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a b s t r a c t
The current experimentation work aims to enhance the hemispherical solar distiller’s yield by 
employing contiguous extended cylindrical iron bars as energy storage corrugated absorbers. 
After installing the contiguous extended cylindrical iron bars, the absorber surface is similar to 
the semi-circular corrugated surface; the extended cylindrical iron bars represent sensible storage 
materials. To get the optimal diameter of contiguous extended cylindrical iron bars that achieve 
the highest performance, three hemispherical distillers were designed, fabricated, and tested in the 
same El Oued, Algeria weather conditions, namely; first is a conventional hemispherical distiller 
(CHD), and the second and third are hemispherical distillers that include contiguous extended 
cylindrical iron bars (HD-CECIB) at different diameters of (8, 10, 12, and 14 mm). The experiments 
were conducted in two scenarios; in the first scenario, contiguous extended cylindrical iron bars 
with diameters of 8 and 10 mm were installed in the second and third distillers (HD-CECIB8 and 
HD-CECIB10), respectively. In the second-test scenario, contiguous extended cylindrical iron bars 
with diameters of 12 and 14 mm were installed in the second and third distillers (HD-CECIB12 and 
HD-CECIB14), respectively. The results show that 14 mm represents the optimal diameter of contig-
uous extended cylindrical iron bars that achieve the highest performance. The cumulative yield of a 
reference CHD reached 4.8 L/m2·d. In comparison, the utilization of contiguous extended cylindrical 
iron bars with 14 mm diameter (HD-CECIB14) improved the accumulative yield to 8.35 L/m2·d with 
an improvement of 74% when compared to CHD. Also, the daily thermal efficiency of HD-CECIB14 
reaches 70.3%, with an improvement of 72.3% compared to CHD. Furthermore, the economic feasi-
bility illustrated that using contiguous extended cylindrical iron bars of 14 mm diameter is a very 
effective choice because it reduces the distillate water costs produced by 41.2% compared to CHD.

Keywords:  Hemispherical solar distillers; Extended cylindrical iron bars; Corrugated absorber; 
Sensible storage materials; Optimal diameter; Solar energy
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1. Introduction

Water is the primary factor in ensuring the survival of 
life on the planet. Unfortunately, in most parts of the world, 
there is a severe shortage of fresh water, which stymies 
progress in many areas. As a result, providing fresh water 
is one of the top priorities for bridging the gap, as countries 
all over the world spend a lot of money and effort attempt-
ing to bridge their water deficits and provide the quantities 
of consumable water they require, whether for drinking, 
domestic, industrial, agricultural, or other purposes [1–5]. 
Solar water distillation is one of the most environmentally 
friendly desalination techniques, as it utilizes sunlight 
to generate the energy needed to run it [6–9]. Despite the 
abundance of free and clean solar energy, its disadvantage 
is its low consumption compared to other, more expensive 
desalination technologies [10–15]. Many studies and scien-
tific publications have been released to improve the daily 
yield of solar stills.

Attia et al. [16] empirically conducted the performance 
of hemispherical solar distillation employing various con-
centrations of graphite in order to find the optimal concen-
tration for improving hemispherical solar distillation yield. 
According to the findings, the 35 g/L graphite concentra-
tion resulted in the highest yield of a hemispherical solar 
distillation device. Attia et al. [17] used gravel of various 
sizes (4–16 mm) to determine the optimal gravel size for 
improving hemispheric solar distillation yield. Per the 
analyses, the black gravel size 16 mm achieved the high-
est yield of a hemispherical solar distillation device, with 
a 57.1% improvement compared to the reference distill-
er’s results. Attia et al. [18] empirically verified the use of 
El Oued sand grains with different concentrations to get 
the best concentration to improve the hemispherical dis-
tillation performance. The results concluded that the 30% 
(30 g/L) sand grain concentration achieved the highest 
cumulative yield of the hemispherical distillation device, 
with an improvement rate of 52.1%. Attia et al. [19] inves-
tigated the effects of phosphate bags on solar still prod-
ucts at 1 and 2 cm depths in the water. When compared 
to the findings obtained by the reference distiller (3.8 L/
m2), the phosphate bags are the best suitable for improv-
ing the solar still yield, which was improved to 4.9 and 
5.3 L/m2·d at a water depth of 2 and 1 cm, respectively.

Attia et al. [20] investigated the impact of sandbags on 
solar still products in 1 cm of water. When compared to the 
reference distiller, the sandbags boosted the performance 
of the solar still by 34.57%. The impacts of marble pieces 
and sandstones as energy storage materials in solar distil-
late manufactured of fiber-reinforced plastic sheet prod-
ucts were investigated by Panchal et al. [21]. According to 
the findings, the marble and sandstone chunks increased 
the conventional solar still performance. The effects of 
gravel, polyethylene, and sand as absorbent materials in 
glass solar distillate products were investigated by Nasri 
et al. [22]. The results showed that when gravel and poly-
ethylene were used instead of sand, the rate of output was 
32.20% and 16.67% higher, respectively. Abdelgaied et al. 
[23] experimentally conducted the effects of different thick-
nesses (20, 30, and 40 mm) and densities (16, 20, and 30 kg/
m3) of the sponge layer on tubular distiller performance. 

The sponge layer (30 mm and 16 kg/m3) had a higher rate 
of production of 59.2% compared to tubular solar stills with 
different thicknesses of the sponge layer (20 and 40 mm) 
and densities (20 and 30 kg/m3).

Madhu et al. [24] conducted an influence of on box sand 
on the thermal behavior of solar still in an experiment. The 
maximum exergy efficiency with boxes was found to be 
13.2%, which is lower than the standard solar still without 
boxes and sand inside the basin. Kabeel et al. [25] examined 
the effect of cement-coated red bricks on solar still’s ther-
mal performance. Compared to standard solar stills, the 
researchers discovered that the cement-coated red bricks 
had a 45% higher production rate.

Attia et al. [26] conducted experimental studies on fins 
set at 5 and 7 cm spacing and various lengths of 3, 2, and 
1 cm on the performance of hemispherical solar stills at a 
water depth of 3 cm. The results showed that the 2 cm in 
length and 7 cm spacing is the best configuration, as it 
improves distiller yield by 56.73%. Balachandran et al. [27] 
studied experimentally how to enhance the yield of solar 
stills with eggshells as a sensible heat storage material. The 
researchers concluded that eggshells (2.46 L/m2·d) had a 
better production rate than solar stills without eggshells 
(2.07 L/m2·d). Abdelgaied et al. [28] improved the tubular 
distillation yield by employing the copper circular hollow 
fins and storage materials below the basin. Sathyamurthy 
et al. [29] conducted an impact of finned absorbers on dis-
tiller production. Kateshia and Lakhera [30] utilized the 
pin fins hybridization with paraffin wax to improve the 
solar distillation yield. Bataineh and Abbas [31] utilized 
the fins hybridization with internal reflectors to enhance 
solar distillation production.

Mohamed et al. [32] studied the influences of fine nat-
ural stones on the yield of the solar distiller. They con-
ducted that the fine stone improved the yield by 33.37% 
compared to the reference unit. Kabeel et al. [33] empir-
ically examined the influences of the utilization of com-
posite storage materials (black gravel and paraffin wax) 
on the performance of solar distillers. They found that the 
yield improved by 37.55% by utilizing composite storage 
materials. Kabeel and El-Said [34] studied the behavior 
of a solar distiller incorporated with an HDH desalina-
tion unit. They concluded that the yield and GOR of this 
hybrid system reached 18.25 L/m2 and 2.57, respectively. 
Kabeel et al. [35] studied the performance of a hybrid 
SS-HDH desalination plant incorporated with a flash-
ing chamber. They conducted that the distillate cost for 
utilizing the hybrid system reduced from 9.74 to 8.6 $/
m3 compared to the separated systems. The HDH water 
desalination systems have also been integrated with des-
iccant air conditioners, aiming to recover thermal energy 
and use it to improve the performance of HDH desali-
nation units [36–40]. Kabeel and El-Said [41] presented a 
comprehensive review of the utilization of energy stor-
age systems to improve the productivity of solar distilla-
tion. Also, Abdelgaied et al. [42] theoretically conducted 
the behavior of the HDH desalination unit incorporated 
with a reverse osmosis desalination system powered by  
PVT panels.

The experimentation work in the present manuscript 
aims to improve hemispherical distiller yield by employing 
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contiguous extended cylindrical iron bars as energy stor-
age corrugated absorbers. After installing the contiguous 
extended cylindrical iron bars, the absorber surface is simi-
lar to the semi-circular corrugated surface, and the extended 
cylindrical iron bars represent sensible storage materials. 
To get the optimal diameter of contiguous extended cylin-
drical iron bars, those achieve the highest performance 
of hemispherical solar distillers. The three hemispherical 
distillers were designed, fabricated, and tested under the 
same El Oued, Algeria weather conditions, namely; the 
first is a conventional hemispherical distiller (CHD) that 
represent the reference case, and the second and third are 
hemispherical distillers that include contiguous extended 
cylindrical iron bars (HD-CECIB) at different diameters of 
(8, 10, 12, and 14 mm). The experiments were conducted 
in two scenarios; in the first scenario, contiguous extended 
cylindrical iron bars with diameters of 8 and 10 mm were 
installed in the second and third distillers (HD-CECIB8 and 
HD-CECIB10), respectively. In the second-test scenario, con-
tiguous extended cylindrical iron bars with diameters of 12 
and 14 mm were installed in the second and third distillers 
(HD-CECIB12 and HD-CECIB14), respectively. In the two 
experimentation test scenarios, the performance of second 
and third distillers with different diameters of the contigu-
ous extended cylindrical iron bars are compared with CHD 
under the same El Oued, Algeria weather conditions to get 
the optimal diameter of contiguous extended cylindrical iron 
bars that achieves a highest hemispherical solar distillers  
performance.

To illustrate the influences of employing contiguous 
extended cylindrical iron bars as energy storage corru-
gated absorbers on the performance of hemispherical dis-
tillers. This manuscript is organized as follows: the first 
section deals with the desalination problems and most pre-
vious studies, the second section deals with the description 
of the experimental setup, the third section deal with the 
results and discussions, and the fourth section deal with 
comparing the results of the current study with other pre-
vious studies, and the fifth section deals with economic 

evaluation, and the sixth section deals the most important  
conclusions.

2. Experimental set-up

2.1. Setup design and configuration

This experimental work aims to achieve the highest 
hemispherical solar distiller productivity. To achieve this, 
the contiguous extended cylindrical iron bars as energy 
storage corrugated absorber was installed in the basin of 
the hemispherical distiller. After installing the contiguous 
extended cylindrical iron bars, the absorber surface is simi-
lar to the semi-circular corrugated surface, and the extended 
cylindrical iron bars represent sensible storage materials. 
To get the optimal diameter of contiguous extended cylin-
drical iron bars, those achieve the highest hemispherical 
solar distillers performance. Three hemispherical solar dis-
tillers of identical dimensions are designed and built, and 
tested at the same El Oued, Algeria weather conditions, 
namely; the first is a conventional hemispherical distiller 
(CHD) that represent the reference case, and the second 
and third are hemispherical distillers that include contigu-
ous extended cylindrical iron bars (HD-CECIB) at different 
diameters of (8, 10, 12, and 14 mm). Fig. 1 shows a sche-
matic test rig for a conventional hemispheric solar distiller. 
The contiguous extended cylindrical iron bars are not pres-
ent in the first conventional hemispherical solar distiller. In 
contrast, the contiguous extended cylindrical iron bars of 
various diameters are present in the other two hemispheri-
cal distillers. A round basin, a glass cover, a distillate water 
tank, and a support framework make up the hemispheric  
distiller.

All the outer covers of the basins were built of wood, 
35 mm thick, with a diameter of 380 mm, 0.1 m2 effective 
areas, and a height of 40 mm on the sides. To improve the 
absorption of sunlight, the basins are coated with black 
silicon. The dimensions of each distiller cover unit are 
400 mm in diameter and 3 mm thick.

 
Fig. 1. View of the conventional hemispherical distiller.
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Fig. 2 shows the photograph of the cylindrical iron bars 
with varying diameters of (8, 10, 12, and 14 mm). The exper-
imental installations of the basin of hemispherical solar 
distillers with extended cylindrical iron bars are shown in 
Fig. 3. The contiguous extended cylindrical iron bars with 
varying diameters of (8, 10, 12, and 14 mm) were carefully 
positioned on the underside of the circular troughs of the 

hemispherical solar distillers and immersed beneath 2 liters 
of tap seawater. As shown, Fig. 3 shows the photographic 
view of the circular basin for the four different test cases of 
the hemispherical solar distiller with extended cylindrical 
iron bars, namely; hemispherical distiller with contiguous 
extended cylindrical iron bars 8 mm diameter (HD-CECIB8), 
hemispherical distiller with contiguous extended cylin-
drical iron bars 10 mm diameter (HD-CECIB10), hemi-
spherical distiller with contiguous extended cylindrical 
iron bars 12 mm diameter (HD-CECIB12), and hemi-
spherical distiller with contiguous extended cylindrical 
iron bars 14 mm diameter (HD-CECIB14).

The thermophysical properties of the iron employed in 
experimental work are presented in Table 1. All contiguous 
extended cylindrical iron bars are coated black to improve 
the intensity of the solar ray’s absorption. Fig. 4 shows 
the photographic view of three hemispherical distillers 
utilized in the present experimentations test work.

2.2. Instrumentations and uncertainties

The experimentations are conducted in two test scenar-
ios under the same El Oued, Algeria weather conditions to 
achieve the influences of contiguous extended cylindrical 

 
Fig. 2. A photograph of the cylindrical iron bars with varying 
diameters of (8, 10, 12, and 14 mm).

 
Fig. 3. A photograph of the basin configurations of the hemispherical distillers with contiguous extended cylindrical iron bars 
with varying diameters of (8, 10, 12, and 14 mm).
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iron bars on the performance of the hemispherical solar dis-
tiller. Similarly, the optimal diameter of contiguous extended 
cylindrical iron bars that achieves the highest hemispheri-
cal solar distillers performance is also assessed. In the first 
test scenario, contiguous extended cylindrical iron bars 
with 8 and 10 mm diameters were installed in second and 
third distillers (HD-CECIB8 and HD-CECIB10), respectively, 
and compared to CHD under the same El Oued, Algeria 
weather conditions. In the second-test scenario, contigu-
ous extended cylindrical iron bars with diameters of 12 
and 14 mm were installed in the second and third distillers 
(HD-CECIB12 and HD-CECIB14), respectively, and com-
pared to CHD under the same El Oued, Algeria weather 
conditions. In this study, the amount of saltwater within the 
basin of CHD, HD-CECIB8, HD-CECIB10, HD-CECIB12, 
and HD-CECIB14 was stable at 2 L for the test periods from 
7:00 a.m. to 7:00 p.m. Sunlight radiation, temperatures (basin 
saltwater, iron bars, cover tube, and ambient air), and col-
lected freshwater were recorded from 7:00 a.m. to 7:00 p.m. 
during September 2021. The experimental devices were used 
to measure both temperatures by thermocouples, incident 
sun rays by a solar power meter, and distillate water by a 
graduated vessel. Table 2 presents the range, accuracy, and 

uncertainty of measuring devices used in the present work. 
Based on the experimental devices’ uncertainty, range, and 
accuracy depicted in Table 2. The relative errors in the over-
all freshwater production and daily energetic efficiency are 
computed using the analysis described by Holman [43]. By 
assuming uc(y) is the total uncertainty of the index y, and 
y is an experimental value which is a function in individ-
ual measurements xi, y = f(x1, x2, x3, …, xn). The uncertainty 
in the measurement results was calculated by [43]:
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According to the measurement results and instrument 
uncertainty, the uncertainty of the overall freshwater pro-
duction, daily energetic efficiency, and daily exergetic effi-
ciency are 1.92%, 2.86%, and 2.38%, respectively.

3. System performance

The daily thermal efficiency of the distillers ηdaily,th, is 
a vital parameter to figure out the actual improvement 
in the hemispherical solar distiller performance from the 

 
Fig. 4. A photograph of the experimental set-up.

Table 1
Thermophysical properties of iron

Properties Value

Melting temperature, °C 2,082
Latent heat of fusion, kJ/kg 277.4
Thermal conductivity, W/m·K 37.65
Specific heat, kJ/kg·K 0.82
Density, kg/m3 7,650

Table 2
Accuracy and uncertainty values for measurement devices

Device Accuracy Range Uncertainty

Solarimeter ±10 W/m2 0–1,999 W/m2 5.78 W/m2

Thermocouples 
(K-type)

±0.1°C −100 – 500°C 0.08°C

Scaled vessel ±1 mL 0–500 mL 0.5 mL
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perspective of the total energy received by the distiller. It 
accounts for the entirety of the hourly yield mw∑ , latent heat 
of the vaporization hfg, daily solar intensity I t� �� , and basin 
surface area As, as described in the following equation;

�daily th
fg
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m h
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s 3 600
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The daily exergy efficiency ηdaily,exe calculated as 
follows [44]:
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The input exergy energy (Exinput) calculated as [44];
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where Ta is a temperature of ambient air (°C) and Tw is 
water temperature (°C).

The latent heat of the vaporization hfg is calculated as [38]:
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4. Results and discussions

The experimentations were carried out in the Physics 
Department of the Science Faculty at the University of El 
Oued in Algeria in September 2021. The data was taken 
for a period of 12 h, from 7:00 a.m. to 7:00 p.m.

The solar intensity and ambient temperature greatly 
influence solar distiller performance. As a result, solar 
ray’s intensity and ambient temperature during the exper-
imentations were monitored and recorded during the 
test days. Fig. 5 displays hourly fluctuation in solar rays 
and ambient temperatures during the trial hours. The 
solar ray’s intensity on the two test days is nearly identi-
cal, which increases until it reaches the maximum inten-
sity of 1,002 W/m2 at midday, then gradually decreases 
as time passes until it reaches its lowest point near sun-
set. The greatest recorded ambient temperature was also 
achieved around 3:00 p.m varying between 36°C–50°C 
and 35°C–50°C on 13-09-2021 and 14-09-2021, respectively. 
This means that all of the cases may be compared because 
they are all subjected to the same climatic condition, 
allowing for more precise comparison.

To get the optimal diameter of contiguous extended 
cylindrical iron bars that achieves the highest hemispheri-
cal distillers performance, the performance of hemispherical 
distillers with adjacent contiguous extended cylindrical iron 
bars with diameters of 8, 10, 12, and 14 mm (HD-CECIB8, 
HD-CECIB10, HD-CECIB12, and HD-CECIB14) is com-
pared to that of the conventional hemispherical distiller 
under the identical conditions (CHD).

Fig. 6 displays the hourly change in water basin tem-
perature for five distinct configurations of the hemispher-
ical solar distillers from 7:00 a.m.–7:00 p.m. The hourly 
temperature variation appears to increase as the diame-
ter of contiguous extended cylindrical iron bars increases. 
The maximum water basin temperature of the CHD, 
HD-CECIB8, HD-CECIB10, HD-CECIB12 and HD-CECIB14 
reaches 65°C, 69°C, 72°C, 75°C, and 78°C, respectively, 
at about 2:00 p.m. It is noted that during the period from 
7:00 a.m.–7:00 p.m., the use of contiguous extended cylindri-
cal iron bars is very effective, which causes to rises the basin 
water temperatures throughout compared to the CHD. The 
maximum improvement in basin water temperature was 
recorded when using contiguous extended cylindrical iron 
bars with a diameter of 14 mm (HD-CECIB14); therefore, 
this diameter represents the best diameter that achieves the 
highest hemispherical solar distillers performance. This is 
due to the increase in the surface area of absorption of solar 

 

Fig. 5. Hourly variations of solar rays and ambient temperature with daytime.
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radiation because the absorber surface after installing the 
contiguous extended cylindrical iron bars is characterized 
as similar to the semi-circular corrugated surface, improv-
ing the thermal properties of the absorber surface, in addi-
tion to the extended cylindrical iron bars as sensible storage  
materials.

The temperature differences between the trays of water 
and outside of the glass cover are a substantial indicator of 
the condensation rates of the water vapor generated inside 
the hemispherical distillers and then a substantial indi-
cator of distiller productivity. Fig. 7 depicts the tempera-
ture difference between the trays of water and the outside 
of the glass cover for CHD, HD-CECIB8, HD-CECIB10, 
HD-CECIB12, and HD-CECIB14. As shown, the maximum 
temperature difference between the tray water and outside 
reached 6°C, while the use of contiguous extended cylindri-
cal iron bars will cause a rise in the maximum temperature 
difference to 11°C, 14°C, 17°C, and 19°C for cylindrical iron 
bars diameters of 8, 10, 12, and 14 mm, respectively. This 
figure depicts that the maximum improvement in the tem-
perature difference between trays water and outside was 
recorded when using contiguous extended cylindrical iron 
bars with a diameter of 14 mm (HD-CECIB14), and therefore 

this diameter represents the best diameter that achieves 
the highest hemispherical solar distillers performance.

Contiguous extended cylindrical iron bar diameters 
influence the hourly productivity of hemispherical distill-
ers. Fig. 8 addresses the hourly change in distillate yield 
for the various configurations of hemispherical distill-
ers (CHD, HD-CECIB8, HD-CECIB10, HD-CECIB12, and 
HD-CECIB14) from 7:00 a.m. – 7:00 p.m. As presented, the 
hourly variance of the collected freshwater production of 
the hemispherical distiller increases with the increase in the 
diameter of cylindrical iron bars. As a result, the maximum 
hourly collected distillate water production of various con-
figurations of hemispherical distillers reaches 0.8, 1.1, 1.15, 
1.22, and 1.3 L/m2·h for CHD, HD-CECIB8, HD-CECIB10, 
HD-CECIB12, and HD-CECIB14, respectively. The results of 
hourly collected distillate water production indicated that 
the utilization of the contiguous extended cylindrical iron 
bars with a diameter of 14 mm (HD-CECIB14) represents 
the optimal diameter that achieves the highest accumulative 
distillate water production.

Fig. 9 depicts the influence of contiguous extended cylin-
drical iron bars diameters on the accumulative distillate pro-
ductivity of hemispherical solar distillers. As presented, the 

 

Fig. 6. Variations of the water basin temperature with daytime for different diameters of cylindrical iron bars.

 

Fig. 7. Hourly variation of the temperature difference with daytime for different diameters of cylindrical iron bars.
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accumulative distillate productivity increases with increas-
ing the diameter of contiguous extended cylindrical iron 
bars. As a result, the cumulative collected distillate water 
production of various configurations of hemispherical dis-
tillers reaches 4.8, 6.95, 7.4, 7.91, and 8.35 L/m2·d for CHD, 
HD-CECIB8, HD-CECIB10, HD-CECIB12, and HD-CECIB14, 
respectively. These findings indicated that utilization of the 
contiguous extended cylindrical iron bars represents the 
most effective choice to improve cumulative distillate water 
production. The cumulative distillate water production 
improvement rates for utilizing the contiguous extended 
cylindrical iron bars reach 44.8%, 54.2%, 64.8%, and 74% for 
HD-CECIB8, HD-CECIB10, HD-CECIB12, and HD-CECIB14, 
respectively compared to CHD (Fig. 10). These results indi-
cated that the utilization of the contiguous extended cylin-
drical iron bars with a diameter of 14 mm (HD-CECIB14) 
represents the optimal diameter that achieves the highest 
accumulative distillate water production.

Fig. 11 illustrates the influences of contiguous extended 
cylindrical iron bars diameters on the daily thermal effi-
ciency of hemispherical solar distillers. As presented, the 
daily thermal efficiency increases with increasing the con-
tiguous extended cylindrical iron bar diameters. The daily 

thermal efficiency of various configurations of hemispheri-
cal distillers reaches 40.8%, 58.9%, 62.6%, 66.8%, and 70.3% 
for CHD, HD-CECIB8, HD-CECIB10, HD-CECIB12, and 
HD-CECIB14, respectively. These findings indicated that 
utilization of the contiguous extended cylindrical iron bars 
represents the most effective choice to improve the perfor-
mance of hemispherical solar distillers. Also, as shown in 
Fig. 11, improvement rates in the daily thermal efficiency for 
using the contiguous extended cylindrical iron bars reach 
44.4%, 53.4%, 63.7%, and 72.3% at bars diameters of 8, 10, 12, 
and 14 mm (HD-CECIB8, HD-CECIB10, HD-CECIB12, and 
HD-CECIB14), respectively compared to CHD. These results 
indicated that the utilization of the contiguous extended 
cylindrical iron bars with a diameter of 14 mm (HD-CECIB14) 
represents the optimal diameter that achieves the highest 
hemispherical solar distillers performance.

Fig. 12 illustrates the influences of contiguous exten-
ded cylindrical iron bars diameters on the daily exergy 
efficiency of hemispherical solar distillers. The daily 
exergy efficiency of various configurations of hemispheri-
cal distillers reaches 1.67%, 3.23%, 3.78%, 4.58%, and 5.17% 
for CHD, HD-CECIB8, HD-CECIB10, HD-CECIB12, and 
HD-CECIB14, respectively. These results presented that the 

 

Fig. 8. Variation of the hourly collected distillate water production with daytime for different diameters of cylindrical iron bars.

 

Fig. 9. Cumulative collected distillate water production with daytime for different diameters of cylindrical iron bars.
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daily exergy efficiency increases with increasing the con-
tiguous extended cylindrical iron bar diameters. Also, the 
maximum improvement in exergy efficiency reached 209.6% 
for utilizing the contiguous extended cylindrical iron bars 
with a diameter of 14 mm (HD-CECIB14).

5. Comparison of the current study with similar 
published works

To clarify the significance of utilizing a proposed 
contiguous extended cylindrical iron bars in the present 

 
Fig. 12. Exergy efficiency of hemispherical distillers with different diameters of cylindrical iron bars.

 

Fig. 10. Improvement rates in cumulative production for various configurations of hemispherical distillers with cylindrical iron bars.

 

Fig. 11. Thermal efficiency of hemispherical distillers with different diameters of cylindrical iron bars.
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experimentations to ameliorate the performance of hemi-
spherical solar distillers. A comparison between the results 
of our experimentations for various configurations of hemi-
spherical solar distillers with contiguous extended cylindri-
cal iron bars and these of other relevant studies established 
in solar distillers has been demonstrated in Table 3. The 
obtained enhancements in the cumulative water production 
exhibited good performance for the hemispherical solar dis-
tillers with contiguous extended cylindrical iron bars with 
a diameter of 14 mm (HD-CECIB14) compared to those 
revealed by other previous works.

6. Economic evaluation

In this section, a comprehensive economic study was 
conducted to assess the economic feasibility of the devel-
oped modifications applied to the hemispherical solar 
distiller’s configurations, to calculate and compare the dis-
tillate water cost per liter ware produced from the various 
configurations of the hemispherical distillers suggested 
in this study. The economic feasibility study was com-
pleted based on the calculation method described by [4,13]. 
Table 4 demonstrates the results of the comprehensive 

economic analysis of the various configurations of the 
hemispherical distillers suggested in this study. The eco-
nomic findings revealed that the utilization of contiguous 
extended cylindrical iron bars reduced the freshwater cost 
per liter by 29.8%, 34.2%, 37.7%, and 41.2% for HD-CECIB8, 
HD-CECIB10, HD-CECIB12, and HD-CECIB14, respectively, 
compared to the reference distiller (CHD).

7. Conclusions

An experimental investigation was carried out in order 
to enhance the performance of a hemispherical solar dis-
tiller by using contiguous extended cylindrical iron bars 
as energy storage corrugated absorbers. After installing 
the contiguous extended cylindrical iron bars, the absorber 
surface is similar to the semi-circular corrugated surface, in 
addition to the extended cylindrical iron bars representing 
sensible storage materials. To get the optimal diameter of 
contiguous extended cylindrical iron bars that achieve the 
highest performance, three distillers were designed, fabri-
cated, and tested in the same El Oued, Algeria weather con-
ditions, namely; conventional hemispherical distiller (CHD), 
which represent a reference case, and second and third are 

Table 3
Accumulated yield enhancement of the present and previous works

Author(s) and reference Design of solar 
distillers

Absorbers used Productivity 
increase (%)

Rattanpol et al. [45] Single slope - Fins 20.00
Attia et al. [46] Single slope - Aluminum balls 37.19
Attia et al. [47] Hemispherical - Layer of phosphate pellets

- 10 g/L of phosphate pellets
- 20 g/L of phosphate pellets

37.40
33.70
47.90

Attia et al. [48] Hemispherical - Tray of iron
- Tray of zinc
- Tray of copper

14.60
31.25
53.12

Ouar et al. [49] Single slope - Bitumen-charcoal – black ink 18.32
Haddad et al. [50] Single slope - Wick 14.72
Elango and Murugavel [51] Double slope - Black coating 17.38
Present work Hemispherical - Contiguous cylindrical iron bars (8 mm diameter)

- Contiguous cylindrical iron bars (10 mm diameter)
- Contiguous cylindrical iron bars (12 mm diameter)
- Contiguous cylindrical iron bars (14 mm diameter)

44.8
54.2
64.8
74

Table 4
Fabrication cost of CHD, HD-CECIB8, HD-CECIB10, HD-CECIB12, and HD-CECIB14

CHD HD-CECIB8 HD-CECIB10 HD-CECIB12 HD-CECIB14

Total capital cost, ($) 67.78 68.53 68.68 68.83 68.98
Annual fixed cost, ($) 11.98 12.13 12.16 12.18 12.21
Annual operating and maintenance cost, ($) 3.59 3.64 3.65 3.66 3.67
Annual salvage, ($) 0.77 0.78 0.783 0.784 0.786
Annual total cost, ($) 14.8 14.99 15.03 15.06 15.1
Annual productivity, (L/m2·y) 1,296 1,877 1,998 2,136 2,255
Freshwater production cost per liter, ($/L) 0.0114 0.008 0.0075 0.0071 0.0067



A.E. Kabeel et al. / Desalination and Water Treatment 281 (2023) 26–3736

hemispherical distillers that include contiguous extended 
cylindrical iron bars (HD-CECIB) at different diameters 
of 8, 10, 12, and 14 mm. The following are the significant  
findings:

• The yield of a hemispherical distiller with contigu-
ous extended cylindrical iron bars reaches 6.95, 7.4, 
7.91, and 8.35 L/m2·d for HD-CECIB8, HD-CECIB10, 
HD-CECIB12, and HD-CECIB14, respectively, compared 
to 4.8 L/m2·d that achieved by reference distiller (CHD).

• The improvement in yield of the hemispherical distill-
ers for using contiguous extended cylindrical iron bars 
reached 44.8%, 54.2%, 64.8%, and 74% for HD-CECIB8, 
HD-CECIB10, HD-CECIB12, and HD-CECIB14, 
respectively compared to CHD.

• The improvement rates in daily thermal efficiency for 
utilizing contiguous extended cylindrical iron bars 
reach 44.4%, 53.4%, 63.7%, and 72.3% for HD-CECIB8, 
HD-CECIB10, HD-CECIB12, and HD-CECIB14, 
respectively compared to CHD.

• The economic findings revealed that the utilization of 
contiguous extended cylindrical iron bars reduced the 
freshwater cost per liter by 29.8%, 34.2%, 37.7%, and 
41.2% for HD-CECIB8, HD-CECIB10, HD-CECIB12, 
and HD-CECIB14, respectively, compared to reference 
distiller (CHD).

• The utilization of contiguous extended cylindrical iron 
bars with a diameter of 14 mm (HD-CECIB14) rep-
resents the optimal diameter that achieves the highest 
hemispherical solar distiller performance.

Finally, employing cylindrical iron bars as extended fins 
to boost distillation yield is an excellent, easy, and simple 
suggestion that should be used.

Abbreviations

PCM — Phase change materials
SS — Solar still
CHD — Conventional hemispherical distiller
HD-CECIB8 —  Hemispherical distiller with contig-

uous extended cylindrical iron bars 
8 mm diameter

HD-CECIB10 —  Hemispherical distiller with contig-
uous extended cylindrical iron bars 
10 mm diameter

HD-CECIB12 —  Hemispherical distiller with contig-
uous extended cylindrical iron bars 
12 mm diameter

HD-CECIB14 —  Hemispherical distiller with contig-
uous extended cylindrical iron bars 
14 mm diameter
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