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The application of fins as a solar heat absorber on solar still desalination has gained
attention to enhance productivity, efficiency and cut heat losses. Considering the
effectiveness of fin configuration, it is still the focus of development by many researchers.
To determine the optimum height configuration, this study conducted an experimental
analysis of hollow circular fin (HCF) height as variation during the day testing under the
Kentingan Sebelas Maret University climates. Moreover, the hollow circular fin is
constructed utilizing the SS302 material. The variation used is conventional CS4, which
incorporates the supplementary heights of 20 mm, 40 mm, and 60 mm for the hollow
circular fins. Overall, the study has identified a consistent decrease in efficiency as the
HCF increases, with efficiency gains of 40.96%, 35.39%, and 29.16%. However, different
circumstances yield favorable outcomes, exhibiting a notable improvement of 10.30% and
5.57% in enhanced efficiency for 20 mm and 40 HCF, respectively, compared to
conventional solar stills against the analysis that can evaluate the energy loss through the
partition and solar still wall. A correlation analysis was conducted using both experimental
productivity data and analysis prediction data to ensure that this experiment analysis
yielded excellent results compared to others.

1. INTRODUCTION

small and large-scale production, with an estimated

The Earth’s structure is predominantly composed of water,
which comprises approximately 97% of its volume.
Nevertheless, a high percentage of water cannot all be
consumed by humans because of saline water (94%) and polar
ice (2%), while only 1% is acceptable for human daily
consumption [1]. Both the rapid growth in the human
population and the advent of the Industrial Revolution have
significantly affected the need for freshwater consumption [2].
Interestingly, the development of seawater purification
technology drew the interest of researchers for further studies.
The purification process of seawater into freshwater is also
known as the seawater desalination process. Over the past six
decades, solar energy-based seawater desalination has
garnered significant interest from researchers. During World
War II in 1940, the military required the use of solar energy to
desalinate seawater [3, 4]. Solar still consists of active and
passive solar systems, which share the common principle of
evaporating seawater and subsequently condensing the vapor
to produce distilled water that is safe for consumption.
Furthermore, active solar still specifically pertains to the
salination process, which involves the periodic filling of a
chamber using pumps and other mechanical devices. On the
other hand, passive solar still refers to a salination system that
does not rely on a conventional filling system [5].

CS4 was a type of distillation that was suitable for both
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productivity of approximately 1.36 liters per day. This device
operates by evaporating water in a sealed chamber and
subsequently condensing the resulting vapor into freshwater
captured by a partition glass and accumulated in a container [6,
7]. CS4-based desalination has been claimed to purify
seawater with a high salt content of up to 104 ppm [8]. This
considerable purification process offered a significant
opportunity for the advancement of CS4 technology. However,
it was necessary to maintain the delicate equilibrium between
the extensive results and the overall energy input into the solar
still system, considering the heat loss. The right and bottom
side walls facilitate the transmission of heat dissipation during
CS4’s salination process [9]. Figure 1 depicts the percentage
distribution of the heat energy that enters the chamber of the
solar still.

Numerous investigations have been undertaken on the
shape of the fin configuration in various forms.
Rajaseenivasan et al. [10] conducted a study that examined the
comparison of productivity produced by a single slope with
variations in square and circular fins. The results showed that
the circular fin configuration demonstrated a better-distilled
water output. In addition, Jani et al.'s study employed a square
fin configuration with a circular fin on a double-slope solar
still with varying submerged depths of 10 mm, 20 mm, and 30
mm. Implementing circular fin height on the double-slope led
to a substantial rise in productivity, rising by 54.22%, 38.49%,
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and 43.86% at different depths below the surface [11].
Research on the various aspects of the fin configuration as an
absorber continues to be carried out, ranging from the number
of fins utilized in the chamber [12], fin orientation [13],
inclined fin [14], and shape of the fin configuration (e.g.,
rectangular [15], hollow circular [16], hollow cylindrical, and
square fin [17]). Table 1 provides a concise summary of the
utilization of fin absorbers in desalination systems.

Several studies have altered the sea water level within the
solar still chamber to identify the balanced mass capacity
needed to produce optimum solar still productivity [11, 18].
The results generally indicated that as the water level rises,
there is a corresponding drop in the productivity of the solar
still. This is because the greater water mass requires a larger
amount of energy to evaporate the seawater, resulting in a
steady decrease in the rate of condensation. In this
experimental analysis study, the water height and water mass
remained constant while the height of the hollow circular fin
(HCF) was varied. Prior studies have explored differences in
fin height using other types of fins, namely FLBS and tube iron

26,8%

37,3%

fins [19, 20]. Both experiments assessed the performance of
the fin in the solar still, but they did not determine how energy
was dissipated through the wall and glass partition. The
research lacked investigation of the variation in fin types,
namely the utilization of hollow circular fins in a single-slope
solar still. The second was employing statistical analysis to
compare predicted and experimental productivity data. This
was done to demonstrate that it is valid to compare the results
using a normal distribution, taking into account the variations
in solar radiation intensity received daily.

Based on the literature, three types of energy are reflected
from partition glass, seawater, and absorbers into the
environment through partition glass [21]. The limitation of this
study was that dissipated energy resulting from the interaction
between an unexposed seawater HCF and reflected energy
from seawater to the environment was only accounted for by
total energy losses through the partition glass (Qrglass). In
addition, the energy dissipated through the side and bottom
walls is represented by Qu+Qo.

35,9%

I Heat used for seawater evaporation
I Heat loss from partition glass
I Heat loss from bottom and side wall

Figure 1. The heat percentage distribution on solar still

Table 1. The related study on the use of fin absorbers in desalination systems

Ref. Topic Solar Still Results
Comparing the performance of — o 0 Lo _ _ .
[13] different quantities of horizontal flat Single sl_cilpe solar 18.5% and 7% of productivity |nc_reaised atn=15and n =10 fins,
fins sti respectively.
[12] Comparing the performance of vertical ~ Single-slope solar ~ 6.06% and 22.85% of productivity enhancementinn =176 and n =
hollow circular fins still 216, respectively.
Comparison of vertical and inclined fin . The vertical and inclined fin productivity increased by 18% and
[14] Tubular solar still - . :
absorbers 27.6%, respectively, compared to conventional solar stills.
[19] Comparison of iron fin spacing with Hemispherical The increase in fin quantity gradually increases efficiency and
additional variable height solar still productivity, but at some point, it decreases their performance.
Performance comparison of circular . . Both circular and square fins gained higher productivity with 26.3%
[10] - Active solar still .
and square fins and 36.7%, respectively.
Performance comparison of hollow Double-Slope Both hollow circular and square fins enhanced the efficiency by
[11] - P . op 45.53% and 23.90%, respectively, compared to conventional solar
circular and square fins Solar Still stills
[22] Performance comparison of finned and  Single-slope solar ~ Both finned and corrugated absorbers increase productivity by 21%

corrugated fins still

and 40%, respectively.

2. MATERIAL AND METHOD
2.1 Experimental Set-up

A conventional single-slope solar still (CS4) was utilized in
this study, as shown in Figure 2. We designed this model to
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construct the testing chambers, which were equipped with
stainless steel layers to serve as reflectors. The seawater within
the system absorbs heat from the high levels of radiation,
causing the temperature and moisture in the chamber to
progressively rise. As discussed theoretically, natural
convection occurs in the space between the inner glass and the



bottom chamber of the chamber. The elevated temperature of
the seawater and variations in pressure facilitate the movement
of the vapor into the upper chamber. When the surrounding air
contacts the outer glass, the saturated vapor is condensed. The
transition phase of water is enhanced by previous research, and
the phenomenon of condensed water is also examined in terms
of temperature disparities between the surrounding area and
the system [23]. The specifications of the solar still used are as
follows:

a) The partition glass is made of transparent glass measuring
5 mm in thickness and 71X95 mm in dimension, with a 25°
inclination. The system transmits solar radiation to both the
absorber plate and seawater while also collecting
condensation water.

b) The solar still was adorned with black-painted stainless-

steel reflectors. The chamber has the following dimensions:

a length of 955 mm, a width of 735 mm, a back height of
405 mm, a front height of 86 mm, and a plate thickness of
3 mm.

The solar still’s outer wall was constructed using plywood
measuring 1361 mm in length, 765 mm in width, 8.6 mm
in front height, and 405 mm in height at the back.

Partition Glass Sunlight

Radiation
% Ta

Droplets Condensation

Wall Gutter

Sea Water

Absorber Fin

Reflector

Figure 2. A schematic of the solar still used during the
testing process with the detailed part and attached
thermocouple censor

Figure 2 depicts the CS4 device, showing the fin positioned
within the chamber and the placement of temperature sensors
on the inner glass, outer glass, seawater, and fin. The used
temperature recording device could measure temperatures
ranging from -200°C to 200°C with an accuracy of 1°C. The
temperature measurement process employed thermocouple
sensors attached to various components of the CS4, as
illustrated in Figure 2. A solar power meter measured the
magnitude of solar radiation intensity throughout the testing
period. The measurement of radiation intensity was conducted
using a solar power meter of type SPM-1116SD, which has a
range of 0-2000 W/m? and an accuracy of £1 W/m?,

2.2 Hollow circular fin configuration

A fin refers to a simple component employed in solar stills
to enhance the surface area for heat absorption. Increasing the
fin surface area enhances the transfer of heat through
convection and increases the overall production, which is the
main objective of the use of fins [24]. The utilization of fins in
a conventional single basin solar still resulted in a gradual
decrease in the time needed to preheat the chamber and
evaporate the seawater. Both seawater and absorber
temperatures progressively increased in a linearly proportional
manner as the absorption area expanded. Given these
circumstances, it has the potential to increase the disparity in

Distilated Collector
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temperatures between the outer and inner glass, which is
considered the primary cause of condensation [25]. Our study
employed a hollow circular absorber fin made of SS304 series
stainless steel. The fin consisted of a total of 117 pieces with
three different heights, namely 20, 40, and 60 mm. The fin
material had a thickness of 4 mm and a fin spacing of 57.50
mm. Detailed information on the hollow circular fin is
depicted in Figure 3. Meanwhile, Table 2 presents detailed
information about the HCF fin.
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Figure 3. The detailed dimension HCF

Table 2. Properties of HCF

Parameter Value
Thermal Conductivity 16.3 W/mK
Density 79.000 g/cm?®
Tensile Strength 620 MPa
Specific Heat 0
Transmissivity 500 J/kg K

2.3 Testing procedure

This research was conducted on September 6, 11, 12, 13,
and 15, 2022. Four different condition chambers were utilized
and evaluated under the climatic conditions of Universitas
Sebelas Maret, located in Kentingan, Surakarta. The operating
hours were from 07.00 - 18.00 GMT+7. The conventional CS4
is referred to as Chamber 1, whereas CS4 with 20 mm HCF is
referred to as Chamber 2, CS4 with 40 mm HCF is referred to
as Chamber 3, and CS4 with 60 mm HCF is referred to as
Chamber 4. All chambers underwent simultaneous testing
until their productivity levels were nearly identical. The
temperature is measured using a K-type thermocouple, and the
sensors used for installation are shown in Figure 1. These
sensors include seawater temperature (Tyw), HCF (Ty), inner
glass (Tjg), outer glass (Tog), and ambient (T,). The data logger
automatically captures data from all the thermocouples it is
integrated into on an hourly basis. Figure 4 depicts the research
flow chart in detail.

The saturated water vapor condensed on the partition glass,
gathering in a gutter and entering the measuring cup. The
hourly measurement of freshwater production was conducted
until 18.00. A solar power meter demonstrated that solar
radiation acted as the primary energy source for desalination.
Similar to the other measured data, the radiation intensity data
was collected hourly until the conclusion of the testing day.
The last step involves scrutinizing the research data, with a
particular emphasis on:



The effect of incorporating height variation in the HCF
on the productivity and hourly rate of the solar still.

b) The effect of increasing the height of HCF on the energy
balance of the system.
¢) The internal distribution temperature of every solar still
chamber.
:’\' Start )
e 0
Literature review ‘
A
Design and
preparation process | N
of single slope solar I
still unit ) AN
Option. Decision)
- v 5 \\\ r',//
Installanon. and trial Vos
of measuring tools
- . -
Testing process
, ' , 7 - ' ) ' )
Conventional S4+ 20 mm fin S4+ 40 mm fin S4+ 60 mm fin
S4 height height height
‘ ]
'

Data collecting :

Sky Temperature, HCF temperature, Outer
glass temperature, Inner glass temperature,
Seawater temperature, Solar radiation
intensity, and Hourly & cummulative distiled
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v

Analysis
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Figure 4. Experiment flowchart
2.4 Uncertainty analysis

The errors that arise throughout the process of experimental
analysis encompass both bias errors (§b) and random errors
(6r). This study examines the concepts of propagation error

8N = V/6b? + 6r?, temperature error (0T), solar radiation
intensity error (01;), productivity error (M, ), and efficiency
error (d1n). The bias error of the study refers to the level of
accuracy of the measurement instrument, as represented by
Table 3. The equations provided below depict the errors
arising from this experimental analysis.

oT = /8T, + 6T, +...6T, (1)

0l = /81y + 8l iy +... 81y )
oM, = \/6M,yy + My +...06M,,, 3)
“)

(5)
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The variables dn, 9T, dhs,, 0I,, and dM,, represent the
overall error in efficiency, temperature, latent heat of
evaporation, productivity, and absorber area, respectively.
Afterward, the propagation error value for each measurement
data within a single day is calculated using 8Ty, 61;1, OM,,,
and 6hy 4. To strengthen the validity of the research findings,
the productivity of solar stills per day in each chamber was
assessed using the model equation derived from previous
research [26]. Where n represents the amount of data, Mpreq
represents the analytical productivity data, and My, represents
the experimental productivity data.

n _ 2
RMSE = Z (Mpred Mexp) (6)
i=1 n
Table 3. Device specifications
Name Uncertainty Range
Lutron Solar Power Meter +10 W/m?2 0-2000
Thermocouple Censor #0.1°C 0-650°C
Pyrex Measurement Glass H mL 1-1000 mL

2.5 General equation

The absorber fin included during the research was a method
to optimize the entering energy into the system [24, 27]. The
term “entering energy” denotes the level of radiation intensity,
which serves as the main factor contributing to increased
production. The presence of the additional fin in the basin had
a significant impact on temperature variations and the
occurrence of natural convection. The effectiveness of various
fin configurations was determined through additional
calculations involving the input and utilization of energy [11,
17, 28]. To measure energy efficiency, one can determine the
amount of energy that enters and is used by the system using
the following equation [23, 29].

Qin=tx I(t)x A (7
mg, X h m,, X C,(Tr — T;
Quse — swt fg w p>;( f L) (8)

Qin and Quse represent energy units measured in watts (W),
transmissivity is denoted by t, and solar radiation intensity is
represented by /(z) (W/m?), where A4 is the area of the glass
partition (m°), which serves as the entranced medium for
sunlight, and ms and mw refer to the mass of seawater in the
chamber and the mass of CS4 productivity, respectively.
Where 7y, represents the enthalpy gained, which is calculated
using the following equation:

hsg = 1000 x (2501.9 — 2.40706 T,,
+1.192217 X 1073 x T2
—1.5863 x 1075 x T.2)

©)

Tw denotes the seawater temperature within the basin
during the testing process, while ifg is measured in kl/kg.
Hence, the efficiency of the solar still may be determined using
the equation provided below.

me X hfg
YI(0), x A, X 3600

(10)

Npassive =



With m,, as the mass of distilled water in kg. The solar still
efficiency of the four chambers may be calculated. Figure 6
displays the data obtained from the measurement of solar
radiation intensity during the testing process. The data
intensities were averaged to calculate the entering energy into
the solar still. Thus, based on the premise, it may be inferred
that the solar's entering power remained constant. Figure 5
provides the entering and used energy in the solar still.

Chamber CS4 failed to fully absorb the energy received by
the system during this experiment on seawater evaporation.
The system released some energy into the surrounding
environment through the glass barrier Qr 4,455, and the walls
of the chamber. According to Sharshir et al., the energy
released by the partition glass can take the form of radiation

(Qr,giass) or convection (Qc,giqss) [23].
Qr,giass = Pr giass X (Tog —T,) (11)
Qc.giass = e,giass X (Tog — Ta) (12)
With 7T, as the measured temperature on the outside of the
glass, T, as the ambient temperature, and v as the wind speed.

The values of the convection heat transfer coefficient
(h¢,giass) andradiation (hg g1455) can be calculated as follows:

(T,g + 273)* — (Tsyy + 273)*
Tog —Ta

(13)

hR,glass = &40

hegiass = 2.8 + (3.0 X v) (14)
Ty =Ty — 6 (15)

Subsequently, the heat losses via the partition glass can be
represented as follows:

QT,glass = QR,glass + QC,glass (16)

The heat propagation through the wall of the solar still was
equal to the total of the heat propagation across the side and
bottom walls. The transmission of heat from the seawater to
the wall takes place through convective heat transfer Q,
followed by convective heat transfer from the wall to the
environment through conduction (Qy) [23].

Qw = hy(Tep —Ty) (17)

Qb hb (Tch - Ta) (1 8)

The temperature of the chamber wall was 7¢;, whereas the
temperature of the seawater was 7',. The relationship between
the convective coefficient h,,and the conductive coefficient
h;, can be used to describe the total bottom heat loss (Cp)
released into the surroundings. The experiment chamber
employs glass wall insulation to minimize heat transfer
through the wall, hence decreasing the insulation's heat loss
flow rate (Linsulation) and conductivity coefficient (Kinsuation)-

h, X h
bw = (19)
h,, + hy,
L; i 1
h. = insulation + -1 (20)
b Kinsulation hR,wall

hgwai = 5.6 + (3.8 X 1) Q1)

Then hg\,q, Was the radiation coefficient from the wall to
the surrounding environment. The total heat propagation
coefficient of the system (Cr) is the sum of the total transfer
coefficients from the side (Cyy) and bottom wall (Cjy) to the
surroundings, as follows:

A
Cow = 7 X Cpu (22)
ch
CT = wa + Csw (23)

The heat loss via the wall was calculated using the overall
basin area (Ach) and the side walls (Asw). In this study, the
sequential process of heat loss at the side wall involves
convection from seawater to the wall, followed by conduction
from the inner wall propagating through the insulation and
surroundings, and ultimately, convection radiation from the
outer surface of the chamber to the environment. The bottom
wall experienced heat loss due to the transfer of heat through
convection from the seawater to the wall, which was then
followed by conduction.

Qu+Q,

Figure 5. The schematic of system energy equilibrium

3. RESULT AND DISCUSSIONS

3.1 Relationship of radiation intensity with temperature in
the chamber

Solar energy becomes the primary energy source driving the
passive solar still. Due to these factors, the production of solar
stills was greatly influenced by the radiation intensity during
the testing period. In this study, the sun's motion appeared to
be from east to west. Hence, the researchers strategically
positioned the desalination device in the southern region to
shield it from direct exposure to sunshine during the testing
phase. The tests were conducted over five days, precisely on
September 6, 11, 12, 13, and 15, 2022. Figure 6 depicts the
level of solar intensity that was received during the testing
period. In general, the intensity of solar radiation fluctuated.
Wind speed and cloud conditions had a significant impact on
the fluctuating radiation intensity [22]. The decision to
compute the average of the accepted radiation intensity was
made to streamline the energy calculation for these
experiments. Moreover, the mean solar radiation intensity was
measured at 6.406 W/m?. Based on the R-square value of
0.875, the positive correlation is sufficiently significant,
indicating that the performance data recorded in each chamber
is comparable.



1200 T T T T T T T T T T
- 06/09/2022
v _® o 11/08/2022
o t A 20012022
1000 + E v * 130972022 I~
il e ’ - -+ 15/08/2022
=1 PR —i— Regression Line
§ /B - - Ryarars=0.875
= 800 - »’ y v
=, £ " -y
= ‘a " \
2 A .
D 500 " LI L
[=
= J/ -}
c L]
=] / -
® 40047 _ I
=
o ;
o ! A
200 v A A -
* 0
l N
A W g
0 i

T T T T T T T
O7T:00 08:00 09:00 10:00 11:00 1200 13:00 14:00 15
Time (hr)

00 16:00 17:00 18:00

Figure 6. The plotted radiation intensity during the day
testing

The system obtained its energy from solar radiation
originating from chambers with varying heights of HCF. The
incorporation of HCF led to distinct temperature plots for each
chamber. The temperature change trends (Tf, Tw, Tog, and Tig)
exhibited a direct relationship with the amount of energy
entering the system (Figure 6). Figure 7(a) illustrates a plot
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displaying the temperature of seawater in the chamber.
Furthermore, Figure 7(a) illustrates that Ty (pink line) in
chamber 2 (20 mm HCF) consistently maintained the highest
degree of dominance throughout the research day. The height
of the HCF fin is directly proportional to the initial seawater
level at the beginning of the experiment. This facilitates the
most efficient absorption and usage of incoming energy to
elevate the temperature of the seawater.

Figure 7(b) demonstrates that the average Tiz measured in
Chamber 2 consistently exhibits lower values in comparison
to the other chambers. The increased productivity of chamber
2 in this study, resulting in a greater amount of droplet film on
the inner glass and a largely low-temperature plot, can account
for these findings. According to prior research, the purpose of
implementing the fin absorber is to ensure that the temperature
decrease in the chamber remains consistent while the weather
conditions vary throughout the study [30]. According to Figure
7(d), the fin temperature graphs for 60 mm and 40 mm HCF
were greater than those for 20 mm HCF between 11.00. and
16.00. However, at 18.00, the temperature graphs of both
chambers were lower than 20 mm HCEF, indicating that
chamber 2 has a higher likelihood of producing compared to
the other chambers. The experimental data indicates that
certain areas measuring 40 and 60 mm HCF, not exposed to
saltwater, cause a temperature decrease. This allows the heat
to rapidly dissipate between 07.00 and 12.00 through
convection, transferring it to the glass partition and then
dissipating into the environment.
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Figure 7. The relationship between the plotted temperature and radiation intensity in each testing chamber
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Figure 8. The relationship between the plotted (A(Tw-Tog)) and hourly productivity

3.2 Relationship of temperature differences with
hourly productivity

Solar stills experienced substantial energy losses
throughout the testing process. This supports the claim that the
salination process still wastes more than 60% of the solar
energy it receives [31]. To optimize the amount of energy
absorbed, a variable absorber fin was added to enhance
stability and regulate internal temperature. This adjustment
aims to produce the most efficient evaporation process and
minimize heat loss [32]. Maveda et al. stated that the
productivity of salinated water was influenced by both the
temperature of the seawater in the chamber and the
temperature outside the glass partition [24]. This physical
phenomenon was intricately linked to the process of
condensation. Moreover, the vapor within the testing chamber
would undergo condensation on the glass partition as a result
of the temperature disparity between the inside and outside of
the chamber [33]. When evaluating using Figure 8, it was seen
that the highest productivity of 267 mL in Chamber 2 occurred
at a temperature difference (A(Tw-Tog)) of 16.64°C, which
was the most significant difference in temperature in Figure 8.
This condition is in line with previous studies [25]. The
research sequence, illustrated in Figures 8(c), 8(d), and 8(a),
establishes a correlation between the temperature difference
and the hourly productivity of each chamber.
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The assumption was made that fins of varying heights have
comparable capacity to absorb the entering heat, based on the
average radiation intensity. Prior studies have indicated that
the fin configuration influences convective heat transfer,
which is closely related to the available internal temperature
[23]. The internal temperature has a substantial impact on the
production of solar stills. At midday, the fin temperature
reached its highest point. The internal temperature influenced
the productivity of the solar still. At midday, the temperature
of the HCF reached its highest point. A direct proportionality
exists between HCF temperature and hourly distillate
production. A correlation between Trand hourly production
was illustrated in Figure 9, which was used for comparison.
Despite Chamber 2 having a higher productivity value
compared to Chambers 3 and 4, the reported T falls in between
the two. This phenomenon occurred because Chamber 2,
which contains a 20 mm HCF, has a height that is directly
proportionate to the water level, leading to a relatively low
temperature. However, at 16.00. Ty, the temperature of the 20
mm HCF chamber was higher than that of the previously
superior 60 mm chambers. As a result of the significant
amount of water exposure on the 20 mm HCF surface, the T
lowers more consistently at 16.00. in comparison to the other
chambers. Between the hours of 16.00. and 18.00., the 20 mm
HCF chamber had a higher hourly production rate of 83 mL
compared to 77 mL and 44 mL in the 40 mm and 60 mm HCF



chambers, respectively. The zone where heat is released in this
HCF is commonly referred to as the discharge zone. The
decrease in Tr at 60 mm HCEF is a result of the tremendous
convective heat transfer process from the unexposed fin
surface area from seawater to the inside air.

3.3 CS4 productivity

The study used the productivity of distilled water as a
crucial measure to evaluate the effectiveness of increasing the
fin height. Furthermore, Figure 10 illustrates the five-day
evaluation of distilled production. The data indicated that the
maximum productivity of each chamber reached its highest
point at different times. Chamber 1 reached its peak on the
second day with a volume of 1075 mL, while Chamber 2
reached its peak on the fifth day with a volume of 2115 mL.
The maximum output achieved by Chamber 3 was 1490 mL
on day 5, while Chamber 4 produced a total of 1055 on the
third day. The daily acquisition process was affected by
diverse fluctuations in radiation intensity that entered the
system. Regarding the height of the fin, as mentioned in Figure
10, there are additional significant parameters that have an
impact. According to Shadi et al. [34] the production of solar

still is mostly influenced by the maximum absorption of
radiation intensity by the absorber fin.

350 i — T T T T T T T T 75
- Conventional CS4
@ CS4+20 mm HCF
A CS4+40 mm HCF
300 |- # CS4+60 mm HCF
—_ @~ Tf 20 mm HCF
- o TF40 mm HCF 60
1S - Tf 60 mm HCF
>.250
=
=
k3] 45
S 200 - _ e [0~
3 - o i 9
T 50 P : F
_ g o
2 X —& ® 30
3 ¥ s &\ A E]
I 100 4 8
> ]
> / L
=4 - 15
50 u 4
/S
o \,
0 T T T T T T T T T 0
07:00 08:00 09:00 10:00 11:00 12:00 13:00 14:00 15:00 16:00 17:00 18:00
Time (hr)

Figure 9. The relationship between the plotted T and the
hourly productivity of each testing chamber
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Figure 10. Total daily productivity of each testing chamber
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Figure 11 displays the average daily productivity results for
each chamber. The highest accumulated production was
gained by Chamber 2 with 1466 mL. The cumulative
productivity of seawater decreases as the height of the fin
increases. The production decreased from Chamber 2, which
had a volume of 1466 mL, to Chamber 3, which had a volume
of 1208 mL, and then from Chamber 3 to Chamber 4, which
had a volume of 913 mL. On the contrary, a clear trendline
became apparent between Chamber 1 and Chamber 2. The
cumulated production increased from 986 mL to 1466 mL.
This increased production aligns with previous research as a
result of the implementation of fins and the consequent
improvement in convective heat absorption [11, 15, 35]. The
data indicated a specific increase in productivity of 48.68%
when comparing a conventional CS4 with a 20 mm in height.
Based on the test results, the production of distilled water
showed a progressive decline as the fin height increased,
which is in line with the result of Qiu et al.'s research [36].
However, this is in contrast with El-Sebaii et al., who asserted
that there was an increase in freshwater production as the fin
height increased [21]. The systems did not fully absorb the
entered energy; the top surface fin experienced a higher
temperature, but it was not in direct contact with seawater.

Moreover, the presence of taller fins distracted the
convective heat transfer within the chamber. The absorbed
energies were not efficiently dissipating by evaporation,
resulting in reduced productivity in Chamber 3 and 4
compared to Chamber 2 productions gained. Even Chamber 4
productivity was lower than conventional Chamber 1.
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Figure 11. Total productivity in each testing chamber during
the day of the experiments
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The productivity data collected during the day experiment
was analyzed using least squares regression and RMSE Eq. (6).
The key component considered was the height of the HCF,
whereas the confounding variable was the solar intensity,
which varied each day. Figure 12 shows an evenly distributed
comparison between the experimental and predicted data, with
a margin of error of around + 30%. The proximity between the
residual plot and the regression line in Figure 13 demonstrates
the adherence of the residuals from the regression analysis on
the experimental and predicted data to a normal distribution.
This suggests that the results of the experiment are statistically
similar. Previous studies, similar to this distribution analysis,
carried out statistical analyses of the same distribution [12, 26].
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Figure 14. The graph of average Qin and Quse

Figure 14 depicts the calculation of input energy and energy
consumption for each CS4 chamber. The energy entering the
system was calculated using Eq. (7), yielding an average total
of 3243.65 W. The desalination system did not adequately
capture and utilize the energy that is supplied to the chamber
responsible for evaporating seawater. The Quse values
employed for the evaporation process in Chambers 1-4 are as
follows: 994.77 W, 1328.91 W, 1148.15 W, and 946.11 W, as
stated in Equation 8. Consequently, each chamber attained
efficiencies of 30.66%, 40.96%, 35.39%, and 29.16%
accordingly, as shown in Figure 15. Chamber 2, which has a



20 mm implementation, has the highest level of efficiency.
The fundamental configuration involves the mass of water,
which ensures a consistent water level in the basin. The height
of the CS4+20 mm HCF is approximately proportional to the
height of the water in the chamber. The proportional height
between the fin and the water is suitable because all surfaces
of the 20 mm HCF make contact with seawater. Therefore, the
transmission of heat from the fin to the saltwater may be more
effective in terms of absorbed energy. Distinct trendlines are
observed in Chamber 3 (40 mm HCF) and Chamber 4 (60 mm
HCF), where some of the HCF area is not in direct contact with
water. As a result, the exposed fin area in the chamber
experienced a loss of energy, dissipating through the internal
air to partition glass and releasing it to the surroundings. This
statement refers to a prior study that found that energy loss
happens between the seawater and internal air, which then
spreads through convection to the glass partition before being
released into the environment through conduction and
radiation [37].

This study evaluated the amount of energy loss to the
environment through the partition glass and CS4 wall by
utilizing Egs. (16), (17), and (18). The energy dissipated by
radiation and convection through the partition glass accounts
for 55.52% (Chamber 1), 48.89% (Chamber 2), 39.85%
(Chamber 3), and 42.38% (Chamber 4) of the total average
energy entering the system. The energy released by conduction

and convention processes through the side and bottom walls of
the chamber accounts for 13.80%, 10.03%, 24.75%, and
28.44% of the total incoming energy, respectively, for
chambers 1 to 4. Table 4 presents a comparative analysis
between this research and previous studies.
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Figure 15. The resulting efficiency in each solar still
chamber

Table 4. Comparative analysis of the current study and previous study

Ref. Type of Solar Still Variation Concluding
Henslgﬁlz(e)rllcla lnfzolar Iron evlindrical fin 10. 20 Using fin height modifications, productivity increases in the 70 mm fin
spacing configuration by 39.21%, 56.37%, and 52.45% for 10 mm, 20 mm,
[19] absorbér area) y 30 mm) * i fi ion by 39.21%, 56.37%, and 52.45% for 10 20
Operates on: April and 20 mm iron fins, respectively.
Single-Slope Solar

Still
(1 m? absorber area)
Operates on: August
Single-Slope Solar

10, 20, 30, and 40 mm
FLBS Fin

Experimental analysis

As the fin height increases, there is a continuous and noticeable
improvement in productivity and efficiency. The 40 mm fin has the highest
level of production, which also experiences a 13.7 % increase.

Still
(0.735 m? absorber
area)
Operates on: June

Present
Study

with heights of 0, 20, 40,
and 60 mm hollow
circular fin

Efficiency decreases by 40.96%, 35.39%, and 29.16% as fin height

increases. As the HCF surface becomes more exposed, it absorbs more heat,

which convection then releases and expels through the partition glass.

4. CONCLUSION

The experimental examination of the utilization of various
heights of circular fins in single-slope solar still desalination
was satisfactorily completed. The discussion section provides
a detailed elucidation of the operational performance of each
solar still. This research yields the following conclusions:

a) Increased fin height results in decreased productivity and
efficiency in solar stills. The efficiency percentages and
total production volumes for 20 mm, 40 mm, and 60 mm
HCF were 40.96% (1466 mL), 35.39% (1208 mL), and
29.16% (913 mL), respectively.

b) The implementation of a 20 mm HCF increased
productivity and efficiency from conventional solar stills
to CS4 by 486 mL and 10.30%, respectively.

c¢) The solar still partition glass emits energy to the

environment at rates of 55.52%, 48.89%, 39.85%, and
42.38% for conventional 20 mm, 40 mm, and 60 mm
HCEF systems.

d) The energy loss through the bottom and side walls
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accounted for 13.80%, 10.03%, 24.75%, and 28.44% of
the energy entering the system from standard CS4, 20
mm HCF, 40 mm HCF, and 60 mm HCF, respectively.

e) The experimental data exhibits a significant correlation
and distribution, with a projected distribution range of =
30% and residual data distributed normally.
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