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Introduction

With increasing the world's population, the demand for supply water resources is also increasing.
Nevertheless, climate change has severely impacted the accessibility of fresh water resources. Consequently,
researchers have been focusing on producing drinkable water from seas and oceans. Iran, with its significant
levels of solar radiation and access to open water from the north and south, is an ideal country for fresh water
production. Using solar water desalination systems is a reliable and cost-effective solution for producing
drinking water from salt water sources. The purpose of this research is to enhance the performance of the solar
water desalination system by using the latent heat storage system and a solar tracking system. In this
experimental setup for fresh water production, water was used as the working fluid, while a parabolic collector
functioned as the source of thermal energy.

Materials and Methods

The solar water desalination system was designed and built on a laboratory scale at the University of
Kurdistan, and then the necessary experiments were carried out. The flowing fluid (water) inside the spiral tube
in the tank is pumped into the absorber tube of the parabolic collector. Inside the receiver tube, there is a spiral
copper tube with a 7 cm pitch, which contains paraffin. The parabolic mirror reflects the sunlight onto the
receiver tube, causing the working fluid, water, to heat up. The cooling process is achieved using a specific
source located in the upper section of the distillation tank. In this case, the steam droplets in the tank hit the
bottom surface of this cooling tank, which has the shape of an inverted funnel, leading to condensation. The
study was conducted over four consecutive days, from 10:00 to 14:00, under identical conditions from August
24th to August 27th, 2022. It took place at the Renewable Energy Laboratory, University of Kurdistan in
Sanandaj, Iran, and was conducted for three different volume flow rates of fluid: 1.9, 3.1, and 4.2 1.min* with
phase change materials (PCM) and 4.2 I.min"! without phase change materials (WOPCM); the pump’s maximum
flow rate was 4.2 L.min. Variations of outlet temperature, thermal efficiency, desalination efficiency, and
produced water were investigated under different conditions.

Results and Discussion

The results reveal that by decreasing the pitch of the spiral tube, there is an increase in the amount of heat
captured, due to the increase in the Nusselt number. At the beginning of data collection, a significant amount of
the energy that enters the receiver tube is absorbed by both the phase change material and the spiral tube inside
the receiver and as a result, the initial air temperature is lowered. The highest temperature of salt water occurs
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when the fluid is flowing at a rate of 4.2 l.min", while the lowest temperature is observed at a flow rate of 1.9
I.mint. With a flow rate of 4.2 I.min, the absorbent tube rapidly transfers the absorbed heat to the salt water
chamber through the fluid. The input energy to the tank has increased from 1.53 to 2.83, 1.14 to0 2.18, and 0.73 to
1.48 MJ for fluid flow rates of 4.2, 3.1, and 1.9 L.min?, respectively. At a flow rate of 4.2 L.min%, the thermal
efficiency of the system without phase change materials (3.51%) is lower compared to the case with phase
change materials (5.02%). Moreover, using a solar tracking mechanism increased the thermal efficiency of the
collector by 9.86% compared to the system using a photocell sensor. Based on the water quality values, it can be
stated that the level of dissolved solids in the water sample has been significantly decreased. This indicates that
the water can be used for drinking.

Conclusion

In this research, the process of thermal changes in a solar water desalination system using PCM was
investigated. The obtained results demonstrate that the use of PCM improved the thermal efficiency of the
collector and the water obtained from the current system is safe for consumption. Furthermore, by implementing
a solar panel tracking system, the efficiency of the solar collector is improved.
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Table 1- Components details of the solar collector and desalination system

sbo] s I3 2l ol
Primary Parts Part details
system

Parabolic trough

Reflector: Stainless steel (Area: 1500 X 900 mm?, thickness: 1 mm) with the reflection
coefficient of 0.91, absorption coefficient of 0.1, and concentration factor of 25. The

Solar collector collector inclination angle was 45° north-south.
Receiving A 30 mm copper tube, Imm thickness
element
Tank An Aluminum tank, with diameter of 300 mm and height of 500 mm, covered by glass wool

Spiral PCM tube

with thickness of 40 mm (for insulation)
A copper tube with 1 mm thickness, 6 turns, and 10 mm pitch, placed in the middle of the

Desalination tank and 100mm from the bottom.
system Working fluid Nanofluid (Water + Al203, 3.75%)
Fluid pump DC 12-volt, Max. 10 Ampere, 5.9 I/min, Model (NM, 32-60-180)
DISS;/I;:::;I]OH 0.5 mm thick steel, with a conical water collector, and capacity of 10 liters.
Electromotor A DC electromotor, 12 V, 40 rpm, Model: JSX69-370, China.
Gearbox A 1:80 Gearbox, Model: 2363-75-China
Tracking Detectors Two 10 Watt PV, Monocrystal, RT010-M, Restar solar Co, China
mechanism Co;trrcoulillng An Arduino, UNO R3 (connected to a laptop)
PV Panel 10W, YL 10C-18b, Module efficiency: 17.4%, Current at Pmax: 0.56A
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Fig.2. Schematic of solar desalination: 1- Absorber tube, 2- Fluid outlet, 3- Reflector, 4- Working fluid inlet, 5-
Working fluid outlet, 6- Pump, 7- Salt water tank, 8- Outlet drinkable water, 9- Chiller unit, 10-Cold water inlet, 11-
Steam flow, 12-Working fluid inlet to the pump, 13-Anemometer, 14-pyranometer, and 15-Datalogger
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Table 2- Properties of paraffin wax used as PCM inside the collector
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Fig.3. Changes in solar radiation intensity during the test time
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Fig.4. Changes in temperature, humidity, and ambient air velocity during the hours of data collection
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Fig.7. a) Variations of input thermal energy and b) total input energy to the solar water softener chamber for
different flow rates of the working fluid and the state without phase-changing materials in relation to time
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Fig.9. The amount of fresh water produced by solar desalination

el ol 3 b GBI By 55l 5 lej GRS > 4
Slbw 3 Jlw by 6lp) o doger (S8 (G551 B e
oElS (93909 (S G55l 5 (b oS ger g 0diS s
TN ol o yieS 9 ZYOINY oo dm 035l oyt b o0
355 033 el Canddy 488 p 1) ¥V 9 VA 0 Gl b
S5 s onimd 16 s o3le I ookl b dilobes bawgs jo T 3905
oS ool wbols & (9399 )l 65l Egeme (092 Sy
03lo 3939 0,8 Ty dgue doyd MY e 4 JBlas cand o
@ byt oxiS gex jl (293 (G5l b oo El oaindjlh s

b )38l as s A/FY 5

m SEC considering total energy

13 1 = SEC considering electrical energy a

11 +
g7
S 7
mt
B 5

3 4

1 d

W, W,
PCM PCM OPCAJ

42, 3 19
11[/1111_[] /11‘/,22 ]1[/1121

Condltlon

obe Gl (S Sl GGl Spas plie e ol o L

> 30 i alebw (6l 1) SEC s G-y S pioron
3l plis) ouiS ger basgs oadispslaen )l 51 85
b ol o s 5550 e o 86 oy i (OIS0,
o O 3 Cilis Lyl gl cdls ol )3 amd o L
ol o e p SIS 2 Jge YYD B Y/HF I ol oo
P55 2 Jo3le YIV e oindjld s dlge (9 Sl gl jlade
0992 5 b oSy dlebew (IS ledly opl o 0gMe ad ol
uadube (JSU llas .Cusl oad 03l lis Y. ISUs ;5 PCM
23 o 905 i35 03l (Sl Sl ey Sl L S

41 -

N w w
o = »
1 1

= e
= »
L L

Desalination efficiency (%)
N
—

(o]
1

=

Condition

(U5 551 5 (oS (5551 5,5 5 > 1) SEC ol (il =Y+ JSS

023}l8 )5 dlgo Jolgd g lgn (b >
Fig.10. a) SEC (considering electrical energy and total energy) and b) overall solar efficiency at different air flow
conditions and phase change material distances



VPor olmsl ¥ o )lod NF alor (65,95 sloomilo 4y VAT

5 g.j ceas &9y = J|9_a d)lf)fi] pis dl)’. alolw )‘l o.\.«i‘:@l&
ovgabis 420 F (cled 0 Loy )0 jued (glddnid Byl g0
O JS3) 2535 (5 e

QMTA:H-UJQ J.hﬁ.a ‘TJ 9.35 ‘:.4‘:.:"’|
S ool alobs I Jols ylaiie O L aS 2bj)l ol
v‘—%ameomujguwum Sy

sladiges b ool Jlanl biws,S o8 sl (655 10 olKiiule ;!

RS (gl (gdd o> L)Sd).u»(_j wlolw jl 59,5 A,J Lgad -1 Jﬁw
Fig.11. Sample of the water output from the solar water desalination system for quality
measurement

O8y5 a8 3 L S dlie )l 3kl s> 4y s (5508
ANNAN, ) 33l 55 o S oo Yo a8 a3 S (5
slome polie madw g mawby (sl (Shcheklein, & Ali, 2021
(Yang et s il o s pp S o VY Ve B0 o sl iy
ods Jols jhaio o ]y ogde al., 2003; Khan et al., 2023)
b cal 0ad O 3 pin paic G Glyets (ol ate Gl el
L aiges o a5 cdlyd g o ¥ Jodo 50 005)SD polie 4y dng
Oyt Byan gl Slg5 oo (Buw g Jobe del> dlge ials

25 51,8 osliiel 5)50 oy

il il Jeols abond 5 (S8 Lol ¥ g

Lgye polio 4 dgi b .canl o o3l ioles olKiislej] )3 diges
Jgloee dele dlgo JS' g (B (lje o5 by Glien b piel )l 4
OalS (R F B ol 4 sped 0 O s Cod igai O
Oy Ol Olasuio § (S a8 answl e ol p ogMe lassl
wlolw 3l oolaz wl [} Byl 51 .cawl oduuwy /2 4 MA 1 ail o
conlS Jols polic oyl sl 01035 505 e yolic LialS e,
b Ol gl jlome maisto (liee it adus g w2 5o qoresliy
(2 yt0 b.\_.::)..hb L_J sl )uJ » ‘D)f‘_;l.:ﬁ Yo Uy O .))lJuLuw]

L_J).w L_J 9 alolw )l J..al> c_:T le).s DMJJ:.{NJ )..oL.c 4 .‘09.5).9 )J.)LO.A -y JSJ«?
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