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This present study conducted an experimental analysis of the use of hollow circular fins 
(HCF) within the conventional single-slope solar still (CS4) chamber. To enhance energy 
absorption, the optimal HCF numbers were increased by the available chamber space. 
The three identical CS4 testing chambers were examined in the climatic conditions of the 
Sebelas Maret University Faculty of Engineering, located in Kentingan, Surakarta, 
Indonesia. The HCF absorber is implemented with 176 HCF, 176 HCF, and 216 HCF within 
the chamber space. The findings indicate that there is a direct correlation between the 
increased HCF numbers and both productivity and efficiency. The efficiency for 117 HCF, 
176 HCF, and 216 HCF is 27.04%, 35.20%, and 42.16% respectively. Therefore, it was 
determined that correlation analysis significantly contributed to the relationship between 
the HCF implementation and the different radiation intensities in day-to-day testing. To 
obtain a more comprehensive analysis, the randomized complete block design (RCBD) 
experiment in collaboration using least squares regression was conducted to compare the 
experimental production of CS4 with its predicted value. 
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1. Introduction 
 

The earth consists of 75% water, but the majority of it is saltwater, which is not suitable for human 
consumption and fulfills the needs of human life [1]. The United Nations Organization predicts that 
clean water shortages, especially in coastal areas, will affect as many as 1800 million people by 2025 
[2]. Therefore, purifying seawater with desalination devices can effectively fulfill the demand for 
clean water [3]. Desalination is the common term for the process of purifying saltwater into clean 
water for consumption [4]. Additionally, it is used to treat a variety of water types, including 
seawater, brackish, and river water. Naturally, seawater desalination accounts for approximately 
67%, brackish water for 19%, river water for 8%, and wastewater for 6% of the total application of 
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desalination systems worldwide. The dominant countries that use the desalination process to 
produce clean drinking water are Saudi Arabia, Kuwait, the UAE, Qatar, Oman, and Bahrain [5]. 

A single-slope solar still (CS4) is a type of solar still that operates as an indirect passive system for 
purifying seawater into freshwater [3]. Generally, this type of solar still is an eco-friendly technology 
that relies on solar energy as its primary source [5,6]. The process of evaporating seawater involves 
the movement of saturated vapor within the chamber space through natural convection (Figure 1). 
This vapor then condenses into film droplets on partition glass on a particular slope. Recently, CS4 
has emerged as a simple desalination technology that is user-friendly and has low construction 
expenses [7,8]. For instance, Elsheikh et al., [8] conducted a study on the operational use of bilayered 
structures in solar stills. They estimated the construction expenses to be 0.15 dollars per liter of fresh 
water; however, the study found that CS4 desalination devices are generally more economically 
efficient for ensuring a sustainable future [8]. In the last decade, there has been extensive 
investigation into different aspects of desalination research and development. These include utilizing 
absorber plates to enhance heat absorption, employing phase change materials for latent heat 
storage, utilizing nanoparticles to improve thermal performance, and integrating phase change 
material with fin absorbers [9-17]. 
 

 
Fig. 1. Single slope solar still desalination 

 
Several scholars have examined research on the use of absorber fins in desalination systems. El-

Sebaii et al., [18] employed several effects of fin absorber configurations. According to this study, 
productivity declines from 5,377 kg/m² to 4,802 kg/m² as the number of fins increases. This is because 
the additional fins cast shadows on adjacent fin areas, limiting the probability of heat absorption [18]. 
Furthermore, Elgendi et al., [19] conducted a study utilizing variations of the Distributed Heat Sink 
(DHS) 49-block heat sink and the Group Heat Sink (GHS). The results for DHS and GHS exhibit a 24%-
30% increase compared to the conventional single-slope type [19]. The article solely discusses the 
distribution of energy received by GHS, which was found to be more efficient compared to DHS. 
Nevertheless, it lacks to offer a comprehensive explanation of the physical phenomenon about the 
intensity of solar radiation the device absorbs and the energy losses it encounters [19]. Moreover, 
Miramoto et al., [20] conducted research on the same concept, but with a greater number of 
horizontally-oriented fins. Three other types of experiments, specifically flat absorbers, flat 10 fins, 
and flat 15 fins, yielded daily water outputs of 1,185 L/day, 1,264 L/day, and 1,404 L/day, respectively 
[20]. The main objective of implementing the fin absorber in the CS4 desalination system is to assess 
the production efficacy, efficiency, and the amount of energy absorbed by the system. Fayaz et al., 
[21] added that the utilization of a metallic titanium plate absorber could provide an appropriate 
surface temperature for the development of thermal operating solar stills. In regard to the various 
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applications of fin absorbers, Table 1 provides a comprehensive summary of the differences between 
solar stills and those with fin absorbers. 
 

Table 1 
The related earlier study that utilized an absorber fin on desalination 
Ref. Case Variations Solar Still Type Result 

Abdelgaied et al., 
[22] 

Comparing the 
productivity of hollow 
circular and hollow square 
fins 

Thickness of 
hollow circular 
and hollow 
square fins 

Tubular solar 
still 

Productivity: 6.11 liters 
(hollow circular fin) and 
5.52 liters (hollow square 
fin) 

Wang et al., [23] Comparing the 
performance of vertical 
and horizontal fin 
directions 

Vertical and 
horizontal fins 

Tubular 
receiver 

The vertical fin has better 
heat transmission 
capabilities compared to 
the horizontal fin 

Jani and Modi 
[24] 

Comparing the 
performance between the 
circular and square fins 

Hollow circular 
and square fins 

Pyramid solar 
still 

Circular fin productivity 
was 54.22% higher than 
square fin 

Alaian et al., [25] Comparing the 
productivity between the 
conventional solar still and 
pin fin 

Circular pin fin Single-slope 
solar still 

Improved efficiency by 
23% compared to 
conventional 

Appadurai and 
Velmurugan [26] 

Comparing productivity 
between conventional and 
pin-type solar ponds  

Fin-type solar 
pond 

Single-slope 
solar still  

50% productive increase 
over conventional solar 
still 

Velmurugan et 
al., [27] 

Comparing the 
productivity between the 
conventional and 
rectangular pin 

Solid rectangular 
fins 

Single-slope 
solar still 

Increased productivity by 
75% more than 
conventional solar still 

 
Extensive research has been conducted on the utilization of absorber heat in solar desalination 

systems, incorporating various modifications to the fins’ shape. The literature employed different 
types of fins, including pin fins, circular fins, rectangular fins, hollow circular fins, and others 
[25,26,28-30]. Furthermore, several studies have investigated the utilization of fins in different solar 
still designs, including the Pin Fin type with FLBS solar still, a flat horizontal fin on single slope solar 
still, and a heat sink type fin on pyramid solar still [18-20]. Despite the variation in the number of fins 
in those articles, the information provided showed a large fin gap that might cause inefficiency in 
consuming the entered energy even though the fin was already in use. In addition, the analysis solely 
takes into account the fluctuation of solar radiation intensity as an element of uncertainty factor and 
does not incorporate a component for quantification effect on solar still production. Therefore, the 
conclusion of the research undermines the suitability of the results for concluding the broader study 
since the effective contribution between the main variation and nuisance (different radiation 
intensity day-to-day testing) is still unquantified. Hence, this experimental study aimed to enhance 
the efficiency of CS4 by incorporating an absorber fin and evaluating the effective contribution 
parameter of various radiations in day-to-day testing. The study was also conducted with a distinct 
fin type compared to earlier studies while considering the amount of HCF under the chamber space's 
maximum capacity. The first limitation of this study was that it did not account for the sudden shift 
in weather from sunny to cloudy because it's running fast. The heat loss calculation through 
conduction from saltwater to the wall and insulation was estimated using a linear equation, Qb + Qw. 
In the meantime, the final heat propagation of water to the internal air and then to the water glass 
was calculated and estimated by the QT,go-a. 
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2. Heat Loss Analysis 
 

The energy obtained by the solar still is not completely absorbed for seawater evaporation. Figure 
2 illustrates the boundary and energy distribution of the testing chamber, taking into account the 
heat loss. 
 
2.1 Heat Loss of the Glass Outer Surface 
 

The partition glass can lose heat to the surroundings through convection and radiation. Eq. (1) 
represents radiation heat loss on the glass surface. 
 
𝑄𝑅,𝑔𝑜−𝑎 = ℎ𝑅,𝑔𝑜−𝑎  ×  (𝑇𝑔𝑜 − 𝑇𝑎)           (1) 

 
The radiation coefficient (ℎ𝑅,𝑔𝑜−𝑎) can be described as follows 
 

ℎ𝑅,𝑔𝑜−𝑎 = 𝜀𝑔𝜎 [
(𝑇𝑔𝑜+273)4−(𝑇𝑆𝑘𝑦+273)4

𝑇𝑔𝑜−𝑇𝑎
]          (2) 

 
The temperature of the sky can be defined as follows 
 
𝑇𝑆𝑘𝑦 = 𝑇𝑎 − 6              (3) 

 
The convection heat loss that occurs on the partition glass is linked with the surroundings as 

component of the reflected energy within the system. The equation representing convection heat 
losses is as follows 
 
𝑄𝑐,𝑔𝑜−𝑎 = ℎ𝑐,𝑔𝑜(𝑇𝑔𝑜 − 𝑇𝑎)            (4) 

 
Meanwhile, the convection heat transfer coefficient is determined using the equation given below 
 
ℎ𝑐,𝑔𝑜−𝑎 = 2.8 + (3.0 × 𝑣)            (5) 

 
Therefore, the total heat loss of partition glass can be represented as follows 
 
𝑄𝑇,𝑔𝑜−𝑎 =  𝑄𝑐,𝑔𝑜−𝑎 + 𝑄𝑅,𝑔𝑜−𝑎           (6) 

 

 
Fig. 2. Research boundary condition 
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2.2 Wall-side Heat Loss 
 

The energy loss is additionally accounted for through the side and bottom walls of the solar still. 
The heat dissipated can be analyzed as heat transfer processes involving convection (Eq. (7)) and 
conduction (Eq. (8)) [31]. Where the value of the heat transfer coefficient hb can be written as a 
function in Eq. (9). 
 
𝑄𝑤 =  ℎ𝑤(𝑇𝑐ℎ − 𝑇𝑤)             (7) 
 
𝑄𝑏 =  ℎ𝑏(𝑇𝑐ℎ − 𝑇𝑎)             (8) 
 

ℎ𝑏 = [
𝐿𝑖𝑛𝑠𝑢𝑙𝑎𝑡𝑖𝑜𝑛

𝐾𝑖𝑛𝑠𝑢𝑙𝑎𝑡𝑖𝑜𝑛
+

1

ℎ𝑅,𝑏−𝑎
] −1            (9) 

 
ℎ𝑅,𝑏−𝑎 = 5.6 + (3.8 × 𝑣)                      (10) 

 
Thereby, Eq. (11) represents the coefficient of heat loss at the bottom of the wall. Meanwhile, 

the heat loss coefficient on the side wall is given by Eq. (12). Hence, the overall heat loss transfer 
coefficient for the side and bottom walls can be determined by employing Eq. (13). 
 

𝑈𝑏 =
ℎ𝑤×ℎ𝑏

ℎ𝑤+ℎ𝑏
                        (11) 

 

𝑈𝑠𝑤 =  
𝐴𝑠𝑠

𝐴𝑏
 × 𝑈𝑏                       (12) 

 
𝑈𝑏𝑠 = 𝑈𝑏 + 𝑈𝑠𝑠                       (13) 
 
2.3 Efficiency 
 

The final effectiveness of desalination is determined by the solar efficiency, which is represented 
by Eq. (15). Efficiency, particularly in the context of desalination, was defined as the quotient of the 
total latent heat and productivity divided by the entering radiation intensity [12,31]. 
 

𝜂𝑝𝑎𝑠𝑠𝑖𝑣𝑒 =
∑𝑚𝑒𝑤 × ℎ𝑓𝑔

∑𝐼(𝑡)𝑠 𝑥 𝐴𝑠 × 3600
                      (14) 

 
When the input energy Qin, 𝜏 represented transmissivity, I(t) symbolized radiation intensity, and 

A denoted the cover area. Eq. (14) provides the input energy for S4. In addition, S4 utilized the 
energies to vaporize the seawater described in Eq. (15), where Mew represents the mass of water 
condensation (Kg), Mch was the seawater mass within the chamber (Kg) and hfg was the enthalpy 
(kJ/kg) [20]. 
 
𝑄𝑖𝑛 =  𝜏 ×  𝐼(𝑡) ×  𝐴                       (15) 
 

𝑄𝑢𝑠𝑒 =
𝑀𝑒𝑤×ℎ𝑓𝑔

𝑡
+

𝑀𝑐ℎ×𝐶𝑝 ×∆𝑇

𝑡
                     (16) 

 
ℎ𝑓𝑔 = 1000 × (2501.9 − 2.40706 𝑇𝑤 + 1.192217 × 10−3 ×  𝑇𝑤

2 − 1.5863 × 10−5 × 𝑇𝑤
3)            (17) 
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3. Material and Method 
3.1 Basin and Fin Configurations 
 

The solar still had the following dimensions: a length of 1030 mm, a width of 765 mm, a front 
height of 8.6 mm, a back height of 402 mm, and a glass tilt of 25° (Figure 3). The single-slope passive 
solar still was positioned on a table at a height of 770 mm. The wall of S4 was constructed using 
plywood material with hardwood, heat resistance, and anti-curvature [32]. Additionally, the inner 
wall of the S4 chamber was coated with a stainless-steel substance absorber. This material was 
specifically designed to optimize the absorption of heat obtained from solar radiation. Furthermore, 
as an addition to the experiment, hollow circular fins with quantities of 117, 176, and 216 were 
employed as supplementary absorbers. The additional hollow circular fins used for research purposes 
had dimensions of 12.5 mm in diameter and 40 mm in height. 
 

 
Fig. 3. Set-up CS4 testing chamber 

 
3.2 Data Capturing 
 

The data was collected using three S4 basins that had been previously calibrated or tested. The 
process was carried out once all three achieved identical levels of distilled water productivity. This 
research flowchart is illustrated in Figure 4. The investigation was carried out in Kentingan, Surakarta, 
throughout the summer climate for five consecutive days from July 27th to July 31st, 2022, from 7 
a.m. to 6 p.m. (GMT +7). Thermocouples were utilized to measure the temperature, and they were 
connected to the data logger. The installation involves measuring the temperatures of various 
components, including the seawater temperature inside the basin (Tw), the temperature of the 
hollow circular fins (Tf), the temperature of the inner glass (Tgi), and the temperature of the outer 
glass (Tgo). Figure 2 depicts all temperature measurement devices in their respective locations. The 
BTM-4208SD Data Logger documented the process of collecting temperature data, which included 
measurements of Tw, Tig, Tf, and Tog. The data recording was set automatically at hourly intervals. 
Moreover, the intensity of the solar radiation data had a substantial impact on the efficiency of the 
S4 desalination process [24]. The radiation intensity received by the S4 basin was measured using an 
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SPM-1116SD solar power meter. The desalinated water that condenses on the inner surface of the 
glass is collected through the gutter and sent into the measuring cup. Subsequently, the productivity 
data, which includes the fluctuating total radiation received, is utilized for correlation analysis. This 
analysis calculates the predicted data analysis and measures the significant contribution factor 
between the HCF implementation and solar intensity fluctuations. 
 

 
Fig. 4. Flowchart experiment 

 
3.3 Uncertainty Analysis 
 

The experiments utilized measurement instruments that incorporated both uncertainty and 
measurement ranges, as indicated in Table 2. An error analysis can quantify errors in temperature 
(𝜕𝑇), radiation intensity (𝜕𝐼𝑡), productivity (𝜕𝑀𝑒𝑤), latent heat (𝜕ℎ𝑓𝑔), and solar still efficiency (𝜕𝜂). 

This estimation is derived from the propagation error formulation, which takes into account both 
random error (𝜕𝑅) and bias error (𝜕𝑅) as described in Eq. (18). The biased error in this study is 
determined by the accuracy of the measurement devices, whereas the random error is influenced by 
the fluctuations of the data obtained from the measuring devices. A similar error analysis model was 
also presented in a correlated study by Nagaraju et al., [33]. Here are several equations that represent 
the consideration of error. 
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Table 2 
Uncertainty and device specification 
Measurement Devices Accuracy Range 

Measurement Glass ±1 mL 0-2000 mL 
Solar Power Meter ± 10 W/m2 0-2000 W/m2 
K- type Thermocouple ± 0.1°C 0-650°C 

 

𝜕𝑋 = √𝜕𝑅2 + 𝜕𝐵2                       (18) 
 

∆𝑇 = √(𝜕𝑇1)2 
+ (𝜕𝑇2)2  

+ (𝜕𝑇3)2 + (𝜕𝑇4)2  
+ (𝜕𝑇5)2 

… . . . +(𝜕𝑇𝑛)2  
                (19) 

 

∆𝑀𝑒𝑤 = √(𝜕𝑀𝑒𝑤1)2 
+ (𝜕𝑀𝑒𝑤2)2  

+ (𝜕𝑀𝑒𝑤3)2  
+ (𝜕𝑀𝑒𝑤4)2  

+ (𝜕𝑀𝑒𝑤5)2 
. . + (𝜕𝑀𝑒𝑤𝑛)2  

         (20) 
 

∆𝐼𝑡 = √(𝜕𝐼𝑡1)2 
+ (𝜕𝐼𝑡2)2 

+ (𝜕𝐼𝑡3)2 
+ (𝜕𝐼𝑡4)2 

+ (𝜕𝐼𝑡5)2 
… . . . +(𝜕𝐼𝑡𝑛)2 

                (21) 
 

∆ℎ𝑓𝑔 = √(
𝜕ℎ𝑓𝑔

𝜕𝑇𝑤
× ∆𝑇𝑤)

2

                      (22) 

 

𝜕ƞ = √(
𝜕ƞ

𝜕𝑀𝑒𝑤
× ∆𝑀𝑒𝑤)

2

+ (
𝜕ƞ

𝜕ℎ𝑓𝑔
× ∆ℎ𝑓𝑔)

2

+ (
𝜕ƞ

𝜕𝐼𝑡
× ∆𝐼𝑡)

2

+ (
𝜕ƞ

𝜕𝐴
× ∆𝐴)

2

                (23) 

 
The 6% estimated error is derived from the equation provided for this experimental analysis. The 

HCF fin implementation serves as the independent variable, whereas the performance of the CS4 
chamber functions as the dependent variable. Fluctuations in the daily received radiation were a 
component that needed to be taken into account, as the productivity outcomes observed on the 
experimental days were influenced by different levels of incoming radiation. Therefore, the 
Randomized Block Complete Design (RCBD) study analysis grouping model is employed to categorize 
the level of solar radiation as a nuisance or Block factor. Consequently, a correlation analysis was 
performed to examine the relationship between the variable of HCF amount and solar intensity, and 
the dependent variable of CS4 productivity. In addition, the RCBD model allows the estimation of the 
correlation between the main factor (HCF) and the nuisance factor by comparing the experimental 
data with the study of CS4 production data using the Root Mean Square Error (RMSE). 
 

𝑅𝑀𝑆𝐸 = √∑ ((𝑀𝑒𝑤)𝑒𝑥𝑝−(𝑀𝑒𝑤)𝑝𝑟𝑒𝑑𝑖𝑐)
2𝑛

1

𝑛
                     (24) 

 
𝑌 = 𝐵𝑋1 + 𝐵𝑋2 + 𝐶 ± 𝑅𝑀𝑆𝐸                     (25) 
 
𝑆𝐸(𝐻𝐶𝐹) = 𝛽𝐻𝐶𝐹 × 𝑟𝑐𝑜𝑟 × 100%                     (26) 
 
𝑆𝐸(𝑟𝑎𝑑) = 𝛽𝑟𝑎𝑑 × 𝑟𝑐𝑜𝑟 × 100%                     (27) 
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4. Result and Discussion 
 

This study primarily examined the solar radiation received by each testing chamber and explored 
the relationship between radiation intensity, hourly productivity, temperature, energy analysis, and 
correlation analysis. 
 
4.1 Solar Radiation Intensity 
 

The solar desalination process depended mainly on solar radiation intensity as it transformed into 
heat evaporation. The energy that passed through the partition glass was used for the process of 
seawater evaporation and was partially absorbed by HCF as sensible heat. Figure 5 depicts the 
increase in solar radiation intensity per hour over five days of testing. The total solar radiation 
entering the solar still system on each day, in consecutive order, was accumulated in 5885 W/m2, 
5794 W/m2, 4882 W/m2, 5761 W/m2, and 5819 W/m2. In consideration of the fluctuation in incoming 
solar radiation intensity, a single trendline was derived from the average solar radiation intensity 
received by the chamber (represented by the red lines) for the incoming energy analysis. Thus, the 
average accumulated solar radiation obtained was 5628 W/m2. This is in line with the literature that 
solar intensity was a significant factor affecting the productivity and temperature efficiency of solar 
still performance [29]. Additionally, other literature suggests that wind speed and glass transmissivity 
were experimental productivity factors that might be disregarded [34,35]. Moreover, another piece 
of literature discussed the wind speed effect [36]. The experimental measurement of solar intensity 
yielded a Rsquare value of 0.915, as determined by the lease squares correlation. This indicates that 
the data distribution of the radiation intensity received during the experiment is highly correlated 
and can be utilized to compare input energy calculations. 
 

 
Fig. 5. The received radiation intensity during the daytime 
experiment 

 
4.2 Relation Between Radiation Intensity, Temperature, and Hourly Productivity 
 

Figure 6, Figure 7, and Figure 8 show the correlation between the average hourly production, the 
plotted internal temperature, and the received radiation intensity in each testing chamber with 
varying HCF numbers. According to that data, the average hourly production showed a direct 
relationship with both the radiation intensity and the internal temperature. The daily correlation of 
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received radiation, as measured by the Rsquare coefficient, remains consistently high at 0.915. This 
correlation was further improved by utilizing the RCBD model in this experiment, which assumes that 
the amount of energy entering remains constant throughout the day. Nevertheless, every testing 
chamber retains a distinct temperature. As an illustration, the highest recorded temperatures (Tf) for 
the HCF were 66.24°C, 69.44°C, and 71.30°C, respectively, at 117 HCF, 176 HCF, and 216 HCF. The 
HCF effect was observed on the final recorded seawater temperatures, specifically 37.48°C, 38.62°C, 
and 40.08°C. According to the research, the climate was found to be variable and unpredictable, as 
seen in both cloudy and sunny conditions. Sachan et al., [37] explained that the implementation of 
this fin absorber offers advantages in mitigating the significant temperature drops that occur during 
unexpected changes in circumstances. Based on the preceding discussion, this result also shows that 
when the highest level of HCF is used, it can keep the temperature of the chamber space stable [37]. 

Jahanpanah et al., [12] revealed that the desalination device's production rate is optimally 
achieved when there is a significant temperature difference in the basin. This experimental analysis 
showed a clear correlation between the research findings and Figure 6, Figure 7, and Figure 8. It was 
seen that there was a significant increase in average hourly productivity. Specifically, Figure 8 
demonstrated that a temperature difference of 17.32°C resulted in the production of 94 mL. 
 

 
Fig. 6. The relationship between radiation intensity, 
temperature, and average hourly productivity at CS4 with 117 
HCF 
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Fig. 7. The relationship between radiation intensity, 
temperature, and average hourly productivity at CS4 with 176 
HCF 

 

 
Fig. 8. The relationship between radiation intensity, temperature, 
and average hourly productivity at CS4 with 216 HCF 

 
4.3 Efficiency 
 

The study focuses on using the chamber's equilibrium efficiency and total productivity as the 
primary indicators to assess the effectiveness of the additional fin work. Figure 9(a) and Figure 9(b) 
illustrate the efficiency and total production of each variant during the performance testing. Eq. (14) 
determines the solar still’s efficiency in this experimental analysis. According to Figure 9(b), the 
chamber with 216 fins had the highest total production of 1456 mL. This was followed by the 
chambers with 176 and 117 fins, which produced 1153 mL and 800 mL, respectively. The observed 
increase in productivity suggests that the 216 HCF may have stored the greatest amount of sensible 
heat from radiation intensity. This relationship is linear and is influenced by the size of the absorption 
surface [31,37]. This aligns with previous research that corroborated the observed trendline 
phenomenon in this study [38]. Meanwhile, the contrast between the present experimental analysis 
and the previous study is displayed in Table 3. 
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(a) (b) 

Fig. 9. The total (a) efficiency and (b) productivity of CS4 

 
Table 3 
Research comparisons 
No. Ref. El-Sebaii et al., 

[18] 
Elgendi et al., [19] Mirmanto et al., [20] Present Study 

1 The type of 
solar still 

FLBS Solar Still Pyramid Solar Still Single Slope  Single Slope 

2 Fin Type Pin Fin Heat Sink Horizontal flat fin Hollow Circular Fin 
3 Month 

Operation 
July - August January - March June June 

4 Chamber 
Area 

1 m2 (absorber 
area)  

Not given 1 m × 0.8 m × 0.571 
m 

1.03 m × 0.76 m × 
0.402 m 

5 Production 5.065 kg/m2 (n = 
7) and 4.802 
kg/m2 (n = 14) 

3.434 kg/m2 
(conventional), 3.302 
kg/m2 (49 Blocks), and 
3263 kg/m2 (1 Block) 

1.185 kg/m2 (n = 15), 
1.264 kg/m2 (n = 10) 

1.456 kg/m2 (n = 
216), 1.153 kg/m2 (n 
= 176), dan 0.8 kg/m2 
(n = 117) 

6 Efficiency  47.05% (n = 7) 
and 50.49% (n = 
14) 

31% (conventional), 34% 
(49 Blocks), and 33% (1 
Block) 

Between 24-33% 42.15% (n = 216), 
35.20% (n = 176), and 
27.04% (n = 117). 

 
4.4 Energy Analysis 
 

Figure 10 displays the productivity of each testing chamber in relation to the charging and 
discharging zones. The charging zone is the area where the HCF absorbs the inputted energy, while 
the discharging zone is where the absorbed heat is released to sustain the evaporation of seawater. 
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(a) (b) 

 
(c) 

Fig. 10. Total daily productivity with the charging and discharging zone 

 
From 7 a.m. to 8 a.m. (GMT +7), the incoming heat was utilized to increase the temperature of 

the seawater. However, only a portion of the heat was absorbed by the HCF, and it was insufficient 
to initiate the evaporation process. After 8 a.m., the heat that was required to evaporate and 
condense the film droplet into the internal chamber was introduced. At an energy level of zero (6 
p.m.), each testing chamber carried out its desalination process. This resulted in productivity of 20 
mL, 45 mL, and 55 mL for the chambers with 117 HCF, 176 HCF, and 216 HCF, respectively. The 
incorporation of HCF released 32.59 J, 55.77 J, and 67.45 J. 

The amount of solar energy that is transferred into the internal chamber is greatly influenced by 
the transmissivity of the partition glass. This phenomenon is attributed to droplet film condensation, 
the thickness of the glass, and the type of material used [35,39]. Moreover, radiation is theoretically 
reflected in three distinct sections, including the partition glass, the seawater in the chamber, and 
the absorber plate [40]. However, this study employed a simple test that measured the discrepancy 
in radiation intensity reception error between the outside and inside sensors of the system. 
Consequently, the introduction of radiation was deemed to have a 2.2% margin of error due to the 
impact of tiny droplets. Subsequently, the quantity of Qin was calculated using Eq. (15). 
Simultaneously, Quse denoted the total energy consumed by S4, which was calculated using Eq. (16). 
According to Figure 11, the energy absorbed during the experiment remained quite low. However, 
efficient utilization of basin space was achieved by maximizing the number of hollow circular 
configurations. The HCF adequately absorbs the entered radiation intensity, thereby preventing a 
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considerable decrease in internal temperature during cloudy conditions. Between 3 p.m. and 4 p.m., 
there was an abnormal trendline observed in each testing chamber, accompanied by an increase in 
HCF. An abnormality can be characterized by the occurrence of a drop in temperature during a certain 
natural phenomenon. However, this drop is mitigated by the continuous release of energy from HCF, 
allowing for an increase in Quse at 4 p.m. As a result, the chamber is currently undergoing the 
desalination process using a combination of energy from the limited radiation intensity and absorbed 
energy from HCF in the discharge zone. The dissipated energy from the system to the environment 
through the partition glass (𝑄𝑇,𝑔𝑜−1) can be evaluated in terms of radiation using Eq. (1) and 

convention using Eq. (4). The total magnitudes and percentages were 1291.77 W (42.49%), 1174.50 
W (38.65%), and 1505.43 W (49.52%) at 117 HCF, 176 HCF, and 216 HCF, respectively. Meanwhile, 
the total magnitudes and percentages of energy wasted through the top and bottom walls 𝑄𝑏 + 𝑄𝑤 
were 925.55 W (30.45%), 749.99 W (26.15%), and 252.47 W (8.30%) at 117 HCF, 176 HCF, and 216 
HCF. It was discovered that reducing the gap between the fins in order to increase the evaporation 
area of the chamber can effectively reduce the amount of energy lost through the glass partition and 
the walls at the bottom of the chamber. 
 

 
Fig. 11. The graph of Qin and Quse from each testing chamber 

 
4.5 Correlation Analysis 
 

The RCBD model, as proposed by Montgomery [41], was used to analyze the link between the 
effect of HCF usage and the influence of nuisance radiation intensity. The RCBD model refers to the 
single-factor analysis performed by the HCF implementation effect in this experiment. However, 
there were consequences of different amounts of day-to-day solar intensity that could not be 
disregarded; hence, it was employed as a nuisance factor or Block. The independent variables (main 
factor) in this study are 117, 176, and 216 HCF, while the different total radiation received by the 
testing chamber CS4 on the day of the experiment is represented as Block, which consists of Block 1 
(5885 W/m2), Block 2 (5794 W/m2), Block 3 (4882 W/m2), Block 4 (5761 W/m2), and Block 5 (5819 
W/m2) (Table 4). The statistical significance and correlation between the variables were tested using 



Journal of Advanced Research in Fluid Mechanics and Thermal Sciences 

Volume 117, Issue 2 (2024) 172-191 

186 
 

ANOVA and linear least squares regression, respectively. It was inferred from the statistics that the 
significance threshold (α) equals 5%. 
 

Table 4 
The grouping of productivity data using the RCBD model 
Variation 
Number HCF 

Block 

1  
(mL) 

2  
(mL) 

3  
(mL) 

4  
(mL) 

5  
(mL) 

117 HCF 675 750 715 965 895 
176 HCF 1050 1100 1100 1295 1220 
2116 HCF 1230 1350 1320 1630 1640 

 
Decision: 
H0 = Sigcount >α (The amount of HCF didn’t have a significant effect on solar still productivity)  
H1 = Sigcount <α (The amount of HCF have a significant effect on solar still productivity) 
 

The ANOVA statistical test in Table 5 presents the results that identify the parameters with the 
greatest influence on CS4 productivity. The experimental results unequivocally demonstrate that the 
productivity of CS4 exhibits a linear rise when HCF is introduced into the chamber. Additionally, as 
variations in the intensity of solar radiation received also play a significant role as a determining 
factor. Therefore, according to Table 5, the significance value (0.016×10-5) for HCF was considerably 
smaller than α, indicating a strong relationship. Similarly, the significance value (22.824×10-5) for 
radiation intensity likewise yielded the same conclusion. The HCF variation was found to be 
significantly smaller than α in comparison to the radiation intensity. This suggests that HCF variation 
plays a substantial role in enhancing the productivity of the CS4 chamber. Table 6 displays the results 
of the least squares linear regression test (Eq. (28)). The test was conducted to derive the equation 
for an optimum productivity prediction model of CS4, taking into account the influence of HCF 
numbers and radiation intensity as nuisance factors. Eq. (28) was derived from Eq. (25) to forecast 
the productivity of solar still. The accuracy of the model was evaluated using the RMSE of ±272.97. 
The study's Rsquare value was 0.970, showing a strong and statistically significant correlation between 
the independent and dependent variables. An outside factor, calculated to be 0.045, was found, 
presumably indicating a factor that is not influenced by the unpredictable changes in weather 
conditions between sunny and cloudy. By utilizing Eq. (26) and Eq. (27), the effective contribution of 
HCF and radiation intensity factor to CS4 productivity can be estimated at 80.10% and 13.91%, 
respectively. 
 

Table 5 
The Anova testing result 
Dependent Variable: Productivity 

Source Sum Square Error df Mean Square F Sig. 

Corrected Model 19119615 6 19119615 340.646 5.071×10-5 
Variations (Number 
HCF) 

1009210 2 504605 197.015 0.016×10-5 

Radiation (Block) 224510 4 56127.500 21.914 22.824×10-5 
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Table 6 
The linear least squares regression method 
Model Unstandardized Coefficient Standardized 

Coefficient (𝛽) 
Correlation 
Coefficient (rcor) 

Rsquare 

B Std. error 

(Constant) 266.000 68.998   0.970 
Radiation (X1) 76.333 14.387 0.373 0.373 

Variation HCF (X2) 317.000 24.919 0.895 0.895 

 
𝑌 = 76.333𝑋1 + 317𝑋2 + 266 ± 272.97                    (28) 
 

The productivity of CS4 can be graphically represented using the Eq. (28) model and subsequently 
compared to the empirical estimates of productivity. Meanwhile, Figure 12 shows the graph 
illustrating the experimental productivity in comparison to the analytically predicted production. The 
gap plotted between experiments and predictions occurs due to the error factor of experimental data 
collection and the limitations of measuring instruments. 
 

  
(a) (b) 

  
(c) (d) 
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(e) 

Fig. 12. The comparison of experimental and analytic production on (a) Day 1, (b) Day 2, (c) Day 
3, (d) Day 4, and (e) Day 5 

 
5. Conclusions 

The experimental investigation of the additional hollow circular fins within the CS4 chamber has 
been successfully completed. The analysis section has explored the impact of the growing number of 
HCF on several factors such as productivity, internal temperature, energy analysis, and correlation 
analysis. Based on the experiments, numerous conclusions can be drawn, including 

i. The CS4 productivity reached its peak at 1456 mL when the maximum number of fins in basin 
was added to basin room 216. In contrast, the productivity was 1153 mL and 800 mL at 117 
HCF and 176 HCF, respectively. Therefore, the additional absorbers exhibited a direct 
relationship with the solar still’s production. 

ii. The radiation intensity factor was an important factor to be considered. This study found 
that radiation intensity accounted for a 13.91% contribution to the effect on solar still 
production. 

iii. The efficiency of chamber CS4 was 27.04%, 35.20%, and 42.16% for 117 HCF, 176 HCF, and 
216 HCF, respectively. 

iv. The rate at which CS4 condensed on the partition glass was affected by the temperature 
difference between the outside temperature chamber and the inside glass. In particular, the 
chamber with an additional 216 HCF had a temperature difference of 17.32°C (at midday) 
and an average hourly condensation rate of 94 mL/hour. 

v. The energy losses through the partition glass to the surroundings were 42.49%, 38.64%, and 
49.52% at 117 HCF, 176 HCF, and 216 HCF, respectively. 

vi. The energy losses through the side and bottom walls amounted to 30.45%, 26.15%, and 
8.30%. 
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