
NTU Journal for Renewable Energy (2024) Vol. 7 (1): 13-21 

DOI: https://doi.org/10.56286/ntujre.v7i1 

© THIS IS AN OPEN ACCESS ARTICLE UNDER THE CC BY LICENSE: https://creativecommons.org/licenses/
by/4.0/ 

13 

Effects of Utilizing Black Glass Balls, Phase Change Material, and Fins on 

the Performance of the Single-Slope and Single-Basin Solar Water Distiller 

under Climate Conditions of Mosul City: An Experimental Study 

        Mohammed A. Basim 1, Omar Rafae Alomar 1

1 Engineering Technical College of Mosul, Northern Technical University, Cultural Group Street, Mosul, Iraq 

Article Informations ABSTRACT 

Received: 01 – 06 - 2024 

Accepted: 10 – 07 - 2024 

Published: 21 – 07 - 2024 

The present investigation involves an experimental examination of 

incorporating rectangular fins, black glass balls as porous media, and phase 

change material (PCM) above the absorber surface to improve the 

effectiveness of the single-slope and single-basin solar water distiller 

system, known as MSS-FPPCM. Data was gathered in November and 

December 2023 in Mosul City, Iraq. The performance was evaluated with 

and without the addition of porous media at varying water depths. The 

results indicated that the highest basin water temperature, PCM 

temperature, productivity, and efficiency were achieved when utilizing fins, 

black glass balls, and PCM. The maximum temperatures recorded for water 

basin and PCM, productivity, and efficiency were 55°C, 55.4°C, 1.01 

kg/m2, and 30.83%, respectively, at a water depth of 3cm. The results 

highlight the significant impact of porous media, phase change material, 

fins, and water depth on heat exchange, evaporation, and heat transfer rates. 
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1. Introduction 

        Water scarcity is a significant contemporary 

issue confronting both developed and developing 

nations, stemming from population growth, 

industrialization, and agricultural advancement, all 

of which vie for a finite fresh water supply [1]. 

Water covers approximately 97.5% of the earth's 

total water supply on the surface. As a result, the 

amount of fresh water is about 2.5%. Most of this 

freshwater trapped in glaciers and underground 

aquifers. Therefore, the accessible quantity of 

freshwater is exceedingly scarce and insufficient to 

meet the demands of rapid global development [2]. 

Hence, scientists use various technologies to face 

this challenge; solar desalination is one of the most 

efficient solutions [3]. In contrast to conventional 

desalination methods that rely on fossil fuels or 

electricity, solar distillation harnesses the sun's heat 

to generate freshwater, employing a solar still for the 

purification processes [4]. The environmental 

benefits of solar desalination systems and lower fuel 

costs drew a lot of attention. These systems are 

popular because of their simplicity, affordability, 

ease of manufacture using locally available 

materials, eco-friendliness, and low maintenance 

costs, but they suffer from a lack of production [5], 

[6], [7]. To increase the productivity and thermal 

efficiency of the SSs, various studies have been 

carried out. Various SS system configurations, 

including pyramid SS [8], [9], [10], stepped SS [11], 

[12], [13], Tubular SS [14], [15], [16], and trays SS 

[17]. Moreover, the performance of the SS system 

has been enhanced through the introduction of fins 

[18], reflectors [19], [20], phase change material 

[21], [22], [23], [24], nanoparticles [25], [26], wick 

materials [27], porous media [28]. These methods 

improve the performance of the SS systems. El-

Samadony et al. [29] introduced a novel theoretical 

analysis of the radiation heat transfer rate in a 

stepped SS, emphasizing the radiation shape factor 

between the hot saline water and the glass cover. It 

examines how the glass cover's inclination angle and 

solar insolation affect the productivity of the stepped 

SS. The findings indicate that the radiation shape 

factor significantly affects thermal performance 

predictions, especially at lower solar insolation and 

higher glass cover inclination angles. Accounting for 

the radiation shape factor can increase the solar 

still's productivity by as much as 18.8%. Duskiardi 

et al. [20] presented the performance of solar water 

stills using reflectors in Padang City, Indonesia. The 

results show that when using the reflector, the 

freshwater output increased by 16.8%. Omara et al. 

[30] examined a new desalination system called the 

vertical rotating wick SS (VRWSS).  

     This system underwent testing in various 

scenarios, including the use of wick materials, belt 

rotational speeds, and direction of rotation. The 

VRWSS proved to be compact, facilitating rapid 

water evaporation and condensation due to its 

minimal thermal capacity. The jute wick 

outperformed the cotton wick in productivity at all 

belt rotational speeds, except 0.02rpm. Water 

production was enhanced with counterclockwise 

rotation and diminished as speed increased. 

Moreover, counterclockwise rotation yielded greater 

productivity than clockwise rotation at all speeds, 

barring 0.02rpm. Implementing solar tracking 

increased freshwater production by 37%, resulting in 

thermal efficiency. A comparative study by 

Hammad et al. [31] focused on enhancing the 

freshwater output of a single-slope solar distiller by 

incorporating a v-corrugated basin and PCM. Tests 

are conducted on distillers with both flat and v-

corrugated basins, with and without PCM, under the 

climate conditions of Tanta, Egypt. Thermal analysis 

of four distillers is carried out to assess daily 

energetic efficiency and freshwater output. 

      The findings indicate that the VBSD-PCM 

significantly outperforms the other models in 

energetic efficiency and freshwater output. 

Specifically, water production and daily energetic 

efficiency are increased by 63.57% and 72.70%, 

respectively, over the TFBSD. The study suggests 

that the VBSD-PCM configuration holds 

considerable promise for boosting the efficiency and 

freshwater production of solar distillers. In addition, 

Badran et al. [32] conducted a study to improve the 

efficiency of the traditional multi-slope SS used in 

remote villages lacking electricity and clean water. 

These stills were modified with a photovoltaic array 

to heat water via an electric heater. 

      The study assessed the performance of the 

photovoltaic-coupled SS (PVSS) with a basin area of 

0.64m2 against a conventional SS (CSS). Findings 

revealed that the PVSS's productivity in active mode 

was more than three times higher than the CSS, 

which produced 2.2-2.34 L/m2 in passive mode. 

Additionally, the study indicated that the SS's daily 

efficiency reached approximately 44.8% when 

operated in active mode with additional energy, 

yielding 6 liters of distilled water. Furthermore, 

Chichan et al. [33] have created a unique solar 

design specifically for the tough environment of 

Baghdad. To minimize evaporation energy, the 

design temporarily stops the distillation process 

between 12 and 3 PM using an ordinary sun-cover 

glass with high temperatures. Solar air temperature 

has significant impact in severe areas. Without any 

cooling aid, the suggested method increased 

production by 120.8%; when the fixed cover was 
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cooled with a fan after 4 PM, productivity increased 

by 337.36%; and when the lid was cooled with 

water, output increased by 403%. In addition, Al-

Doori et al. [34] utilized three local rocks (crushed 

rocks, concrete bricks, and basalt rocks) to enhance 

water production in a double-slope SS. Productivity 

increased by 42% with concrete bricks, while it 

surged by 111% with basalt rocks. The highest 

recorded water temperatures were 73.2°C in 

concrete bricks and 75.2°C in clear basins. The peak 

water temperatures observed in basalt rocks and 

clear basins were 71.6°C at 3 PM and 77.3°C at 2 

PM, respectively. Jamal and Siddiqui [35] 

researched the effects of water depth in the basin at 

east-west and north-south orientations. Using a 

double-sloped SS, they looked at the heat transfer 

coefficient between the surface of the glass cover 

and the water. The study was carried out in Aligarh, 

India, under open-environment conditions. The yield 

is highest in shallow water and when the still is 

oriented north - south, according to the results. 

Productivity declines with increasing water depth, 

peaking at 5cm. 

      The examination of the literature reveals that the 

majority of research focuses on enhancing the 

performance and water productivity of solar water 

distillers, mostly on conventional models with 

expanded surfaces, PCM, nanoparticles, water depth, 

integrated photovoltaic, and cooling an inclined 

cover. However, single-basin and single-slope solar 

distillers with phase change material (PCM) and a 

porous media have not been included in prior 

studies. According to this study, a single-slope solar 

water distiller's performance may be improved by 

adding fins, a porous media, and phase change 

material (PCM) above the absorber surface.  

      Iraq is acknowledged for dedicating considerable 

electrical power to water purifiers, leading to 

spending a lot of money. However, Iraq has 

significant solar energy that could be harnessed for 

water distillation. Implementing a solar distillation 

system emerges as a promising solution for 

generating pure water and saving energy consistently 

throughout the year. This system can be utilized in 

regions lacking access to clean drinking water, with 

the potential to connect well water to provide safe 

water for human use. The main objective of the 

present work is to investigate the effects of fins, 

porous media (black glass balls), and phase change 

material (paraffin wax packed in circular tubes) on 

the performance of solar water distillers with a 

single slope and single basin. 

 

2. Experimental Set-up 

     To achieve the highest thermal capacity of 

traditional SS, the performance of the single-slope 

and single-basin solar water distillers can be 

enhanced by utilizing fins, black glass balls as 

porous media, and PCM (paraffin wax packed in 

circular tubes).  

        The system was designed and constructed. The 

schematic view is shown in Figure 1. The 

experimental set-up is installed at the laboratories of 

the Northern Technical University, Iraq/Mosul 

(36°22'32.0"N 43°09'03.2" E). The system is called 

a modified solar still with fins, porous media, and 

PCM above the absorber (MSS-FPPCM). The MSS-

FPPCM is made from a galvanized iron sheet with a 

thickness of 2mm. The distiller body insulated with 

cork is 2cm thick from five sides, and then the still's 

body with insulation is put in a wooden box to 

reduce heat losses to the ambient. The wooden box 

walls are 18mm in thickness. The corners of the 

basin welded to prevent leakage.  

      The fins constructed from galvanized iron and 

arranged in a staggered form above the absorber 

plate. Each fin measures 8 cm in length, 4cm in 

width, and 2mm in thickness, with a 5cm gap 

maintained between them. The basin area is 

0.504m2. Figure 2 shows the distiller body during 

the manufacturing process. Both the fins and the 

basin coated with matte black paint to enhance the 

absorption of solar radiation. The distiller's body has 

two holes: one for water intake connected to a feeder 

tank via a rubber tube, and the other for drainage at 

the basin used for cleaning the basin after post-use. 

     

 

 

 

 

 

 

 

 

          The distiller's glass cover is 6mm thick, with 

rubber seals along the basin edges to prevent vapor 

escape and around the glass cover to protect it from 

 
Figure 1: Schematic view of the MSS-

FPPCM Model 
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damage. The inclination angle of the glass cover is 

selected to be 46° from the horizontal [36]. The tests 

done in November and December 2023 in Mosul, 

Iraq. The condensate water is gathered in a channel 

made from PVC that moves on the inner side of the 

glass cover. The amount of condensate water is 

collected and measured in a scaled cylinder. The 

tests are conducted according to the standard 

conditions specified by ASHRAE [37]. 

 

 

 

 

 

 

 
 

 

         Table1 presents the thermophysical properties 

of paraffin wax that packed in circular tubes used in 

the tests. 

 

Table 1. Thermophysical properties of paraffin wax 

[38]. 

Property Values 

Melting temperature (°C) 54 - 57 

Specific heat CpS (KJ/Kg.K) 2 

Specific heat CpL (KJ/Kg.K) 2.15 

Thermal conductivity KS (W/m.K) 0.22 

Thermal conductivity KL 

(W/m.K) 
0.24 

Density ρS (Kg/m3) 910 

Density ρL (Kg/m3) 790 

Latent heat of fusion (KJ/Kg) 170 

Volume expansion (solid/liquid 

phase change) 
16% 

Total weight of PCM paraffin wax 

for 10 circular pipes (Kg) 
0.8 

 

 

3. Experiment procedure  

         The experiment is carried out at two different 

water depths (3 and 5cm). Before initiating the test, 

the glass cover is cleaned, and all equipment is 

checked to confirm there are no leaks at any 

connection. The actual photographs of the test-rig 

experimental model are displayed in Figure 3. The 

solar radiation and temperatures of the ambient air, 

vapor, glass, and water are measured, and the tests 

are carried out from 8 AM to 7 PM. The solar 

radiation is measured by a digital pyranometer 

(Seaward Solar Survey 100 Irradiance Meter) with 

an accuracy of ±0.85W/m2. 

 

 

 

 

 

 

 

       A multi-channel thermocouple with an accuracy 

of ±0.65°C is used to record the temperatures of 

various solar still components. All reading takes 

every 15 minutes. The porous media (black glass 

balls) inside the basin of the MSS-FPPCM system is 

shown in Figure (4). 

 

 

 

 

 

 

4. Mathematical Analysis 

        

        In the current investigation, the effectiveness 

(𝜂𝑑𝑚𝑠) and the water productivity (Mʹ dms) of 

systems are determined as follows [39]:  

𝑀ʹ 𝑑𝑚𝑠  = ∑ 𝑀𝑚𝑠                      …………………. (1) 

𝜂𝑑𝑚𝑠 = 
𝑀ʹ 𝑑𝑚𝑠∗ 𝐿𝑒𝑣

∑𝐼∗3600∗𝐴𝑏
                 ………………… (2) 

      Where I, 𝐿𝑒𝑣 , 𝐴𝑏, and 𝑀𝑚𝑠 represent the total 

intensity of solar radiation, water latent heat of 

 

Figure 2: A photograph of the distiller body 

Figure 4: The porous media (black glass balls) 

in the basin of the MSS-FPPCM system 

 

Figure 3: Test-rig experimental model 
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evaporation, basin area, and total solar water 

distiller's hourly distillate production for 10 hours 

respectively. The water latent heat of evaporation is 

calculated as follows [40]: 

For Tv <70 °C : 
 
 

𝐿𝑒𝑣 = 2.4935 ⅹ 106 [1 – 9.4779 ⅹ 10-4 ⅹ Tv + 1.3132 ⅹ 10-7 

ⅹTv2 – 4.7974 ⅹ 10–9 ⅹ Tv3]    …………………... (3) 

 
 

For Tv >70 °C: 
 

𝐿𝑒𝑣 = 3.1615 ⅹ 106 [1 – (7.616 ⅹ 10–4 ⅹ Tv)]  ...…. (4) 

 

 
 

5. Results and Remarking Discussion 

         To illustrate how the addition of fins, PCM, 

and porous media above the MSS-FPPCM absorber 

surface affects the system's performance 

experimental study is conducted. The purpose of 

using fins, PCM, and porous media is to increase the 

basin's surface area, raise the water's temperature 

and productivity by optimizing heat exchange 

between the absorber and the water, store solar 

thermal energy, and release it into the water during 

periods of low solar radiation. The solar radiation (I) 

fluctuations for the MSS-FPPCM system is shown in 

Figure 5 as hourly fluctuations at different water 

depths, both with and without the use of black glass 

balls.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

         

        Based on available data, November 8th was the 

day when the irradiance peaked at 960 W/m2. In 

contrast, that day's sunset had a minimum irradiation 

of 76W/m2. The maximum irradiance levels occurred 

between 11 AM and 12 PM. Figure 5 demonstrates 

that irradiance levels begin to drop after 12 PM on all 

days studied. Water evaporation energy is mostly 

dependent on the quantity of irradiance that the 

system can capture.  

 

 

 

 

 

 

 

 

 

 

 

 

     Figure 6 illustrates the variation of the ambient air 

temperature during various days. The distillation 

process is also influenced by ambient temperature. A 

higher ambient temperature contributes to a warmer 

environment inside the distiller, which can speed up 

the evaporation rate. On the other hand, an 

excessively high ambient air temperature might result 

in a smaller temperature differential between the 

water and the air, which could reduce the 

condensation rate on the distiller's glass cover. 

 

 

 

 

 

 

 

Figure 5: Variations of intensity solar radiation for 

various days and water depth. 

Figure 6: variation of the ambient air 

temperature at 3cm and 5cm water depth 

Figure 7: Variations of basin water temperature at 

3cm and 5cm water depth 
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       Figure (7) depicts the variations in water 

temperature (Tw) at depths of 3cm and 5cm. The data 

confirm that Tw is significantly influenced by water 

depth. The basin's Tw peaks between 1 and 3 p.m., 

and then gradually decreases until 7 p.m. This 

suggests that water depth, the surrounding 

environment, and solar energy received are all factors 

affecting the basin's Tw. 

     Furthermore, the results indicate that the porous 

media influences Tw more than the phase change 

material (PCM). Water evaporation is accelerated by 

adding fins and porous media, which expand the heat 

exchange surface area and enhance the exposure to 

solar radiation. The integration of PCM aids in 

storing heat and releasing it after sunset. The results 

show that the peak Tw was achieved when using black 

glass balls and PCM, reaching 55 °C at a water depth 

of 3cm and 51.7 °C at 5cm. On the other hand, the 

peak Tw when using only PCM reaches 46.5 °C at 

3cm water depth and 41.5 °C at 5cm. Consequently, 

these findings verify that heat exchange is more 

efficient at the lowest possible water depth. 

        The temperature behavior of PCM (paraffin 

wax) with and without black glass balls at various 

water depths is depicted in Figure 8. According to the 

data, when black glass balls are used together with 

PCM (paraffin wax) reaches the highest temperature 

of 55.4°C at a water depth of 3cm and 54.4°C, at a 

depth of 5cm. In contrast, when PCM is used alone, 

its peak temperature reaches 49°C and 46.8°C at 

water depths of 3cm and 5cm respectively. Moreover, 

Fig. 8 shows that the temperature of PCM rises when 

a porous media is added, as opposed to when PCM is 

employed alone. The purpose of using PCM is to 

ensure the system's increased water production by 

capturing and storing excess energy during periods of 

peak solar radiation and releasing it after sunset. 

      

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

        Figure 9 illustrates the characteristics of vapor 

water temperature for water depths of 3cm and 5cm. 

These temperatures play a crucial role in determining 

the rate of saltwater evaporation and condensation. It 

is noteworthy that in this study, vapor temperatures 

are influenced by several factors: intensity of the solar 

radiation, water depth, porous media, PCM, basin 

water temperature, and the absorptivity of the basin 

plate. The findings reveal that the maximum vapor 

water temperature is achieved when black glass balls 

and PCM are incorporated with fins. This can be 

attributed to the PCM, which, in conjunction with 

black glass balls and fins, increased the heat exchange 

surface area between the water and the absorber plate, 

thus expediting the evaporation process.  

 

        Figure 10 illustrates the cumulative water 

productivity and efficiency of the MSS-FPPCM 

system using black glass balls with PCM and PCM 

alone at various water depths. According to Figure 

10(a), the distiller's highest water productivity is 

1.01Kg/m2 when employing black glass balls and 

PCM with fins at a 3cm water depth, whereas, it is 

0.77Kg/m2 when using only PCM for the same water 

depth. Figure 10(b) reveals that the distiller's peak 

efficiency is 30.83% when utilizing black glass balls 

and PCM with fins at 3cm water depth, in contrast to 

24.36% when using only PCM at the same depth. 

 

  

Figure 8: Temperature behavior of paraffin wax 

at 3cm and 5cm water depths 

(a) 

Figure 9: Vapor temperature behavior at 3cm and 

5cm water depth 
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 Figure 10: Variation of (a) Water Productivity and (b) 

Efficiency at 3cm and 5cm water depth 

      The addition of porous media, PCM, and fins, 

above the basin, is responsible for the highest values 

of water productivity and efficiency. These elements 

combine to increase surface area for heat exchange 

and provide additional energy storage through latent 

heat from solar radiation, which is subsequently 

released after sunset. 

 

 

Conclusions and final remarks 

     Experimental investigation on the effect of adding 

rectangular fins, porous media, and PCM above the 

absorber plate of single-slope and single-basin solar 

water distiller under different water depth 

experimentally evaluated. Two cases applied. Case1 

used black glass balls, PCM, and fins above the 

system's basin, and Case2 uses PCM only with fins. 

Experiments were conducted under the climate 

conditions of Mosul, Iraq, in November and 

December 2023. The next observations are 

ascertained as follows: 

1. The results show that Case1, which uses black 

glass balls, PCM, and fins at 3 and 5cm water depths, 

achieved the highest daily production and efficiency 

compared to Case2 that utilized only PCM with fins 

at the same water depths. 

2. Case1 reached the highest water temperature of 

55°C at 3cm water depth, while Case 2 reached a 

maximum of 46.5°C at the same water depth. 

3. Case1 also recorded the highest water 

production, with 1.01 kg/m2 at 3cm water depth. 

4. The results indicated that the thickness and angle 

of the glass cover, the basin area, weather conditions, 

and the intensity of solar radiation significantly affect 

the efficiency and productivity of a solar water 

distiller. 
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Nomenclature 
 

SS Solar Still 

CSS Conventional Solar Still 

TSS Tubular Solar Still 

PCM Phase Change Material 

NPCM Nanoparticles Phase Change Materials 

VRWSS Vertical Rotating Wick Solar Still 

VBSD-

PCM 

V-corrugated Basin Solar Distiller 

integrated with Phase Change 

Material 

TFBSD Traditional Flat Basin Solar Distiller 

PVSS Photovoltaic coupled with Solar Still 

MSS-

FPPCM 

Modified Solar Still integrated with 

Fins, Porous media, and PCM 

I Solar radiation, W/m2 

Ab Basin area, m2 

𝑀ʹ 𝑑𝑚𝑠 Daily distillate productivity, kg/m2 

 

Lev Latent heat of evaporation of water, 

J/kg 

 

𝜂𝑑𝑚𝑠 Efficiency of the Solar Still (%) 

 

Ta 

 

Ambient Temperature, °C 

Tw Water basin temperature, °C 

Twax Phase change material temperature, 

°C 

Tv Vapor temperature, °C 
 


