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4.2.3. Solar still only and solar still with PTC and lenses outside PTC 

The experiment was conducted on April 27, 2023, for a single-slope 

conventional solar device and another with the same dimensions and 

specifications, integrated with a parabolic trough and two Fresnel lenses outside 

the PTC. Fresnel lenses focus the sun's rays on a node that was designed in the 

receiving tube with specifications as mentioned in Chapter Four. The solar 

radiation intensity was 221 W/m2, the wind speed was 0.2 m/s, and the ambient 

temperature was 20.9 °C at the beginning of the experiment. With time, the 

intensity of solar radiation increased, reaching its maximum at 12:00 p.m, 

reaching 949 W/m2, and then decreasing thereafter. The cumulative output per 

day reached an average intensity of solar radiation (623.9) W/m2 and an average 

wind speed was between (1.34) m/s (4.7, 6.7) L/m2 per day, for the traditional and 

static distillers associated with a parabolic trough and Fresnel lenses on the 

parabolic trough collector side, respectively as in Figures (4.21 and 4.22). In this 

experiment, the increase in productivity amounted to 42.7% compared to the 

conventional energy, and the thermal efficiency was at 45.2% for the conventional 

still and 18.41% for the solar still associated with a parabolic trough collector with 

lenses outside the parabolic trough. The purity of the distilled water was 25 ppm. 
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Figure (4.21): Variation of productivity and environmental conditions with time for 

conventional solar still on 27/4/2023. 
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Figure (4.22): Variation of productivity and environmental conditions over time for 

solar still associated with a parabolic basin collector with lenses placed on either side 

of the parabolic trough on 4/27/2023. 

Figure 4.23 shows the temperature variation of conventional over time. 

Temperatures were observed for all parameters of the  traditional solar still  were 

close at the beginning of the experiment, then it begins to rise as the intensity of 

the incident radiation increases. At 1:00 p.m, the maximum temperature of the 

water still basin water reached 69.5 °C  as a result of sunlight falling vertically on 

the distillation device. The maximum temperature of the outer surface of the glass 

cover was recorded at 57.9°C at 1:00 p.m. After 1:00 p.m, temperatures were 

observed to decrease in parts of the solar, with the intensity of solar radiation 

decreasing.. 
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Figure (4.23): Conventional solar still temperature variation with time in 27/4/2023. 

Figure 4.24 shows the temperature changes with time for a single-slope 

solar still associated with a parabolic trough with Fresnel lenses outside the PTC. 

The system contributes to enhancing the water temperature in the solar still basin. 

At the beginning of the experiment, the sun's temperatures are similar, then they 

begin to rise as the intensity of the incident radiation increases. At 1:00 p.m, the 

maximum temperature of the solar basin water reached 74.6°C as a result of 

sunlight falling vertically on the distillation device and the parabolic trough with 

the lenses. The maximum temperature of the outer surface of the glass cover was 

recorded as 62.1 °C at 1:00 p.m due to the effect of wind speed on the glass 

surface. After 1:00 p.m observed that temperatures decreased in parts of the a 

solar still with a decrease in the intensity of solar radiation. 
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Figure (4. 24): Temperatures variation with time for the single slope still solar with 

the PTC and lenses out PTC on 27/4/2023. 

Figure 4.25 shows the freshwater production over time of solar still and 

solar still associated with a parabolic trough with two Fresnel lenses on either side 

of the parabolic trough on April 27, 2023. Productivity was observed from the 

beginning of the experiment 8:00 am until 17:00, with maximum productivity of 

189 mL for the traditional and 245 mL for the solar with PTC and lenses out PTC 

at 13:00. 
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Figure (4.25): Variation of productivity with time for CSS and SSSS integrated with 

PTC and Fresnel lenses out PTC on 27/4/2023. 
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The second experiment was conducted on May 7, 2023, for conventional 

solar trains and distillers combined with a parabolic trough and two Fresnel lenses 

placed on both sides of the parabolic trough. At the solar radiation intensity 

starting from 259 W/m2, wind speed was 0.5 m/s, and ambient temperature was 

20.2 °C at the beginning of the experiment. The radiation intensity reached its 

peak at 12 pm, reaching 1025 W/m2, and then decreased as the ambient 

temperature continued to rise. The cumulative output of the day, with an average 

solar radiation intensity of (673.2) W/m2 and an average wind speed of (1.55) m/s 

is (5.3, 7.7) L/m2 d for conventional and solar still associated with a parabolic 

trough with lenses outside the parabolic trough, on respectively as shown in 

Figures (4.26, 4.27). The increase in productivity amounted to 44.1% compared 

to the conventional, and the thermal efficiency was at 47% for the conventional 

and 19.32% for the solar energy associated with a parabolic trough collector with 

lenses outside PTC. A purity of up to 21 ppm has been obtained using river water 

as a feed source for solar still. 
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Figure (4.26): Variation of productivity and environmental conditions with time for 

conventional solar still on 7/5/2023. 
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Figure (4.27): Variation of productivity and environmental conditions over time for 

solar still associated with PTC with lenses placed on either side of PTC on 7/5/2023. 

Figure 4.28 shows the temperature variation of conventional over time. 

Temperatures were observed for all parameters of the  traditional solar still  were 

close at the beginning of the experiment, then it begins to rise as the intensity of 

the incident radiation increases. At 1:00 p.m, the maximum temperature of the 

water still basin water reached 71.8 °C as a result of sunlight falling vertically on 

the distillation device. The maximum temperature of the outer surface of the glass 

cover was recorded at 60.1°C at 1:00 p.m. After 1:00 p.m, temperatures were 

observed to decrease in parts of the solar, with the intensity of solar radiation 

decreasing. 
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Figure (4.28): Conventional solar still temperature variation with time on 7/5/2023. 

Figure (4.29) shows the temperature changes with time for a single-slope 

solar still associated with a parabolic trough with Fresnel lenses outside the PTC. 

The system contributes to enhancing the water temperature in the solar still basin. 

At the beginning of the experiment, the sun's temperatures are similar, then they 

begin to rise as the intensity of the incident radiation increases. At 1:00 p.m , the 

maximum temperature of the solar basin water reached 76.8°C as a result of 

sunlight falling vertically on the distillation device and the parabolic trough with 

the lenses. The maximum temperature of the outer surface of the glass cover was 

recorded as 64.2 °C at 1:00 p.m due to the effect of wind speed on the glass 

surface. After 1:00 p.m observed that temperatures decreased in parts of the a 

solar still with a decrease in the intensity of solar radiation. 
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Figure (4.29): Temperatures variation with time for the single slope still solar with 

the PTC and lenses out PTC on 7/5/2023. 

Figure 4.30 shows freshwater production over time from solar static and 

solar energy associated with a parabolic trough with two Fresnel lenses on either 

side of the parabolic trough on May 7, 2023. Productivity was observed from the 

beginning of the experiment 7:00 a.m until 17:00, with maximum productivity per 

hour 13:00 About 194 mL for the traditional model, and 258 mL for solar still 

with a parabolic trough and lenses on both sides PTC. 
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Figure (4.30): Variation of productivity with time for the conventional solar distiller 

and the integrated distiller with PTC and Fresnel lenses out PTC on 7/5/2023. 

4.3 Comparison 

4.3.1. Comparison of water productivity in experiments 

In April and under close weather conditions for days 3, 5, and 27, a 

comparison was made between the productivity of the conventional solar and the 

solar energy associated with a parabolic trough collector, the solar energy 

associated with a parabolic trough collector with two Fresnel lenses over the 

trough, and the solar energy associated with a parabolic trough with two Fresnel 

lenses on both sides of the parabolic trough. The solar stills begin production for 

all experiments at 8:00 a.m, then begin to increase, reaching a maximum 

cumulative production at the end of the experiment of about 4.3, 5.76, 6.4, and 

6.5 L/m2 for all, respectively, as in Figure (4.31). Variation was noted in the 

amount of pure water obtained as a result of the different types of solar 

concentrators and the degree of similarity of climatic conditions. 
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Figure (4.31): Production of pure water in April. 

In May and under close weather conditions for days 5, 6, and 7, a 

comparison was made between the productivity of the conventional solar and the 

solar energy associated with a parabolic trough collector, the solar energy 

associated with a parabolic trough collector with two Fresnel lenses over the 

trough, and the solar energy associated with a parabolic trough with two Fresnel 

lenses on both sides of the parabolic trough. The solar stills begin production for 

all experiments at 8:00 a.m, then begin to increase, reaching a maximum 

cumulative production at the end of the experiment of about 5.1, 6.5, 7.1, and 7.3 

L/m2 for all, respectively, as in Figure (4.31). Variation was noted in the amount 

of pure water obtained as a result of the different types of solar concentrators and 

the degree of similarity of climatic conditions. 
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Figure (4.32): Production of pure water in May. 

Figure (4.33) shows a comparison of the cumulative daily productivity 

from pure water for all practical experiments conducted in April and May of 2023. 

Observed the daily cumulative productivity for solar still associated with a 

parabolic trough collector with Fresnel lenses outside the parabolic trough is 

higher compared to the rest of the other cases. the maximum daily cumulative 

production was recorded at 1100 ml, 1390 ml, 1550 ml, and 1583 ml in April, and 

1240 ml, 1590 ml, 1778 ml, and 1793 ml in May for the conventional CSS, SSSS 

with PTC, SSSS with PTC and lenses over PTC, and SSSS with PTC and lenses 

outside PTC respectively. 
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Figure (4.33): Comparing the daily cumulative productivity for all cases in this 

study. 

4.3.2. Comparing the productivity and temperatures of the basin water with 

changing flow rates. 

The system productivity was compared for different flow rates under 

similar climatic conditions in Al-Diwaniyah City during June. Experimental 

results show that using a lower volume flow rate increases the brine temperatures 

inside the solarium and thus increases the rates of evaporation and condensation. 

Figure 4.34 shows the variation in freshwater productivity over time for a solar 

still coupled to a parabolic trough collector. Experiments were conducted for days 

(1, 2, and 6) in June 2023, using volume flow rates of (0.5, 0.76, and 0.38) L/min, 

respectively. Experiments showed that the use of a volume flow rate (0.38) L/min 

reached the maximum productivity of pure water at 13:00 p.m is 252 mL, and at 

use of a volume flow rates (0.5, 0.76) L/min showed maximum productivity of 

about (247, 243) mL, respectively. Variation was observed in the amount of pure 

water obtained as a result of the difference in the discharge of heat transfer fluids 

and the degree of similarity of climatic conditions. 
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Figure (4.34):  Productivity diagram of the solar collector with a parabolic trough at 

three volume flow rates. 

Figure (4.35) shows the variation in freshwater productivity over time for 

a solar still coupled to a parabolic trough collector with Fresnel lenses over a 

parabolic trough. Experiments were conducted for days (8, 9, and 11) in June 

2023, using volume flow rates of (0.5, 0.76, and 0.38) L/min, respectively. 

Experiments showed that the use of a volume flow rate (0.38) L/min reached the 

maximum productivity of pure water at 13:00 p.m is (262) mL, and at use of a 

volume flow rates (0.5, 0.76) L/min showed maximum productivity of about (257, 

and 249) mL, respectively. Variation was observed in the amount of pure water 

obtained as a result of the difference in the discharge of heat transfer fluids and 

the degree of similarity of climatic conditions. 
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Figure (4.35):  Productivity diagram of the solar collector with a parabolic trough 

and lenses inside at three volume flow rates. 

Figure (4.36) shows the variation in freshwater productivity over time for 

a solar still coupled to a parabolic trough collector with Fresnel lenses outside a 

parabolic trough. Experiments were conducted for days (13, 15, and 16) in June 

2023, using volume flow rates of (0.5, 0.76, and 0.38 L/min, respectively. 

Experiments showed that the use of a volume flow rate (0.38) L/min reached the 

maximum productivity of pure water at 13:00 p.m is (267) mL, and at use of a 

volume flow rates (0.5, 0.76) L/min showed maximum productivity of about (262, 

and 250) mL, respectively. Variation was observed in the amount of pure water 

obtained as a result of the difference in the discharge of heat transfer fluids and 

the degree of similarity of climatic conditions. 
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Figure (4.36):  Productivity diagram of the solar collector with a parabolic trough 

and lenses outside at three volume flow rates. 

Temperature results for the water basin of the conventional still and the solar still 

PTC were compared for days (1, 2, and 6) in June 2023, using volume flow rates 

of (0.5, 0.76, 0.38) L/min, respectively. The results showed that using a lower 

volume flow rate gave higher temperatures compared to other rates. Figure (4.37) 

shows that the temperature of all stills was close at 7:00 a.m began to rise, 

reaching the greatest value at 1:00 p.m, and then it began to decrease after that. 

The maximum temperature of the distillation basin water reached (81.9)°C at a 

volume flow rate of (0.38) L/min, while the basin water temperature was (76.8, 

79.1) °C at volume flow rates of (0.76, and 0.5) L/min, respectively. while 

conventional solar still shows a maximum temperature basin still of 75.5 °C at the 

same time. Variation in solar still water temperatures resulting from the use of 

solar concentrators, variation in the discharge of heat transfer fluids, and similarity 

in climatic conditions were observed. 
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Figure (4.37): Variation of basin water temperatures over time for conventional and 

PTC-coupled distillation for three flow rates. 

Figure (4.38) shows the variation of temperature water basin for the 

conventional still and  solar still with PTC with Fresnel lenses over PTC were 

compared for days (8, 9, and 11) in June 2023, using volume flow rates of (0.5, 

0.76, 0.38) L/min, respectively. The results showed that using a lower volume 

flow rate gave higher temperatures compared to other rates. It was observed that 

the basin water temperatures for all distillers were close at 7:00 a.m, then began 

to rise, reaching the highest value at 1:00 p.m, and then began to decrease after 

that. The maximum temperature of the distillation basin water reached (83.3) °C 

at a volume flow rate of (0.38) L/min, while the basin water temperature was 

(81.7, and 79.1) °C  at volume flow rates of (0.5, 0.76) L/min, respectively. while 

conventional solar still shows a maximum temperature basin still of 75.5 °C at the 

same time. Variation in solar still water temperatures resulting from the use of 

solar concentrators, variation in the discharge of heat transfer fluids, and similarity 

in climatic conditions were observed. 
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Figure (4.38): Variation of basin water temperatures over time for conventional and 

PTC-coupled distillation and lenses inside at three flow rates. 

Figure (4.39) shows the variation of temperature water basin for the 

conventional still and  solar still with PTC with Fresnel lenses outside PTC were 

compared for days (13, 15, and 16) in June 2023, using volume flow rates of (0.5, 

0.76, 0.38) L/min, respectively. The results showed that using a lower volume 

flow rate gave higher temperatures compared to other rates It was observed that 

the basin water temperatures for all distillers were close at 7:00 a.m, then began 

to rise, reaching the highest value at 1:00 p.m, and then began to decrease after 

that. The maximum temperature of the distillation basin water reached (84.3) °C 

at a volume flow rate of (0.38) L/min, while the basin water temperature was (82.7 

and 80.1) °C at volume flow rates of (0.5, 0.76) L/min, respectively. while 

conventional solar still shows a maximum temperature basin still of 75.5 °C at the 

same time. Variation in solar still water temperatures resulting from the use of 

solar concentrators, variation in the discharge of heat transfer fluids, and similarity 

in climatic conditions were observed. 
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Figure (4.39): Variation of basin water temperatures over time for conventional and 

PTC-coupled distillation and lenses out for three flow rates. 

4.3.3 Comparison of energy efficiency experiments. 

The thermal efficiency of the system is the ratio between the useful energy 

(Qu) and the energy input (Qs). Energy efficiency depends on many factors such 

as the amount of fresh water, the amount of incident solar radiation, and the 

ambient temperature. In April the daily efficiencies were (44.7%, 17.05%, 

18.78%, and 18.41%). In May they were (46.9%, 18.1%, 20.3%, 19.32%) for 

conventional devices, SSSS + PTC, SSSS + PTC with lenses in the side, SSSS + 

PTC with external lenses, respectively. A decrease in the daily thermal energy 

efficiency of the system associated with a solar concentrator was observed in 

Figure (4.40) as a result of the large heat loss when the area of the solar radiation 

fall aperture increased[68]. 
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Figure (4.40):  Thermal efficiency comparison chart. 

4.3.4 Comparison with previous works. 

4.3.4.1 Comparison of basin water temperatures and productivity for solar 

still. 

To validate the experimental results of the conventional distillation 

apparatus, they were compared with the experimental results of previous 

researchers. Fadil (2022) [52] reported on an experimental work on a traditional 

single-slope solar distiller, with an area of about 0.159 m2 made of cork, with a 

transparent glass cover 4 mm thick, with an inclination angle of 32 degrees with 

the horizon. The results on April 3 showed an acceptable agreement between them 

in terms of temperature and productivity, as shown in Figure (4.41). The error is 

only 17% for water temperature and it is only 18.2% when it comes to 

productivity. The presence of a difference in the temperatures of the basin water 

is the result of the difference in the type of absorbent plate, where galvanized iron 

with a thickness of 2 mm was used in this study, while [52]  an absorbent plate 

combined with pipes (heat exchanger) with a thickness of 1 mm was used, which 

becomes more effective when combined with a parabolic trough. 
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Figure (4.41): a) Comparing experimental results for water temperatures inside the 

solar still (Tw). b) Comparing experimental results for productivity. 

However, it is necessary to consider more than one case to ensure reliable 

work. Thus, other works were considered to validate the results obtained. Zahraa 

Abbas [29] reported an experimental work of a traditional solar distiller. The area 

of the basin used was 0.39 m2 made of cork material, with a transparent glass 
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cover of 4 mm thickness, at an angle of inclination of 32 degrees with the horizon. 

Figure (4.42-a) shows a comparison of the basin water temperatures of the 

obtained results with the results recorded by Abbas (2021) [29], as well as Figure 

(4.42-b) shows the acquired daily return. The results on May 5 showed that there 

was a good agreement between them in terms of temperature and productivity. 

The error does not exceed 3.4%, and for the temperature of the basin water, the 

error does not exceed 6.8% for productivity. 
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Figure (4.42): a) Comparing experimental results for water temperatures inside the 

solar still (Tw). b) Comparing experimental results for productivity. 

4.3.4.2 Comparison of basin water temperatures and productivity for 

parabolic trough collector. 

The thermal performance and productivity of the parabolic trough-coupled 

solar distiller were compared with previous experimental studies to validate the 

results obtained. Fadel and colleagues [52] tested an experimental solar still 

working coupled to a 1.12 square meter parabolic trough oriented to the south 

with a manual tracking system. Figure (4.43-a) shows a comparison between the 

basin water temperatures of the distillation apparatus used in the experiment with 

the results recorded by Fadel. Figure (4.43-b) shows a comparison of the 

productivity of pure water during May with the results recorded by Fadel. The 

results showed a good agreement between them in terms of temperature and 

productivity. The error does not exceed 1%, and for aquarium water temperature 

the error does not exceed 1% for productivity. 
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Figure (4.43): a) Comparison of experimental results for water temperatures inside a 

basin of solar still (Tw) coupled with a PTC. b) Comparison of experimental results 

for productivity. 

4.3.4.3 Comparison of cumulative productivity and daily thermal efficiency. 

Many researchers have studied the performance of solar stills combined 

with a parabolic trough collector and have used several techniques to obtain better 
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results. Results in this study was compared in terms of the daily productivity of 

pure water with the results of previous researchers, as shown in figure (4.44). 

  

Figure (4.44): Comparison of the current study with other studies. 

Table (4-1) Indicates a comparison of the efficiency and productivity of the 

current work with the previous work. It is clear from the comparison that the 

current work has a lower thermal efficiency and productivity than the previous 

literature for the solar distiller associated with a parabolic basin. This is due to the 

small area of the opening of the parabolic basin and the glass cover of the 

absorption tube and the difference in the heat transfer fluid used inside the tubes.  

oil was used as a heat transfer fluid with high thermal conductivity compared to 

water. 

Table (4-1): Comparison of efficiency in the current work with previous 

work. 

system 

 

 

Freshwater 

Productivity, 

L/m2 

/day 

Daily 

efficiency 

 

Ref. 

CSS 4.7 44.7% present work 

SSSS+PTC 5.9 17.05% present work 

CSS 4.03 32.59% [48] 
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SSSS +PTC  8.2 22.2% [48] 

CSS 4.51 36.87% [51] 

SSSS+PTC  8.53 23.26% [51] 
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CHAPTER FIVE 

Conclusion and Recommendation 

5.1 Conclusion 

All experiments were conducted in Iraq-Diwaniyah city (31.99°N, 

44.93°E) during April and May, 2023. This research aimsed to enhance the 

production of static solar energy and to study the effect of using thermal 

condensers on the performance of solar distillation. A fixed solar distillation 

device was used towards the south with an inclination of 32 degrees and a linear 

thermal condenser (PTC) facing south in addition to Fresnel lenses placed either 

inside or outside the solar concentrator aperture area. Results showed that the use 

of Fresnel lenses increased in evaporation rates, which greatly contributed to 

improving the productivity of the solar distillation system, and the conclusions 

can be summarized as follows: 

1. The proposed solar energy yield is still affected by many factors, including 

environmental factors and design factors. Environmental factors include wind 

speed, radiation intensity, and ambient temperature. The solar still design 

factors include solar distillation area, galvanized sheet thickness type, 

inclination angle, glass transmittance, thermal insulation, and saltwater height 

inside the solar housing. For PTC, the reflective surface type, equivalent 

aperture area, receiving tube material, heat transfer medium, insulation, and 

solar tracking accuracy play a major role in the enhancement process. For 

condenser lenses, aperture area, focal length, and focus intensity are important 

design factors to consider when using condenser lenses. 

2. The results showed that the use of Fresnel lenses inside or outside the parabolic 

trough has an effective role in the performance of the monoclinic solar 

distillation system. 

3. The maximum productivity obtained from the solar system using Fresnel 

lenses outside the PTC aperture area was 7.7 L/m2, while the productivity of 
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the conventional distiller was 5.31 L/m2 on May 7, with an average wind speed 

was 1.55 m/s and average solar radiation intensity was 673.2 W/m2. 

4. On the 6th of May, when an average solar radiation intensity was 670.7 W/m2 

and average wind speed was 1.19 m/s, a maximum productivity was obtained 

from the solar system using Fresnel lenses within the PTC aperture area was 

7.5 L/m2, while the productivity of the traditional distiller was 5.32 L/m2. 

5. The solar distiller associated with the parabolic trough collector on the 5th of 

May, when an average wind speed was 2.1 m/s and average solar radiation 

intensity was 663.8 W/m2 showed the maximum productivity obtained 6.7 

L/m2, while the productivity of the traditional distiller was 5.34 L/m2 

6. In May Fresnel lenses and a parabolic trough improved the solar still yield by 

(44.1%, 43.3%, and 28.2%) for solar stills with lenses outside the PTC aperture 

area, solar stills with lenses inside the PTC aperture area, and for solar stills 

combined with the parabolic trough, respectively. 

7. The solar system showed daily thermal energy efficiency in April (44.7%, 

17.05%, 18.78%, 18.41%) in May (46.9%, 18.1%, 20.3%, 19.32%) for 

conventional devices, SSSS + PTC, SSSS + PTC with Lenses in side, SSSS + 

PTC with external lenses, respectively. When comparing the thermal energy 

efficiency results obtained from previous researchers' experiments using a 

parabolic sump collector, it is considered acceptable. The thermal efficiency 

ratio of modified solar energy is lower than that of conventional energy due to 

the increase in the area of the solar collector. 
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5.2 Recommendations 

Several recommendations can be used in future work: 

1. Using the solar tracking system of the parabolic basin collector to focus the 

solar radiation with high accuracy towards the absorption tube using thermal 

condensers. 

2. Fabrication of a vacuum glass tube to cover the receiver tube to contribute to 

reducing heat loss. 

3. Increasing the paraboloid orifice area and distillation orifice area, which 

enhances the productivity of the solar system. 

4. Using the highly reflective surfaces of the parabolic trough to increase the 

concentration of sunlight towards the absorber tube. 
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Appendix A 

Theoretical Calculations 

Apply theoretical calculations in chapter three equations according to the 

following steps. 

1. Calculation of the focal length of the parabolic trough 

𝑓𝐿𝑝 =
𝑥2

4𝑦
 =

0.42

4∗0.194
= 21.05 cm 

2. Calculation of the aperture area of the reflector parabolic trough 

𝐴𝑝=𝑊𝑝 · 𝐿𝑝 = 0.8 *1.4= 1.12 𝑚2 

3. Calculation of the aperture area of the focus area on the absorbent tube 

𝐴𝑓𝑜𝑐= π Dabs   𝐿𝑎𝑏𝑠 = π *(  𝐷𝑘𝑛𝑜𝑡*𝐿𝑘𝑛𝑜𝑡*2+𝐷𝑎𝑏𝑠*𝐿𝑎𝑏𝑠) 

= π *( 0.05*0.1*2+0.019*1.38)= 0.113 𝑚2 

4. Calculation of the Solar Radiation Concentration Ratio of parabolic trough 

𝐶𝑅𝑝=
𝐴𝑝

𝐴𝑓𝑜𝑐
=

1.12

0.113
= 9.91 

5. Calculation of the focal length of the lenses used in this study, which have a 

diameter of 30 cm and a prism angle of 36.9° with a refractive index of 1.49. 

𝑡𝑎𝑛 𝛼 =
𝑟𝐹  

𝑛 √𝑟𝐹
2 + (𝑓𝐿𝐹)2 − 𝑓𝐿𝐹

 

𝑡𝑎𝑛 36 . 9 =
0.15 

(1.49) √0.152 + (𝑓𝐿)2 − 𝑓𝐿

→ 𝑓𝐿𝐹 = 0.30 𝑚 

6. Calculation of the aperture area of the Fresnel lenses. 

𝐴𝐹 = 𝐷𝐹
2 = 0.32 = 0.09 𝑚2 

7. Calculation of thermal efficiency of conventional. 

𝜂𝑡ℎ =
∑ 𝑀𝑒𝑣 ∗ ℎ𝑓𝑔

𝐼𝑠 ∗ (𝐴𝑏) ∗ 3600
  ∗ 102 
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𝐴𝑏 = 𝑤𝑏 ∗ 𝐿𝑏 = 0.61 ∗ 0.38 = 0.2318 

𝜂𝑡ℎ 𝑑𝑎𝑦 =
∑ 𝑀𝑒𝑣 ∗ ℎ𝑓𝑔

24
0

∑ 𝐼𝑠 ∗ 𝐴𝑏
24
0 ∗ 3600

=
∑ 1.1 ∗ 2335000 ∗ 10024

0

∑ 6871 ∗ 0.231824
0 ∗ 3600

 = 44.7% 

8. Calculation of thermal efficiency of the modified system. 

When using SSSS + PTC. 

𝜂𝑡ℎ =
∑ 𝑀𝑒𝑣 ∗ ℎ𝑓𝑔

𝑡
0

∑ (𝐴𝑏 + 𝐴𝑝)𝑡
0 ∗ 𝐼𝑠 ∗ 3600

  ∗ 102 

𝜂𝑡ℎ 𝑑𝑎𝑦 =
∑ 𝑀𝑒𝑣 ∗ ℎ𝑓𝑔

24
0

(∑ 𝐴𝑝
11
0 + ∑ 𝐴𝑏

24
0 ) ∗ 𝐼𝑠 ∗ 3600

=
∑ 1.39 ∗ 2335000 ∗ 10024

0

(∑ 1.1211
0 + ∑ 0.231824

0 ) ∗ 6871 ∗ 3600
 = 17.05% 

When using SSSS with PTC and Lenses inside. 

𝜂𝑡ℎ =
∑ 𝑀𝑒𝑣 ∗ ℎ𝑓𝑔

∑ (𝐴𝑏 + 𝐴𝑝)𝑡
0 ∗ 𝐼𝑠 ∗ 3600

  ∗ 102 

In this case, the lens area is not calculated because it falls within the area 

of the parabola basin. 

𝜂𝑡ℎ 𝑑𝑎𝑦 =
∑ 𝑀𝑒𝑣 ∗ ℎ𝑓𝑔

24
0

(∑ 𝐴𝑝
11
0 + ∑ 𝐴𝑏

24
0 ) ∗ 𝐼𝑠 ∗ 3600

=
∑ 1.55 ∗ 2335000 ∗ 10024

0

(∑ 1.1211
0 + ∑ 0.231824

0 ) ∗ 6956 ∗ 3600
 = 18.78% 

When using SSSS with PTC and Lenses outside. 

𝜂𝑡ℎ =
∑ ∑ 𝑀𝑒𝑣 ∗ ℎ𝑓𝑔

𝑡
0

∑ (𝐴𝑏 + 𝐴𝑝 + 𝐴𝐹)𝑡
0 ∗ 𝐼𝑠 ∗ 3600

  ∗ 102 

𝜂𝑡ℎ 𝑑𝑎𝑦 =
∑ 𝑀𝑒𝑣 ∗ ℎ𝑓𝑔

24
0

(∑ 𝐴𝑝
11
0 + ∑ 𝐴𝑏

24
0 ) ∗ 𝐼𝑠 ∗ 3600

=
∑ 1.583 ∗ 2335000 ∗ 10024

0

(∑ 1.1211
0 + ∑ 0.0911

0 + ∑ 0.231824
0 ) ∗ 6863 ∗ 3600

 

= 18.41% 

9. Calculating the productivity enhancement ratio of the developed model 

compared to conventional. 
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𝑃𝐸𝑛ℎ% = (
𝑃M  -  𝑃𝐶

𝑃𝐶
) *100 

Table (A-1): Productivity enhancement of solar stills for all experiments 

compared to conventional. 

Experiment date system Productivity (mL 

per day) 

𝑃𝐸𝑛ℎ% 

3/4/2023 

 

CSS 1100 26.3% 

 SSSS +PTC 1390 

5/4/2023 

 

CSS 1099 41% 

 SSSS +PTC+lenses 

inside 
1550 

27/4/2023 

 

CSS 1109 42.7% 

 SSSS+PTC+lenses 

outside 
1583 

5/5/2023 

 

CSS 1240 28.2% 

 SSSS +PTC 1590 

6/5/2023 

 

CSS 1240 43.3% 

 SSSS +PTC+lenses 

inside 
1778 

7/5/2023 CSS 1244 44.1% 

SSSS+PTC+lenses 

outside 
1793 
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Appendix. B 

Thermocouple Calibration 

Thermocouples are one of the pieces of equipment that are used to measure 

temperatures in various locations from engineering experiments. 16 K-type 

thermocouples were calibrated using a mercury thermometer and a type 

(CTK4000 ) data logger. The thermocouples were connected to the data logger 

while the other end of it was placed in a container containing water whose 

temperature was controlled. Calibration was carried out with temperatures starting 

from zero ᵒC and ending with 100 ᵒC. As shown in Figure and Table B.1. 

 

Figure (B.1): Results of thermocouples calibration 

Table (B-1): Calibration equations for thermocouples. 

Thermocouple  

no. 

location thermocouple Correction formula 

T1 Ambient  Behind PTC y = 1.0003x-0.08295 

T2 water feed tank tank level y = 1.004582x -0.28768 
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T3 Galvanized 

plate 

solar still 

traditional 

y = 0.9923x +0.6202 

T4 Most stream solar still 

traditional 

y = 0.9945x + 0.0513 

T5  basin water solar still 

traditional 

y = 0.9997x + 0.098 

 
 

T6  basin water solar still 

traditional 

y = 0.9965x + 0.1964 

T7  Inner glass 

cover 

solar still 

traditional 

y = 0.9863x + 0.8255 

T8 Outer glass 

cover  

solar still 

traditional 

y = 1.0113x - 0.2068 

T9 inlet absorber 

tube 

PTC y = 0.9901x+ 0.8226 

T10 out let 

absorber tube 

PTC y = 0.9788x+ 0.5959 

T11 Galvanized 

plate 

CSS+PTC y = 1.0091x - 0.5892 

T12 basin water CSS+PTC y = 0.9985x + 0.107 

T13 basin water CSS+PTC y = 1.0038x + 0.369 

T14 Inner glass 

cover 

CSS+PTC y = 0.9943x +0.0112 

T15 Outer glass 

cover  

CSS+PTC y = 0.9897x + 0.3318 

T16 Most stream CSS+PTC y = 1.0052x + 0.7029 
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Appendix. C 

A solar radiation device model (SM206 - solar) was used every hour during 

the duration of the experiment. The accuracy of the measured results was 

calibrated with the solar radiation data obtained by the Ministry of Science and 

Technology / Department of Environment, Water and Renewable Energies for the 

same day and time of conducting the experiments and the results were identical 

as in Figure C-1. 

 

Figure (C.1) The results of calibration of the solar radiation intensity device 
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Appendix. D 

The wind speed was documented every hour during the duration of the 

experiment using a digital device type (BTMETER BT-100-WM) to measure the 

intensity of the wind speed. The device was calibrated by the Ministry of Science 

and Technology /Department of Environment, Water and Renewable Energies in 

Baghdad, Iraq. Calibration results were identical as in the book picture. 
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Appendix E 

1. Akeel Salman Hammoud, Ahmed Hashem Yousef, Improved the productivity 

of solar distillers through modifying designs: Review. Posted in. 

2. Akeel Salman Hammoud, Ahmed Hashem Yousef, An experimental study to 

improve the productivity of a solar still using a parabolic trough collector with 

Fresnel lenses. Posted in. 
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 الخلاصة 
 

 أ 

 الخلاصة

تعتبر الطاقة الشمسية من أهم مصادر الطاقة البديلة في العالم، فهي متوفرة وقليلة التكلفة، خاصة  
في المناطق التي تكثر فيها الإشعاعات الشمسية مثل بلدنا العراق. كما أنها طاقة نظيفة لا تترك أي أثر  

استخدامها. وتستخدم في العديد من التطبيقات، مثل الألواح الشمسية المستخدمة لتوليد الطاقة  بيئي عند  
الكهربائية أو من خلال الاستفادة من محتواها الحراري، مثل تلك المستخدمة في تحلية المياه وتسخين المياه  

لح انتشارًا  الأكثر  التطبيقات  بين  الشمسية من  التقطير  أجهزة  تعد  العذبة. والطهي.  المياه  ندرة  ل مشكلة 
الهدف الرئيسي من هذه الدراسة هو تحسين أداء أنظمة الطاقة الشمسية الثابتة من خلال استخدام مكثفات  
الطاقة الشمسية. في هذه الدراسة، تم إنشاء وحدة ثابتة شمسية أحادية الانحدار ووحدة أخرى بنفس الأبعاد  

دون عدسات، مع عدسات فوق مجمع حوض مكافئ، ومع  والمواصفات متصلة بمجمع حوض مكافئ )ب
عدسات على جانبي مجمع حوض مكافئ( تم اختباره.تم تنفيذ العمل تجريبياً في ظل الظروف المناخية  

درجة شرقاً( في شهري    44.93درجة شمالًا، خط طول    31.99لمدينة الديوانية في العراق )خط عرض  
 . 2023نيسان وأيار وحزيران من عام 

تم بناء نموذج تجريبي تم على أساسه إجراء التجارب العملية، مع إمكانية تغيير موقع عدسات  
، كما أن هناك إمكانية تدوير النظام  PTCفريسنل لتركيز الإشعاع الشمسي على الأنبوب داخل أو خارج  

 ( لتر/دقيقة. 0.78،  0.5،  0.38باتجاه الإشعاع الشمسي. أجريت التجارب ضمن قيم تصريف الماء )

وأظهرت النتائج أن درجة الحرارة ترتفع تدريجياً لتصل إلى أعلى قيمة لها عند الظهر، حيث تكون  
الشمسي  المقطر  حوض    لمياه  أعلى قيمة للإشعاع الشمسي، ثم تبدأ بالانخفاض تدريجياً. أقصى درجة حرارة

درجة مئوية عند   76.8المقترن بمجمع الحوض المكافئ مع عدسات فريسنل خارج الحوض المكافئ كانت  
لتر/دقيقة في شهر مايو، في حين أن درجة حرارة حوض   0.5ظهراً مع معدل تدفق حجمي    1:00الساعة  

 ، ر الشمسي التقليديظهرًا للمقط  1:00( درجة مئوية عند الساعة    75.5، و  74.2،  71.7الماء القصوى ) 
مجمع الحوض المكافئ مع عدسات  الطاقة الشمسية مقترنة ب  المكافئ، والقطع  حوض  والمقطر المقترن ب

الشمسية مع حوض مكافئ مع  التقطير  استخدام وحدة  إن  التوالي.  المكافئ على  الحوض  فريسنل فوق 
ساهم بشكل كبير في تحسين الإنتاجية. وبلغ إنتاج المياه العذبة في   PTCعدسات فريسنل على جانبي  

الحرارية    2لتر/م  7.7شهر مايو   التحسن في الإنتاجية  %19.32يوم، والكفاءة  مقارنة    %44.1، ونسبة 
التقليدي. في حين أن إنتاجية المقطر الشمسي التقليدي والمقطر الشمسي المرتبط بمجمع حوض   مقطربال

مكافئ، والطاقة الشمسية المرتبطة بمجمع حوض مكافئ، وعدسات فريسنل فوق المكثف الشمسي كانت 



 الخلاصة 
 

 ب 

( على  %20.3،  %18.1،  %46.9و وكانت الكفاءة الحرارية اليومية )   ميو   2( لتر/م 7.5، و 6.7،  5.3)
( للطاقة الشمسية المرتبطة بمجمع حوضي  %43.3، و %28.2التوالي. وكان معدل تحسن الإنتاج حوالي )

مكافئ، والطاقة الشمسية المرتبطة بمجمع حوضي مكافئ مع عدسات فريسنل فوق مجمع الحوض المكافئ،  
 على التوالي، مقارنة بالمقطر التقليدي.
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