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An experimental study of the performance of a finned
tube solar collector on a single slope solar still
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Abstract

Water that can be consumed is necessary for life to exist. One of the biggest issues that humanity faces globally is
access to drinking water, particularly in rural and dry areas. Solar distillation is now the most effective nonconventional
and environmentally benign way to filter brackish or marine waters. This experimental work seeks to increase the yield
of traditional single-slope solar stills using finned tube solar collectors. Experimental results carried out under the cli-
matic conditions of Najaf, Iraq (32° 1 38.55” N/44° 19’ 59.22' 'E) showed that the maximum basin water temperature of
finned tubes solar collector [modify solar still (MSS)] is 64.1 °C and for conventional solar still (CSS) is 45.8 °C at 14:00
p-m. This behavior is the same for the other temperatures (vapor, inner glass surface, and outer glass surface). Also, the
water and inner glass surfaces” temperature difference (Ty-Tg ;) is 3.9 °C for MSS and 1.8 °C for CSS. The daily pro-
ductivity of MSS is 4.766 I/m* day, with an enhancement of 65.12% as compared with that of CSS. The exergy efficiency
increases with time to reach its maximum value of 32.53% at 15:00 p.m. for the MSS and 13.78% at 14:00 p.m. for the CSS.
With respect to cost analysis, employing a finned tube collector alongside CSS affords the lowest cost per liter of
distillate. Specifically, the cost is equivalent to 0.04 USD.
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1. Introduction potential owing to its commendable attributes,
namely the absence of carbon emissions, ecological
compatibility, inexhaustible replenishment, and
widespread availability.*

Due to its cost-effectiveness, ease of production,
availability of raw materials, and user-friendly na-
ture, conventional solar still (CSS) is the most prev-
alent variety. The scholars focused on enhancing the
fundamental procedures that are imperative to the
functioning of this system owing to its low yield,
exemplified by the condensation procedure™® or
improving the evaporation process””” or both.”"’

According to Sharshir et al.'' thermal characteris-
tics in untreated water are enhanced by incorpo-
rating nanoparticles, specifically copper oxide
microflakes and graphite. The analysis of the results
indicates that the utilization of copper oxide nano-
particles resulted in a notable 44.9% amplification in
output, while the implementation of graphite

The global community is currently facing a notable
challenge regarding the accessibility of drinkable
water, especially in distant and arid regions. In
addition to sustenance and energy, the consumption
of drinkable water is an imperative necessity for
preserving life on our planet. Despite the fact that a
substantial quantity of water is accessible, it is pri-
marily brackish and unsuitable for utilization in
farming, domestic applications, or industrial pro-
cedures.”> Approximately 97% of the surface water
on Earth appears as saline water in the seas and
oceans. The minuscule residual fraction encom-
passes freshwater origins, including streams, reser-
voirs, and arctic reservoirs ensconced within glacial
and polar ice formations.’ In light of the prevailing
circumstances, the utilization of solar energy in
isolation for water distillation appears to hold great
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microflakes led to an even more significant produc-
tivity surge of 53.9%. Jaafar et al.'” studied the
improvement of the evaporation process for a single
slope solar still (SSSS) by using a solar collecting
tank to heat the water before entering the SSSS. It
was found through conducting experiments that the
improvement in yield was achieved by 48.83% by
using this method. Zahraa Abdul Kareem et al."”
investigate the use of custom-designed evacuated
copper pipes with different diameters and water
filling ratios to enhance the evaporation and thermal
performance of a SSSS. Increasing the absorption of
the solar still basin plate or enhancing the heat
transfer with raw water can increase the production
rates of pure water. Experimental investigations
show that using evacuated pipes with a 15 mm
diameter and a 50% filling ratio significantly im-
proves the evaporation and thermal performance of
the solar still, leading to a 90.09% increase in pure
water productivity. The results suggest that the use
of evacuated pipes can significantly impact the pro-
ductivity of solar stills, and increasing the diameter
of the pipes further enhances the performance.
Hawraa et al.'* study focuses on the numerical
simulation of a heat exchanger within a single solar
still containing PTC. The optimal design for the
singular solar distillation apparatus was determined
through a simulation conducted using the COMSOL
5.5 software. The simulation encompassed a heat
exchanger design comprising a coiled and an evap-
orator (pipes mounted on the plate) type. One of the
intended outcomes is to enhance productivity. Uti-
lizing a heat exchanger located within a second type
of solar still apparatus results in elevated tempera-
tures from the coiled heat exchanger. Compared to
the first type of heat exchanger, employment of the
second type produces a greater yield of distilled
water, attaining a rate of 5.35017 kg/ m?h over diurnal
periods. Hameed'” and Ghani et al.'® presented a
numerical analysis to examine the augmentation of
the productivity of a single-slope, single-basin solar
still through the creation of a novel absorbent base
design aimed at increasing the evaporation surface
area. The absorbent base design utilizes stainless
steel geometries of varying shapes and sizes to
accentuate their impact on solar still productivity.
Findings indicate that using stainless steel geome-
tries leads to an increase in evaporation rate and a
consequent improvement in still productivity. The
CSS productivity rate was calculated to be 2.987 kg/
m?, with maximum temperatures of still water and
the inner surface of the glass cover measuring 63.6
and 54.2 °C, respectively. The highest freshwater
productivity was achieved through the utilization of
cones, with a resultant produced water rate of

4.13 kg/m? and an enhancement ratio of 38.2%. In
this instance, the maximum temperatures of still
water and the inner surface of the glass cover were
recorded at 72.9 and 61.9 °C, respectively. Hameed'”
studied experimentally the evaluation of a SSSS with
a square cross-section hollow fin attached to an
absorber plate. The aim of the study is to find a more
cost-effective solution for producing fresh water
from salty water by using solar energy. The study
also estimates the potential of cooling the glass
cover. The results show that the solar's productivity
was still enhanced by 40% by integrating it with fins
and by 13.3—36.7% by integrating it with glass
cooling by spraying at different rates. The combi-
nation of both mechanisms resulted in a further
enhancement of 61.3% in contrast to that of a con-
ventional SSSS. Abdullah et al.'” experimentally
investigated the performance of a modified solar still
(MSS) and a CSS. The MSS had a copper water
heating coil, internal reflector, external reflectors,
nano-phase change material (PCM-Ag), and an
external condenser. Five experiments were per-
formed in the same climate to compare the perfor-
mance of MSS and CSS. The use of the MSS-R,
MSS-R-EC, MSS-R-PCM, and MSS (heating coil)
resulted in a rise in productivity/thermal efficiency
of 76/45.4, 134/54.1, 191/62, and 175%/60.2%,
respectively. Integrating external reflectors (top and
bottom) increased the productivity of MSS with in-
ternal reflectors by about 42%. Furthermore, using
an external condenser improved MSS-R production
by ~57% compared to the situation without one.
Finally, the utilization of PCM boosted MSS-R pro-
ductivity by ~41% over the case without PCM.
Ramzy et al.'® performed a study to improve the
performance and productivity of solar stills by
developing two stills with different natural and
artificial absorbing materials, including black luffa,
luffa, fine steel wool, and steel wool pads. The results
showed that the selection of the absorbing material
significantly impacted solar still productivity, with
steel wool pads achieving the highest yield of 4.384 1/
m?. Furthermore, steel wool pads also exhibited the
highest thermal efficiency at 32.74%.

In this paper, an experimental investigation on a
finned tube solar collector incorporated with a SSSS
was carried out. This work was adopted as a result
of the severe lack, according to our limited vision, of
the performance of the SSSS integrated with the
finned collector in the atmosphere of Iraq. The re-
sults were compared CSS to determine the extent of
improvement this system would show when com-
bined with a CSS. The experiments were conducted
under the climatic conditions of Najaf, Iraq, from
February 5—25, 2023 (32° 1 38.55" N/44° 19' 59.22' 'E).
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1.1. Experimental work

The current study has constructed two indistin-
guishable prototypes of a SSSS. One is employed as
a CSS for comparison, whereas the second proto-
type has been enhanced with a solar collector
comprising finned tubes to increase the evaporation
process within the still. This prototype is referred to
as the MSS, as illustrated in Fig. 1.

The construction of CSS and MSS bodies has been
carried out by employing two rectangular boxes
made of polystyrene material. It is worth noting that
polystyrene material exhibits a thermal conductivity
of 0.03 W/m.K," which qualifies it as a highly
effective insulator. Consequently, insulating the
sides and bottom of the stills is unnecessary. To
ensure precision, a CNC machine has been utilized
to cut the upper portion of the two boxes at an angle
of 32° relative to the horizon, resulting in refined
surfaces and edges. Each of the two stills possesses
an area of 0.04 m? with the front and back sides
having heights of 9 and 40 cm, respectively. The
thickness of the sides of the employed boxes mea-
sures 4.5 cm.

A conventional glass sheet measuring 58.5 x 78 cm
and having a thickness of 4 mm is positioned atop
the still as a glass cover, allowing for the trans-
mission of solar radiation at a transmittance per-
centage of 0.88. To prevent any potential leakage, a
rubber sealing tape is inserted between the glass
cover and the edges of the box. To collect any
accumulated water, a water collecting channel,
measuring 5 mm in width and inclined at an angle of

Data Logger

Fig. 1. Front view of CSS and MSS. CSS, conventional solar still; MSS,
modify solar still.

2°, has been excavated along the lower (front) side of
the still. The water that accumulates in the channel
then flows into a graduated flask with a capacity of
11. As an absorption unit, a galvanized sheet coated
in matte black color for enhanced solar absorption
has been affixed within the still basin. This galva-
nized sheet has a thickness of 2 mm and dimensions
of 50 x 78 cm.

A solar collector was fabricated utilizing finned
tubes, which possessed a diameter of 6 mm and a
thickness of 0.6 mm. These tubes were affixed onto a
galvanized plate, measuring 2 mm in thickness and
having dimensions of 70.5 x 89 cm. Both the finned
tubes and plate were coated with matte black paint
to enhance the absorption of solar radiation.
Furthermore, the compound was introduced into a
wooden box, as depicted in Fig. 2.

The diagrammatic representation of CSS and
MSS, as illustrated in Fig. 1, displays a solar col-
lector inclined at an angle of 32°. This inclination
allows for a higher solar gain during the peak time.
Both stills and the collector are oriented towards the
south, and all the experiments were conducted at
the Engineering Technical College, Najaf, Iraq, from
the February 10—25, 2023, between 8:00 a.m. and
17:00 p.m.

Temperatures are hourly assessed employing
calibrated K-type thermocouples across solar stills
and collectors (basin, water, vapor, inlet and outlet
glass cover surfaces and inlet and outlet of collec-
tor). Seven thermocouples are utilized for CSS and
10 for MSS. Additionally, an extra thermocouple is
employed for measuring ambient temperature. All
thermocouples are connected to a digital data logger
(AT4532), as depicted in Fig. 3a. The SM206 m
(Fig. 3b) is employed to gauge the solar radiation
every hour, with a range of 0—1370 W/m®. The solar
meter is inclined similarly to the glass cover to
ensure precise radiation readings. Wind speed is
observed each hour with a GM-8902 anemometer
(Fig. 3c), with a reading range of 0—89 m/s. The

Fig. 2. Pictorial view finned tube solar collector.
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SOLAR POWER METER

b c

Fig. 3. (a) Digital data logger, (b) SM206 solar power meter, and (c) anemometer device (GM8902).

hourly yield is ascertained using a 1-1 graduated
flask.

Fig. 4 (a and b) and Table 1 display thermocouple
installation sites for solar distiller and collector.
Table 2 lists the range and accuracy. The standard
uncertainties are obtained by considering linear
data variation from equipment. Thus it is taken as a/
\/3 where a is the device accuracy.”

2. Experimental procedure

The solar devices for distillation and the apparatus
for collection were oriented in a southerly direction,

Table 2. Uncertainty and accuracy of the measuring devices.

Devices Accuracy Range Standard
uncertainty
Thermocouple +1.2°C 0—270 °C 0.692 °C
Solar power meter ~ +10 W/m?>  0—1370 W/m®>  5.77 W/m?
Anemometer +0.2 m/s 0—89 m/s 0.115 m/s
Flask water +5 ml 0-11 2.88 ml

with the covers and collector positioned at an
inclination of 32° to ensure optimal reception of
solar radiation. As the radiation permeates the
covers and reaches the foundation (where the ab-
sorption process occurs), it will induce a rise in

10

7 o3

a

Table 1. Thermocouples locations names.

4

b

Fig. 4. Thermocouples locations for: (a) solar collector and (b) solar still.

Thermocouple 1 2 3 4 5,6 7,8 9,10 11

no.

Location Inlet of  Collector plate Outlet of Galvanized Basin Most air Inner and outer Ambient (on the
collector surface (inside collector plate water (vapor zone) glass surfaces back side of the still)

the cavity)
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temperature, subsequently elevating the water
temperature above the foundation. The water level,
which has been carefully maintained at 0.5 cm, is
considered to be the optimal level for achieving
maximum productivity in the distillation pro-
cess.”””” The total dissolved solids of the water uti-
lized in these experiments fall within the range of
2700—4000 parts per million. Once the water tem-
perature surpasses a specific threshold and by the
prevailing conditions, it will commence the process
of upward evaporation, coming into contact with the
inclined glass surface, characterized by a lower
temperature. This interaction results in vapor
condensation on the cover's inner surface, mani-
festing as droplets. Subsequently, these droplets
descend downward due to the inclination of the
cover towards the collection channel, facilitating the
transfer of the resulting yield to the flask.

3. Exergy analysis of solar still

The exergy analysis of the still is conducted by
utilizing the governing equations established upon
the principles of the second law of thermodynamics.
Consequently, the general form of the exergy bal-
ance can be articulated as described in the subse-
quent manner.”

Ex,dest =E;in + Exjout (1)
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where I; is the solar radiation incident on the still,
Ay is the basin area, and T, is the sun's tempera-
ture, taken as 6000 K. hg, is latent heat of vapor-
ization. m,y,, is amount of water evaporation. T, is
temperature of water. The exergy efficiency is thus
calculated as the proportion of the still's output to its
input, which can be expressed as follows.”

Ex.aut E)cevap
NEex E (5)

X,in Ex.sun

4. Results and discussion

Fig. 5 shows the behavior of wind speed, solar
radiation, and air temperature during one of the
experiment's test days. It is clear from the figure that
the parameters increase with time to reach its
maximum value between 12:00 and 14:00 p.m., and
the decrease with time progress.

Figs. 6 and 7 show the temperature behavior of
basin water, vapor, inner and outer glass cover
surface with time for CSS and MSS. All tempera-
tures increase over time to achieve the highest value
at 14:00 p.m., then gradually decrease to its lowest
value. This behavior is consistent with the behavior
of solar radiation throughout the experiment. It is
also clear from the figures that the MSS have tem-
peratures higher than the CSS due to the presence
of solar collectors.

Fig. 8 shows the temperature difference of the
water (Tout—Tin) passing through the solar collector
and entering the still along the experiment time.
From the figure it can be noticed that the tempera-
ture difference increased to maximum value of
43.1 °C, and then decreased as the behavior of solar
radiation. Through the figure, it is noted that the
temperature of the water entering the distillation
apparatus has a clear effect in reducing the evapo-
ration time of the water.

Fig. 9 shows the difference in temperature be-
tween the basin water (Tw) and inner glass surface
(Tg, in) (Tw-Tg, in) over the time of the experiment.
It is clear from the figure that the MSS operate with
a temperature difference higher than the CSS,
which gives preference to MSS in performance and
increased productivity. The most important factor
that indicates the amount of still yield increase is the
difference temperature between the basin water and
inner glass cover. Whereas the increase in this dif-
ference leads to an increase in the still outcome due
to the enhancement of the condensation process
inside the still.

Fig. 10 shows the total productivity of the CSS and
MSS during the day of the experiment. It is evident
from the figure that the preference in productivity
belongs to the MSS due to the presence of the solar
collector. Whereas it is 4.766 1/m*/day for MSS and
2.886 1/m*/day for CSS.

Fig. 11 shows the behavior of exergy efficiency
during one of the test days of the experiment. It is
clear from the figure that the exergy efficiency in-
creases with time to reach its maximum value of
32.53% at 15:00 p.m. for the MSS and 13.78% at 14:00
p.m. for the CSS.
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Fig. 5. Variation of wind velocity, solar radiation and temperature of air with the time of experiment on 9/2/2023.
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Fig. 6. Variation of the temperature of basin water, vapor, inner and
outer glass cover surface with time for CSS in 9/2/2023. CSS, conven-
tional solar still.

4.1. Cost analysis for stills

The type of solar still and its components with all
its accessories are the basic requirements in the cost
analysis calculations. So, cost estimation is per-
formed for both variable and fixed costs. Table 3
lists the components and its cost for the two stills.
Depending on the still lifetime and the daily yield,
the cost of 1 1 from the still can be determined as
follows:**

C (the annual total cost) =F (fixed cost)

6
+ V (variable cost) ©)

—m— basin water temperature
70 —e— Vapor temperature
—4— inner glass temperature

65 - —w— outer glass temperature

60 +
55 |
50 |
45 4
40
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Temperature (°C)

30
25
20

15
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Fig. 7. Variation of the temperature of basin water, vapor, inner and
outer glass cover surface with time for MSS in 9/2/2023. MSS, modify
solar still.

The following requirements can be considered
to facilitate and achieve the cost calculation
process.25

(1) The lifetime of the still is 5 years.

(2) The solar still operates for 325 days in a year.

(3) Variable cost (V) is equal to 0.3 fixed cost (F)
per year, including the maintenance cost.

4.2. Conventional solar still

The fixed cost of CSS is F = 85.25 $ per 1 m?, thus,
from equation (1).
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Fig. 9. Temperature difference along with time (Tw—Tg, in) for CSS and
MSS on 9/2/2023. CSS, conventional solar still; MSS, modify solar still.
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Fig. 11. Exergy efficiency for CSS and MSS. CSS, conventional solar
still; MSS, modify solar still.

Table 3. Cost of the two fabricated still models.

Cost ($)

Items MSS css
Polystyrene box 26.25 26.25
CNC shaping of box 7.5 7.5
Galvanized iron sheet 34 25
Paint 13 7.5
Glass cover 16 10
Plastic pipe 2 1
Flexible rubber band 6.5 4
Auxiliaries (silicon, tab, etc.) 5 4
Finned tubes 9 /
Wood 6 /
Total fixed cost of SSSS with 125.25 85.25

an absorbing area of 1 m?
CSS, conventional solar still; MSS, modify solar still.

C = 85.25+(0.3 x 85.25 x 5) = 213.125 $. The
average daily productivity of CSS is about 2.886 1/
m?. Then, the production during the life of still is
2.886 x 325 x 5 = 4689.75 1.

Thus, the cost of 1 1 from CSS =
4689.75 = 0.045 $.

213.125/

4.3. Modify solar still

The fixed cost of CSS is F =129.25 $ per 1 m?, thus,
from equation (1).

C = 125.254+(0.3 x 125.25 x 5) = 313.125 $. The
average daily productivity of CSS with finned tubes
collectors is about 4.766 1/m*. Then, the production
during the life of the still is 4.766 x 325 x
5=17744.75 1.

Thus, the cost of 11from CSS-finned tube collector-
solar still technology = 313.125/7744.75 = 0.04 $.
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Table 4. Compression of the current study with other studies.

References Date/country Adopted technique % enhancement Productivity Cost $
in productivity (llmz.day)

Alwan et al.*® 2020/Iraq Hollow cylinder that slowly rotates 292% 5.5 0.048
within a solar water unit and integrated
with outer solar collector

Rajaseenivasan et al.”’ 2014/India Using flat plat collector 60% 5.82 0.037

Kumar et al.*® 2020/India Using flat plat collector 57.07% 1.59 -

Jaafar et al."? 2020/Iraq Solar collecting tank compared with 48.83% 2.1 0.052
conventional solar still

Current study February Using finned tubes solar collectors 65.12% 4.766 0.04

2023/Iraq

The comparison of the SSSS performance of pre-
vious related authors works, and the present is
depicted in Table 4.

4.4. Conclusions

This work investigates the performance of two
models of SSSS. The two models are CSS and MSS.
The MSS is considered as CSS integrated with a
finned tube solar collector.

Under the environmental conditions, the experi-
mental results showed that the use of finned tube
collector-solar still technology results in a note-
worthy increase in basin water temperature up to a
maximum of 64.1 °C during peak intervals, sur-
passing the 45.8 °C utilizing CSS, thereby suggest-
ing its potential for efficient thermal energy
conversion.

This phenomenon results in a beneficial effect on
the remaining thermal conditions within the still,
consequently reducing the duration of water evap-
oration in the still basin and enhancing operational
efficiency. Implementing finned tubes has signifi-
cantly increased the aggregate daily output of solar
systems by as much as 65.12%. The finned tube
collector-solar still technology under study operates
at a Tout—Tin temperature of 3.9 °C. Furthermore,
according to the cost analysis, the cost of producing
11 of pure water using CSS was 0.045 USD, and
reduced by 11.11% when using the MSS.
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