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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, Irag. 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 Irag (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

VI



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/m?d, 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/m? 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.

Vil



Table of contents

D L@ Y AN I 1 ] S I
ACKNOWLEDGMENT ...ttt st I
SUPERVISORS CERTIFICATION .....ocoiiiececece e i
COMMITTEE CERTIFICATION ...ocoiiiii et v
LINGUISTIC CERTIFICATION ....oiiiiiiieiiee e V
ABSTRACT ..ot ettt e re et e sre e te e e e sreeneennes VI
Table Of CONTENTS........coiie e VI
LISt Of TADIES ... . Xl
LiST OF fIQUIES ..o X1l
NOMENCLATURE ...ttt XVII
CHAPTER ONE: INtroduCtion .........ccccoeiiiiiiie e 1
1.1 General INtrOdUCTION ......cc.oiieiieie e 1

1.2 SOIAI BNEITY .eeveeiiieiieete ettt e ettt e snae e teesreesreesneeanees 1

1.3 Solar radiation CONCENratioN. ...........ccccveeviieeiiiee i 2

1.3.1 Linear solar energy conCentrating...........ccccevveveeiivesveeeseesieesvnenn, 3

1.3.2 Point solar energy conCentrating........ccccceveveveereesivesreeeseeseesenenns 4

1.4 Solar desalination tYPES.......c.cccuveiieiieiie e 7

1.4.1 Passive solar distillation...........ccccovviiiiiiieiiee e 8

1.4.1.1 Single basin with single slope........ccccccovvvviiiieii i, 8

1.4.1.2. Single basin with double SIOpe ........cccccoeviiiiiiiicciece, 9

1.4.2 Active solar distillation ..........c.ccccveiiie i 9

1.5 Solar still diSadvantages........cccccvereieeriniienesie e 10

1.6 Contribution Of STUAY .......cccveriviieecice e 10

1.7 AIMS OF the STUAY ......ocveiiiiiec s 11

1.8 Outline of the theSIS .......cciveeiieie e 11
CHAPTER TWO: Review of Previous Literature ...........cccceevevvvveeviveennen. 12
INEFOAUCTION ... s 12

2.1 Previous STUAIES.......ccvviierieiiesiesie e 12

2.1.1 Single-slope solar Still ..., 12

2.1.2 Solar still with Fresnel [enses.........cccccvverviiene i, 12

2.1.3 Solar still With PTC ..o 17

2.2 Summary of literature StUIES .........cccvevveiieeie e 24

Vil



2.3 Scope of the present StUAY .......ccccvevieiieiie e 24

Chapter Three: Experimental WOrKS .........cccoooviiviiiniin e 26
B L INEOTUCTION ..ot 26
3.2 EXperimental SELUP........coiviiiieieee e 26

3.2.1 Solar still traditional Unit............ccooivriiiiiiiiee s 28
3.2.1.1 Solar Still DaSIN .......ccoiiiiiiieie e 28
3.2.1.2 Single-slope glass COVEr ........couvriiiiierienie e 29
3.2.1.3 Distillate collection channel............cccccoveviiniiiniiiieienn, 29

3.2.2 Salt water feeding mechanism .........ccccocvvevieiinin i, 30

3.2.3 CoNnCentration UNIT.........coovueeieeiieiie e ee e see e 31
3.2.3.1 Parabolic trough collector ...........cccccovevieiiiieiecec e, 31

3.2.3.1.1 The design structure of the parabolic trough collector 31
3.2.3.1.2 The reflector SUrface .........ccoovvierviieniene e 32
3.2.3.1.3 RECRIVEI TUDE.......ee e 32
3.2.3.1.4 Parabolic trough tracking system ..........ccccceevvvvvennnnnn. 33
3.2.3.2 Fresnel IENS......cc.vveiieeie e 34

3.2.4 The heat exchange uUnit ..........ccccceevieiii s 35
3.2.4.1 Heat eXChaNQer.......ccicveieeiee e eie et siee e 35

3.2.5 Flexible connection PIPes.......cccccvveieiiienee e 36

3.2.6 Heat transfer fluid circulation pump ..., 36

3.2.7WOorking FIUI ......ccveieie e 37

3.3 Parabolic trough calculations............cccccvevievicic i, 37
3.3.1 FOcal 1ength (£1,): eceeeeieieieiieseeee e 38
3.3.2 Solar radiation concentration ratio..........cccoceeveveveveiieereereesennn 38
3.4 Fresnel lens calculations. ... 39
3.4.1 Focal length calculations of a Fresnel lens. .............ccccoovennene. 39
3.4.2 Aperture area calculations of a Fresnel lens. ..........c...cccevvenee 40
3.5 Calculation of thermal effiCiency........ccccoovvevieiiiiic i, 41
3.5.1. Efficiency calculations of solar still only...........c.ccccoeeveinennene. 42
3.5.2. Efficiency calculations of the modified system........................ 42
3.6 Measuring EqUIPMENT..........ccoiiiiriiiie e 43

3.6.1 Temperature MeasUremMENt...........cocverieerieeriie e 43

3.6.2 Measure the intensity of solar radiation............cc.ccoveveveviveinennn, 46

3.6.3 Wind speed Measurement .........cocevverereeienieenie e 47

3.6.4 Distilled water COIECION .........cccviiveiieieieee e 48

3.6.5. Measurement of the amount of flowing liquid ........................ 48

3.7 Experimental proCeaUre .........ccooviiiiieiieie e 49

CHAPTER FOUR: Results and DiSCUSSIONS.........cccccouvverieriverieseesieneenennn, 51
O [ (0o L8 o1 1 o o IR USRROSRRON 51
4.2. Experimental reSUIS.........cooviiie i 51

4.2.1. Solar still only and solar still With PTC ..........cccccceivivniininnn 51

IX



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

e 1SS 60
4.2.3. Solar still only and solar still with PTC and lenses outside PTC
............................................................................................................. 68
4.3 COMPATISON ...viieieieesieeciee et e e ste et e e sae e te s te et e snbeebeesbeesneesnneaneens 76
4.3.1. Comparison of water productivity in experiments ................... 76
4.3.2. Comparing the productivity and temperatures of the basin water
with changing flOwW rates. ...........cccevieiie i 79
4.3.3 Comparison of energy efficiency experiments. .............c.ccc....... 85
4.3.4 Comparison With previous WOFKS. ........cccccevieerieiienneeneesiesnens 86
4.3.4.1 Comparison of basin water temperatures and productivity
TOr SOlar Still. ... 86
4.3.4.2 Comparison of basin water temperatures and productivity
for parabolic trough COIIECtOr. .........cvevveiieciee e, 89
4.3.4.3 Comparison of cumulative productivity and daily thermal
EFFICIENCY. ..o 90
CHAPTER FIVE: Conclusion and Recommendation.............ccccccceeveeene. 93
5.1 CONCIUSION....c.eiiiiiiieie e 93
5.2 ReCOMMENAALIONS ..ottt 95
REFERENCES. ........c.o oottt 96
Appendix A: Theoretical Calculations............ccccovveviieiiiiieiie e, 106
Appendix. B: Thermocouple Calibration..........c.cccccoooveviiiiniiiinieciene, 109
APPENAIX. € o 111
APPENIX. D o 112
APPENIX B 115
Al J



List of tables

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

efficiency, experiment type and geographical location. ...........ccccccevvviviiiinnnnnn, 24
Table (3-1): Specifications of the parabolic trough used............cccccovveviiennnnn 40
Table (3-2): Specifications of the Fresnel 1enSes USe.........cccccvevvevieiiecivecivnenne, 44

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

traditional Stll ...........ocoi i 45
Table (3-4): Distribution of dual thermal sensors on the experimental parts of the
SOlar StHHEWITtN PTC....eee e 46
Table (4-1): Comparison of efficiency in the current work with previous work.
............................................................................................................................. 91
Table (A-1): Productivity enhancement of solar stills for all experiments
compared t0 CONVENLIONAL. ..........ceeiviiiie i 108
Table (B-1): Calibration equations for thermocouples. ..........cccceevveiiveeiieenee. 109

Xl



List of figures

Figure (1.1): Map of horizontal solar radiation in Irag. .......ccccccevvevivniinsiiesnieene, 2
Figure (1.2): Solar reflector concentrator (PTC) . ..cccoovevieiiieiieeceeceese e 3
Figure (1.3): Solar reflector concentrator [inear . .........cccoovvvveiiievinnieniie e, 4
Figure (1.4): Schematic of a parabolic dish reflector . ............cccocoveviiieiieecnne, 5

Figure (1.5): a) A convex lens on one side. b) Double-sided convex lens. ¢) Flat
lens with one groove point. d) Flat lens with two sides of grooves ..................... 6

Figure (1.6): Convex lens conversion to Fresnel 1ens ........ccccccveveevieiic e, 6

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

FIESNEIIBNS .o e e e are e 7
Figure (1.8): Schematic single-slope solar still .............cccoovviiieiicvcie e, 8
Figure (1.9): Diagram of double-slope solar still (symmetrical) ........c...cccne...e. 9
Figure (1.10): View of active solar still with flat collactor. ............c..ccccevveneee. 10

Figure (2.1): Scheme of solar distillers with heating tank and Fresnel lens ...... 13

Figure (2.2): An illustration of a solar still with a Fresnel lens . .............cc......... 13
Figure (2.3): Diagram of single—slope with Fresnel lens.............c.ccccovveinennn, 15
Figure (2.4): Pictures of a modified solar distillation system .............ccccccvenene. 16
Figure (2.5): Photograph of a solar still with a Fresnel lens ...............ccccveeae. 17
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 . ... 18
Figure (2.7): Photo of the solar distiller (CSS) integrated with PTC. ................ 19
Figure (2.8): Scheme of preheater with solar distiller (CSS) ........cccccevviinnnne. 20

Figure (2.9): Freshwater yield scheme of (CSS, CSS + PTC + water, CSS +
PTC+ oil, and CSS + PTC+ 3% CuO /mineral Oil) . ......cccooovrveniniiiee e 21

Figure (2.10): Scheme the freshwater yield of (SS, DS, SS+PTC, and DS+PTC)
SO 22

Xl



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) .........c.cccoceevvvevieecineenne, 23

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. ..........cov i 27
Figure (3.2): Schematic diagram of the device with all its components............. 27
Figure. (3.3): Images and a schematic of a single solar still................ccccccoene.. 29
Figure. (3.4): Distillation channel ..., 29

Figure. (3.5): Images and a schematic of a salt water feeding mechanism ....... 30

Figure (3.6): Parabolic trough dimensions. .........cccccvvviiienie e 31
Figure (3.7): RefIECIOr.........ooiiee e 32
Figure. (3.8): Schematic drawing and photo of the receiving tube..................... 33
Figure. (3.9): Motor of parabolic trough tracking...........cccceeveviievieiiecieeieesien, 34
Figure (3.10): Schematic diagram dimension of Fresnel lens. ............cccccveneee. 34
Figure. (3.11): Images of heat exchanger with galvanized plate......................... 35
Figure (3.12): FIOW pUMP PICTUIE. ...ccvveiieiie e 36
Figure (3.13): The Schematic diagram of a reflective parabolic trough............. 37

Figure. (3.14): The schematic diagram of a parabolic trough concentration...... 38
Figure (3.15): Schematic diagram dimension of Fresnel lens. ............cccccoeu...e. 40

Figure. (3.16): Schematic diagram of effective Fresnel lens area and focus area.

............................................................................................................................. 41
Figure (3.17): Images of thermocouple K-type ........ccooeiiiiiiininiiniciee 44
Figure (3.18): Distribution of the dual thermal sensors to theparts of the

)0 1=] 1111 ) OSSPSR 45

Figure (3.19): Data logger type (CKT4000) with a capacity of 32 channels ..... 46
Figure (3.20): Measure the intensity of solar radiation.............c.ccoecevevevviiiennnne. 47
Figure (3.21): Wind speed measurement. .........cccuevveeeeeiveneesee e e esve e 48

X1l



Figure (3.22): FIOW MEter IMage. .....cceevveeiiiecieecee e 49

Figure (4.1): Variation of productivity and environmental conditions with time
for conventional solar still in 3/4/2023. ... 52

Figure (4.2): Variation of productivity and environmental conditions with time
for solar energy associated with the parabolic trough collector in 3/4/2023......53

Figure (4.3): Conventional solar still temperature variation with time in
AIBI2023.....ceeeeeeeee ettt e e naenreens 54

Figure (4.4): Temperatures variation with time for the single slope still solar
With the PTC 0N 3/4/2023. ...ttt 55

Figure (4.5): Variation of distilled water yield with time for the conventional
solar distiller and the integrated distiller with PTC. ..o 56

Figure (4.6): Variation of productivity and environmental conditions with time
for conventional solar still in 5/5/2023. ... 57

Figure (4.7): Variation of productivity and environmental conditions with time
for solar energy associated with the parabolic trough collector on 5/5/2023. .... 57

Figure (4.8): Conventional solar still temperature variation with time in
BISI2023. ...ttt ettt et e nre e nre e 58

Figure (4.9): Temperatures variation with time for the single slope still solar
With the PTC 0N 5/5/2023. .....coooieee et 59

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.............c........... 60

Figure (4.11): Variation of productivity and environmental conditions with time
for conventional solar still on 5/4/2023. ... 61

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 0N 5/4/2023. ...t 61

Figure (4.13): Conventional solar still temperature variation with time in
BIAJ2023. ...t nre e aeaae s 62

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. ........cccccoevoeiieniniie e, 63

X1V



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 A/A]2023. ...ttt bbb 64

Figure (4.16): Variation of productivity and environmental conditions with time
for conventional solar is still on 6/5/2023.............cccceviiiieiiiien e, 65

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 0N 6/5/2023. ..ottt 65

Figure (4.18): Conventional solar still temperature variation with time in
B/5/2023. ... e re e ae e ra e ree e 66

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 B/5/2023. ...ttt et 67

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
B/5/2023....ceeeeee et e e 67

Figure (4.21): Variation of productivity and environmental conditions with time
for conventional solar still on 27/4/2023. ... 68

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 trogh on 4/27/2023. ..., 69

Figure (4.23): Conventional solar still temperature variation with time in
271412023, aeaaa s 70

Figure (4. 24): Temperatures variation with time for the single slope still solar
with the PTC and lenses out PTC on 27/4/2023. .........cccooveeveevieecieee e 71

Figure (4.25): Variation of productivity with time for the CSS and SSSS
integrated with PTC and Fresnel lenses out PTC on 27/4/202. ...........ccccccuen..e. 71

Figure (4.26): Variation of productivity and environmental conditions with time
for conventional solar still on 7/5/2023. ..., 72

Figure (4.27): Variation of productivity and environmental conditions over time
for solar still associated with PTC with lenses placed on either side ofPTC on
TIDI2023. ..ot 73

XV



Figure (4.28): Conventional solar still temperature variation with time on
TISI2023. ...ttt ettt a et e nre e nre e 74

Figure (4.29): Temperatures variation with time for the single slope still solar
with the PTC and lenses out PTC on 7/5/2023. ........cccooviiiiiienieese e 75

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

TISI2023. ...ttt ettt a et e nre e nre e 76
Figure (4.31): Production of pure water in April.......cccoooveveiiiiii e, 77
Figure (4.32): Production of pure water in May. ........cccooeveviveviieiin i 78

Figure (4.33): Comparing the daily cumulative productivity for all cases in this
] (00 )2 SRR 79

Figure (4.34): Productivity diagram of the solar collector with a parabolic
trough at three volume fIOW rates..........ccccoviiieiic i 80

Figure (4.35): Productivity diagram of the solar collector with a parabolic

trough and lenses inside at three volume flow rates. ..........ccccoeveeiieeiie e, 81
Figure (4.36): Productivity diagram of the solar collector with a parabolic
trough and lenses outside at three flow rates. .........ccccvveeevii i 82
Figure (4.37): Variation of basin water temperatures over time for conventional
and PTC-coupled distillation for three flow rates...........cccccooviiveiieic i, 83
Figure (4.38): Variation of basin water temperatures over time for conventional
and PTC-coupled distillation and lenses inside at three flow rates. ................... 84
Figure (4.39): Variation of basin water temperatures over time for conventional
and PTC-coupled distillation and lenses out for three flow rates. ...................... 85
Figure (4.40): Thermal efficiency comparison chart. ............cccccociininininnnnn, 86
Figure (4.41): a) Comparing experimental results for water temperatures inside
the solar still (Tw). b) Comparing experimental results for productivity. .......... 87
Figure (4.42): a) Comparing experimental results for water temperatures inside
the solar still (Tw). b) Comparing experimental results for productivity........... 89

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. ........c.ccooviieiiiiniecc e 90
Figure (4.44): Comparison of the current study with other studies. ................... 91
Figure (B.1): Results of thermocouples calibration............c.cccccoovveviiiiniinnnnen, 109

XVI



Figure (C.1) The results of calibration of the solar radiation intensity device.111

NOMENCLATURE
Symbol Definition Unit
Ar Aperture area of a Fresnel lens m?
Afoc Aperture area of focus on absorber tube m?
Ap Aperture area of a parabolic trough m?
As Area surface of solar radiation incident m?
CR, The concentration ratio of a parabolic trough
D.bs Diameter of the absorbent tube m
Dg Diameter of a Fresnel lens m
Dinot knot diameter m
fr Focal length for Fresnel lens m
fr Focal length for parabolic trough m
hsg The latent heat of the vaporization of water J/kg
Ig The incident solar radiation intensity W/m?
Laps The length of the absorbent tube m
Linot The length of the knot tube m
L Length m
M,, The amount of daily productivity of fresh water kg/s
P, Productivity Classic L/m?
Penn Productivity enhancement ratio
Py Modified water productivity L/m?
Qs The amount of energy received by the aperture area W
Qy The amount of useful energy W
Ty Temperature basin water °C
wW Width m

XVII



Nen Energy thermal efficiency
Greek Symbols
n efficiency
o depends on the prism angle
Subscripts
abs Absorber
amb Ambient air
b basin
d Daily
F Fresnel lens
g Glass
n refractive index
p parabolic trough
R Lens radius
w Water
Abbreviations
Symbols Description
CSP Concentrators solar power
CSS Conventional Solar still
DS Double slope
PTC Parabolic trough collectors
SSSS Single-slope solar still
TDS Total dissolved solids
VFR Volume flow rate

XVII




Chapter One

Introduction



CHAPTER ONE INTRODUCTION
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 / m? 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].

’rber tube

Reflector
Glass cover

: Tracking device
i
2y

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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Receiver

Concentrator

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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a) b)

Convex Lens

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].

(A)

-+
-+

(B)

(©) \]\l\'\'\‘ /'/l/l/l/

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].

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

7
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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].

Solar energy

Glass cover

Collection ot
trough —S Inlet brackish

contaminated water

I

purified water

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].

Solar radiation

Condensation

Distillate outlet
Distiliate outlet

Evaporation /
g Brackishw

0 —.
Polystyrene ~ .

ater

Wooden box

Blackened surface

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].



CHAPTER ONE INTRODUCTION

Condensing cover

(copper, glass and

plastic)
gq:\f% z I \
"’Pw\r‘“e
Distillated \

channel

I —

Solar

c :
radiation \\“
\ Basin liner
Flat plate

collector Insulated plate

—

Pump

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.
10
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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 iragi 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.

11
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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
m?, 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 m? 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/m? d. Rajesh V R
et al. (2016) [31] investigated the performance of a single-slope solar distillation
machine with area (0.175 m?) 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/m? day
12
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with a production efficiency of 55.97% with 33 liters of brackish water in the

preheating basin.

HEATING TANK —M8M

SOLAR RADHATION

COMCENTRATOR

, DISTILLATE OUTLET
S

_ DISTILLATION
TANK

—

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/m? per day, and with the presence of the lens 7.14 L/m? per

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

Saline Water
A
Fresnel Lens Tk
,;f-/’p? Valve of o
Cé??, Mow rate
"f'j{ Solar Still
ﬁ Reciever
g}q’f Coil Hot Waler
Sensor Ji  Flexible Copper Coil 187K
4 lk‘..-ﬂ' p’m e DD -
N} st | Dl e
Worm Gear Mofor )
Foundation c.u L

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 m?) to a solar still with an
area of 1 m?. 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 m? by using a
Fresnel lens with area 0.75 m?. A Fresnel lens focuses the sun's rays onto a focal
point inside a solar still. Fresh water production was 8.32 L/m? per day for the
solar still with lens and 1.625 L/m? 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 m?)
coupled with single-slope solar still (0.2 m?) 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/m?, and without a Fresnel
lens it was 2.755 L/m? 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 m?) 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.

14
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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 (Al203) 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/m? versus 3.48 L/m? 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 Irag. Three
lenses were used with a total area of 0.0081 m?2 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/m? d and 4.94 L/m? 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 m? with a Fresnel lens with an aperture area
of 1.06 m? experimentally as in Figure (2.5). The experiment was conducted in
May. The results showed the maximum freshwater productivity was 1.3 L/m?d,

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 (1Im?). Use water and
nanomaterials (Al203) 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/m? and the system productivity was
improved by 36% compared to the conventional one. Hossein Amirietal. (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.

17
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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/m?d of fresh water, a 50% improvement compared
to the sand less solar still produced 3.4 L/m? d.

Amrit Kumar Thakur et al. (2021) [43] tested the performance of a single-
slope solar distillation basin of 0.5 m? 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/m? per day for the conventional design and 8.08 L/m? 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 m? 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 3m?, 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/m? 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.

_\ \msolar still

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

Anil Kumar et al. (2020) [45] used a single-slope 1m? solar collector with a
1.513 m?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/m?, 3.645 L/m?, and 4.1 L/m?) for each level,
19
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respectively. The thermal energy efficiency was 16% at a water level in basin of
0.15 m.
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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 m? (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/m?,2.19 L/m?, and 2.4 L/m?) 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 1m? coupled with a parabolic trough
of 2.52 m? 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/m? 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.
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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/m? of fresh water and 4.03 L/m? 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].
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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/m? 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 m?) 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/m? for the double-slope
distiller, and (4.03, 8.53) L/m? for the system coupled with parabolic trough
collector, and (5.11, 10.93) L/m? 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 m? 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

Irag. Water and nano fliud were used as work fluid. The freshwater productivity
showed 4.16 L/m?d, 6.8 L/m?d 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), Geographical | Type of Solar Lens | Productivity | Thermel
- 2 - -
Year, and location study still area | ©" (L/me<d) efficiency
PTC (%)
Reference 2
(m?) area
(m?)
Z. A. Faisal et | Iraq - Najaf | theoretical
al. (2021) and 0.39 4.66
[29] experimental
Lei Muetal. |32.28 °N, experimental | 0.2
(2019) [34] | 106.75 °E 0.75 | 832 18.4%
Amrit Kumar | 13.0821°N, | experimental
Thakur et 80.2702°E 0
al. (2021) 0.5 42 |8.08 8.55%
[43]
Anil Kumar et | 23,16 experimental 4.1
al. (2020) [45] | oy 77,36 °E 1 1513 | (for level | 16.6%
0.15m)
Jamel 18.2465 °N, | experimental
Madiouli et 42.517°E 1 2.19 13.6%
al. (2020) [46]
Hamdy 26.330N, experimental | 1.5 3 8.2 99 204
Hassan (2019) | 31.41°E
[48]
Mohamed 26.33°N, experimental 8.5 use DS
Fathy et al. 31.41°E 1.5 3 and oil as 23.26%
(2018) [51] work fluid
Hawraa Fadel | 32.1° N, 44. | theoretical 0. 154
et al.(2022) 19 °E and % 1.12 | 6.8 L/Im?d
. m
[52] experimental
Present study 3:13;?59 N, 44. | experimental 0.23 112 |77 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).

salt water
tank Parapolice trough

LR a—— laess Fresnel lens
g : ) ';1 Modified
solar sty solar still Absorber tube

Data

logger -‘

l Fluid tank “luid motor
"4 computer
i~
distillate container di 3
S . C £
RS wind speed

meter
meter
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-

Salt water
tank

Fluid
pump

computer

Distillate Data Flud tank §| Wind speed Solar power
container logge meter meter

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

b

the parabolic trough

Figure 3.2 shows a schematic representation of the solar desalination

system used in this thesis.

Parabolic trough
collector

~

~ Fresnel
lens

Flow meter I

Computer

vaive

Data logger
Heat exchanger

Solar still
Fluid tank Pump

[

_— T

freshwater

valve

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 m?) 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.

—- south

WISty

Wit

&

46 cm

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).

Salt water level tank
tank

basin water
—» level (at2 cm)

l

valve

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).

Focal point

y=194cm

£,=21.05

Figure (3.6): Parabolic trough dimensions.

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

parameter value unit
Aperture area 1.12 m?
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).

incident radiation

Trid b otyyy

30

=30cm

Focal Length

e ¥

Wer=Lr=Dr

Fresnel lens

focal point

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 m?
Focal length 30 cm
Refractive angle 36.9° dagree
refractive index 1.49
largest diameter of the 30 cm
grooves

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 (f7,), and solar radiation concentration ratio (CR,,)

shown in Figure (3.13)

Receiver
Concentrator

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

The focal length of the reflective parabolic trough (f,,,)can be found by the
following equation[54]:
XZ
fio=7; (3.1)

4y

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).

g

S/

AN

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

N
T

The concentration ratio (CR,,), which is the ratio of the effective aperture
area (A,) to the a area of focus on absorber tube (Ay,.), is the most important
feature of a PTC [56].

Ap

CRy= Aror

(3.2)
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The area of the parabolic trough collector (4,) is the product of the trough
width (WW},) and the trough length (L,). The following equation can be used as
follow [57]: -

A=W, - L, (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=T Dabs Lgps (3.4)

D.bs: IS the diameter of the absorbent tube

Lqps - 1S 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 (fr):

The calculation of the focal length of a Fresnel lens (f,r) depends on the
prism angle (a), refractive index (n), aperture area of Fresnel lens as length,
width,and largest radius of the grooves (), 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 o= dd (3.5)
n,”’pg*(fLF)z-fLF
3.4.2 Aperture area calculations of a Fresnel lens (Af):
To calculate the effective Fresnel lens surface area (Ar), multiply the lens
width (W) by the lens length (L) as shown in Figure (3.16). Since the lens used
IS square, its largest prism diameter (D) is equal to the length of one of its sides.

The equation can be written as follows[60].

AF - LF * WF - DF2 (36)
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solar radiation

» Fresnel Lens

> A‘Frssnel: Area lens

Focal Length

» Ay area focus in absorber

¥

Absorber tube

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 (Q.) to the amount of energy input per hour (Qs can be
expressed by the equation (3.7) [61] [45].

= Qu
n=1, (3.7)
Qu = Mev * hfg (38)

M,,,: is the amount of daily productivity of fresh water.

hs4: 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]:

hsy = (2501.9 — 2.40706 * Ty, + 1.192217 x 1072 % T, — 1.5863 * 1075

Ty>) * 103 (3.9)

Ty, : 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=As Is (3.10)

Where (I5) the incident solar radiation intensity (W/m?). A, is area of the surface

for incident solar radiation (m?)

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 (h¢,) (J/kg), the average solar radiation per day

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

__ XMeyxhyy
Y Is%(Ap)*3600

Nen 107 (3.11)

A, :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].

_ ZMev*hfg
YIs*Ap+IsxAp]*3600

% 102 (3.12)

Nth

Ay, : is parabolic trough area.

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

the parabolic trough collector[66].

_ X Mey*hsg
YlIs*xAp+IgxAp+I1sxAR]*3600

* 102 (3.13)

Nth

To calculate the percentage of pure water productivity enhancement ratio,
the following equation is used[67]:

Pgnn% = (22€) ¥100 (3.14)

Cc

Pgn%: is the Productivity enhancement ratio.
Py, :isthe modified water productivity.
P: 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 | 1 2 3 4 5,6 7 8

no.

Location Ambient | Water | Galvanized | Moist Inner | Outer
feed | plate steam | Basin | glass | glass
temp. water | cover | cover

temp.
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Table (3-4): Distribution of dual thermal sensors on the experimental parts
of the solar still with PTC.

Thermocouple
9 10 11 16 12,13 14 15
no.

Fluid Fluid temp Basin Outer

) ] ] Inner
_ temp in out Galvanized | Moist | \Water glass

Location Glass
absorber absorber plate steam | temp. cover

cover

tube tube

CKT4000
Multi-Channel r Reco
- EED
USE y pr €
E -
—_ p——
= =
= EC&’\\CKT CHANGZHOU CHUANGKAI ELECTRONIC CO., LTD TREEIEINERE
T Liad
s .

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 / m?, 1-3999
W/m?, as shown in the figure (3.20). Error percentage is (+ 5% or + 10 W/m?) as

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

46



CHAPTER THREE EXPERIMENTAL WORKS

p J

SOLAR POWER METER

K

(w/g)  [EoLB

SM206-SOLAR

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/m? 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/m?, 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/m? 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/m? 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/m? 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/m? d and 5.98 L/m? 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/m?2, 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/m?,
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/m?2 and an average wind speed from (2.1) m/s
is (6.85, and 5.34) L/m? 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.
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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/m?, 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/m?, 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/m? per day respectively, with an average solar
radiation of 632.3 W/m? 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 (4.12): 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/m?, 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/m?. Then, it decreases
as the ambient temperature continues to rise. The average radiation intensity was
(670.7) W/m? and an average wind speed was (1.19) m/s. The cumulative output
of freshwater reached 5.3 L/m?d and 7.5 L/m?d 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.

66



CHAPTER FOUR RESULTS AND DISCUSSIONS

80 —— Tambint
—@— Twater feed tank
—— T p
70 4 —w— T water basin
Tinside glass cover
Toutside glass cover

O 60 - —fe— Tvapor
o
L
= 50
—
(]
—
&40
=
D
— 30 -

20

10 T T T T T T T T T T T T T T T T T T T T T T 1

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

Time (hr)
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/m?, 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/m?, and then decreasing thereafter. The cumulative output per
day reached an average intensity of solar radiation (623.9) W/m? and an average
wind speed was between (1.34) m/s (4.7, 6.7) L/m? 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/m?, 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/m?, 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/m? and an average wind speed of (1.55) m/s
is (5.3, 7.7) L/m? 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.

2T wind speed ()

—m— solar radiation (w/m?)
—m— pro. of CSS (mL)

w
ol

40 250

—a . . 1000

T~ / 200

><l :/ i \5\\: 7 e
Sl

200

\

X

N
o

(*C)
)

N
o

100

Wind speed (m/s)
Tempratuer
& 8
\%
\=

productivity

Solar radiation w/m

50

o i

(2] o

\

—
—
——
/
g

\
/ — )
6 7 8 9 10 11 12 13 14 15 16 17 18

Time (hr)

o©
o

Im
o

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/m? 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/m? 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 m? 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 m? 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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