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Effect of fins and silicon dioxide nanoparticle black paint
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Abstract
The present study aims at enhancing the yield of tubular solar still (TSS) by employing fins and coating the absorber plate. We
doped the SiO2 nanoparticles into black paint at the weight concentration ranging from 10 to 40%. The solar still was tested in a
bright sunny climatic condition of Chennai, Indian (lat. 13° 08′ N and long. 80° 27′ E). Under transient heat flux conditions,
water, basin, and TSS glass temperatures with and without fin were measured. The rate of heat transfer by convection between the
water and absorber plate was increased. Results revealed that the basin and water temperatures were improved by 10.49% and
10.88%, respectively when using black paint with SiO2 nanoparticle in the concentration of 20%, coated on the absorber plate
compared to that when using the ordinary black paint, while using the fins on the absorber plate enhanced the potable water
produced by 55.18% when using 20% SiO2 nanoparticle compared to that of conventional TSS. The cost per liter of water
produced using the flat and finned absorber coated using 20% SiO2 nanoparticle in black paint is found as 0.0187 and 0.012 $/L
respectively.
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Introduction

Demand for energy and water is increasing daily with rapid
growth in industrial development. The requirement for fresh
and potable water has become growing in the world at a faster

rate as human life depends on drinking water for survival.
Solving the shortage of fresh and potable water is becoming
an important issue globally (Elsheikh et al. (2018); Sharshir
et al. (2018); Essa et al. (2020a, b)). Many health-related is-
sues are present, especially in the remote and arid regions
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where freshwater is scarce. Only a small quantity of water is
available for drinking purposes in the form of surface and
ground water. Even though the earth is covered with 71% of
water available, it is not used for drinking purpose as the
availability of dissolved salts is higher (Sharshir et al.
(2019); Sathyamurthy et al. (2017); Kabeel et al. (2020);
Ahsan and Fukuhara (2010); Elsheikh et al. (2021)). The only
available solution for converting brackish water is using de-
salination on a large and small scale (Arunkumar et al. (2013,
2016a, b); Ahsan et al. (2010); Rahbar et al. (2015)). The
various comprehensive reviews on tubular solar still were
discussed by several researchers, and it was concluded that
the tubular solar still without any modification under the pas-
sive method produces average potable water of about 4.7 kg/
m2 while using multi-effect tubular solar still, the yield was
10.2 kg/m2 (Bait (2019); Rahbar et al. (2018); Essa et al.
(2020a, b)).

Kabeel et al. (2019) studied tubular solar still by enhanc-
ing the condensation rate with cover cooling and optimized
the depth of water maintained inside the basin. Results
showed that the potable water produced from tubular solar
still with cover cooling was enhanced with an optimum
depth of water and the cold-water flow rate was found as
0.5 cm and 2 L/h, respectively, which produced the
maximum yield of 5.85 kg/m2. Kabeel et al. (2020a) used
hybrid energy storage in a modified absorber with CPC to
improve the freshwater yield. Results showed that the solar
still with and without hybrid energy storage produced a daily
yield of 9.54 and 5.79 kg/m2, respectively, with an improve-
ment of 65%. Elshamy and El-Said (2018) compared tubular
solar still using flat and semi-circular corrugated absorber
plate and improved the thermal and exergetic efficiency.
Results showed that thermal and exergetic efficiency was
improved by 25.9 and 23.7%, respectively. It was also found
that using corrugated absorber, the yield augmented by
26.47% than the flat absorber.

Sathyamurthy et al. (2020) studied stepped solar still on
performance enhancement by coating fumed SiO2 nanoparti-
cle in an absorber plate. Results concluded that the improve-
ment of fresh water yield depends on the temperature of the
water using higher thermal conductivity paint coated on the
absorber. The fresh water yield was improved by 27 and 34%
with the use of 10 and 20% weight concentration of SiO2
nanoparticle in black paint respectively. Elashmawy (2020a,
b) studied tubular solar still under forced and natural tech-
nique. The moisture content available in the air is extracted
by blowing the air inside the tubular solar still under different
flow velocities. The TSS was fixed with a small fan to distrib-
ute the ambient air inside the TSS during night. The experi-
mentation was performed at different wind speed conditions.
A desiccant moisture content is used inside the tubular solar
still to extract the moisture from the air. The basin of the TSS
was covered with calcium chloride desiccant. Results

concluded that increased air velocity increased the evapora-
tion rate and evaporation efficiency. It was reported that the
amount of water extraction from the TSS at wind speed of 4
m/s was 467mL/m2 day and from the TSS at natural condition
was 230 mL/m2 day.

Kabeel et al. (2020b) used a parabolic concentrator in tu-
bular solar still to concentrate the incoming solar radiation to
improve the potable water produced. El-Said et al. (2020)
studied tubular solar still with wire mesh packing material.
A simple harmonic motion was applied to the wire mesh to
distribute the water temperature under transient heat input
condition evenly. The daily yield produced from the CTSS
was 3.25 L/m2, and MTSS was 4.2 L/m2. Kabeel et al.
(2020c) carried out experimental work on conventional tubu-
lar solar still (CTSS) using phase change material (PCM) and
nano PCM to improve the potable water produced. It was
reported that yield produced from the CTSS, with PCM and
TSS with nanoparticle-enhanced PCM, was 2.6 kg, 3.35 kg,
and 5.62 kg, respectively.

Elashmawy (2017) conducted the experiments on CTSS,
TSS basin with black cloth, and TSS integrated with parabolic
concentrator system (TSS-PCS). It was published that the
yield produced from the CTSS was 3.6 L/m2 day; the TSS
basin with the black cloth was 4.71 L/m2 day, and TSS-PCS
was 3.53 L/m2 day. Tang et al. (2019) conducted indoor ex-
periments on the CTSS and hydrophilically modified TSS
(HMTSS). It was reported that the HMTSS yield was 24.9%
higher compared to the CSS. Elashmawy (2020a) also con-
ducted experiments on TSS-PCS and TSS-PCS with gravel. It
was reported that the yield produced from the TSS-PCS was
3.96 L/m2 day and the yield produced from the TSS-PCS with
gravel was 4.51 L/m2 day. Xie et al. (2020) optimized the
operating pressure of three-effect TSS in China. It was found
that three-effect TSS operating at 40 kPa pressure produced
the maximum yield of 7.056 kg/day. Xie et al. (2018) also
published a TSS working at a vacuum condition. Elshamy
and El-Said (2018) have done the comparative investigation
on flat plate TSS (FP-TSS) and corrugated surface TSS (CS-
TSS). The maximum daily yield produced from the FP-TSS
was 3.4 L/m2 and from the CS-TSS was 4.3 L/m2.

Elashmawy and Alshammari (2020) also extracted water
from air using TSS-PCS. It was reported that water per 1 kg of
calcium chloride extraction is 0.51 L. Elashmawy (2019) con-
ducted research on TSS-PCS, TSS-PCS with water sprayer
cooling, and TSS-PCS with a co-axial tubular water-cooling
passage. The daily yield produced from the TSS-PCS was
4.27 L/m2, TSS-PCS with water sprayer cooling was 3.8
L/m2, and TSS-PCS with co-axial tubular water-cooling pas-
sage was 2.4 L/m2. Kabeel et al. (2017) investigated the ef-
fects of using CuO nanoparticles in the paint and coated the
same in the absorber of solar still with different concentrations
from 10 to 40%. They improved distillate by 25% at a con-
centration of 40%.
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From various literature reviews studied, it was found that
tubular solar still with finned absorber plate with black nano
paint was not studied before. The present study aims at en-
hancing the potable water produced from tubular solar still
using a flat absorber attached with the fin. In addition to the
attachment of fins with the absorber plate, the black paint is
doped using SiO2 nanoparticle in the composition of 10, 20,
30, and 40% by weight concentration which simultaneously
improve the thermal conductivity.

Characterization, preparation, and thermal
conductivity of nanofluid

The SiO2 nanoparticles are purchased from Sigma-Aldrich,
MERCK, USA. The procured nanoparticle is 99.5% pure with
some metal traces. The bulk density of nanoparticle is 0.11
g/mL, and density in the range of 2.2-2.6 g/mL at 25oC, and
the thermal conductivity of nanoparticle is 1.4 W/mK. To
ensure the nanoparticle’s size in the nanostructure, the particle
is analyzed using a scanning electron microscope. The SEM
image of SiO2 nanoparticle is shown in Fig. 1(a). It is clearly
seen that the size of nanoparticles purchased is in the ranges of
50 nm. The samples are weighed using a digital balance, and
accordingly, the weight concentrations of nanoparticles are
added to turpentine fluid. The particles are homogeneously
mixed using a magnetic stirrer for 1 h at 800 rpm. Using an
ultrasonic probe-type sonicator, the mixture is agitated for
30 min in order to have excellent stability and even dispersion
of nanoparticle with the fluid.

Thermal conductivity of the sample prepared using an
ultrasonicator is measured using a KD2 pro thermal analyzer
under room temperature. The sample thermal conductivity at
different weight concentrations of SiO2 nanoparticle was

measured in a room temperature of 30.14°C. The thermal
conductivity of turpentine fluid is 0.11 W/mK at 30.14°C.
From Fig. 1(b), it can be clearly observed that the thermal
conductivity of fluid prepared with weight concentration more
than 20% starts to decrease. This decrease is due to the sedi-
mentation of nanoparticle in the turpentine fluid. The sample’s
thermal conductivity using 10, 20, 30, and 40% SiO2 nano-
particle in turpentine fluid was improved by 15.38, 18.51,
8.33, and 4.34%, respectively. The stability of the prepared
sample using 10 and 20% SiO2 nanoparticle is found as 16
days while the stability of 30 and 40% SiO2 nanoparticles is 8
days. Higher particle loading in the fluid reduces the viscosity
with higher interaction of molecular force between the nano-
particles and reduces the stability of nanoparticle in the fluid.
The different weight concentrations of SiO2 nanoparticle in
turpentine fluid are shown in Fig. 2.

Experimental setup

The experimental photographs of tubular solar still with and
without fins are shown in Fig. 3. Two identical tubular solar
stills are fabricated with flat absorber and absorber with fins.
The tubular cover’s length and diameter were 1.2 m and 0.1
m, respectively. The cover material’s thickness is 2 mm, while
the cover material is made of acrylic material. The tray’s
length and width are 1 m and 0.09 m, respectively. The dis-
tance between the cover and plate is 15mm in both cases. The
number of fins attached to the absorber plate is 10 and placed
at a consecutive distance of 0.1m. Initially, the absorber plates
(both flat absorber and finned absorber) are coated with black
paint. The entire experiments were conducted in the rooftop of
a domestic residence in Chennai, and experiments are carried
out during the month of February and March 2020.
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Fig. 1 a SEM image of silicon oxide NPs. b Turpentine nanofluid thermal conductivity
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To increase solar intensity absorbency, fumed SiO2 is
mixed with turpentine in the proportion of 10, 20, 30, and
40%. The turpentine oil mixed with SiO2 nanoparticle is then
dissolved in black paint. The flat and finned absorber plate is
coated with the different weight concentrations of silicon
oxide (SiO2) nanoparticles added to the black paint to in-
crease absorbency and compared with black paint without
nanoparticles. The flow control device is used to control
the flow of water into the basin. The temperature of different
elements in the solar still is measured every hour. Elements
include acrylic cover, absorber, water, and fin temperature.
The global solar radiation and wind velocity are measured
using the TES132 solar power meter. Special provision is
made to maintain the constant water depth inside the basin
as evaporation is continuous. As the heat energy is continu-
ously supplied, the evaporated water gets condensed in the
form of water droplets due to the ambient interaction. At the
end of the tubular cover, flexible hoses are connected to
collect the condensed water. The distillate is measured using
a calibrated flask. Table 1 shows the instrument’s errors with

the accuracy and instruments used during the experimental
study.

Uncertainty analysis

The possible errors produced from the instruments used dur-
ing the experiments and uncertainty occur. Table 1 shows the
uncertainty obtained during the experiments from the instru-
ments. It is also mathematically defined as the ratio of a small
amount to the output’s lease value. The total uncertainty pro-
duced by the calibrated flask is the height of water that is
collected in the jar. It is mathematically expressed as,

Rm ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
∂m
∂h

Rh

� �2
s

ð1Þ

Daily efficiency uncertainty depends on the uncertainty
produced by the measuring jar and solar radiation.
Mathematically it is expressed as,

Rη ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
∂η
∂m

Rm

� �2

þ ∂η
∂I tð Þ RI tð Þ

� �2
s

ð2Þ

Fig. 2 Prepared turpentine nanofluid with different weight concentrations
of SiO2 nanoparticle

Fig. 3 Photograph of the tubular solar still with and without fins

Table 1 Accuracy, range, and error limits for various measuring
instruments

Sl. no Instruments Accuracy Range % error

1 Solar power meter ±10 W/m2 0–2000 W/m2 2%

2 Thermocouple ±1°C 0–120°C 0.3%

3 Anemometer ±0.1 m/s 0–10 m/s 5%

4 Measuring jar ±10 mL 0-500 mL 5%
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The uncertainties associated with the measured parameters
such as distillate water, solar radiation, wind velocity, and
temperature were estimated as 5, 3.5, 2, and 0.3%, respective-
ly. Similarly, the reported uncertainty error using Eq. (2) for
daily efficiency is found as 2.1%.

Results and discussion

Performance analysis

The variations in solar intensity and ambient temperature re-
corded during the experimentations are plotted in Fig. 4. From
the experimentations, it is observed that the average ambient
temperature is 30.2°C and the peak solar intensity occurred
during 13:00 h as 915 W/m2.

Basin and water temperature are the key parameter for en-
hanced evaporation and for enhanced performance and effi-
ciency. Figure 5 a-d show the variations in the basin and water
temperature from tubular solar still with and without fin under
different weight concentrations of silicon oxide nanoparticles
with black paint. The basin temperature recorded during the
peak solar intensity with optimum weight concentration of
20% SiO2 in black paint is found as 66°C (Fig. 5(a)) using
finned absorber solar still, while in the tubular solar still ab-
sorber without the fin, the temperature of the basin reduced by
6°C (Fig. 5(b)). In all the cases, the temperature of the basin is
found to be lower in the case of absorber plate coated using
black paint without nanoparticles in it. The basin temperature
in the case of tubular solar still with fin increases by 4.97,
10.45, 7.44, and 4.6%, whereas the basin temperature without
fin increases by 3.78, 8.69, 6.03, and 2.42% with 10, 20, 30,

and 40% SiO2 in black paint respectively. Due to higher ther-
mal conductivity material coated in the mild steel plate, the
absorbance increases with transient heat input with reduced
heat loss. Also, it is observed that the temperature of the basin
is lower using 10% SiO2 nanoparticle in black paint than 30
and 40% as the thermal conductivity of nanofluid is higher to
about 4 and 6.5% respectively.

The variations of water temperature measured in TSS with
and without fin are plotted in Fig.5(c) and (d) respectively.
Water temperature recorded under peak solar intensity with
the absorber plate coated using weight concentration of 10,
20, 30, and 40% silicon oxide nanoparticles in black paint and
with the fin is found as 58, 62, 60, and 65°C, respectively,
while the solar still with flat absorber reduced by 5.17, 6.25,
8.06, and 6.66% using 10, 20, 30, and 40% of SiO2 nanopar-
ticle in black paint, respectively. The increase in the water
temperature is also due to the even distribution of water inside
the absorber with partition and distribution of heat flux with
the water and fin surface. The basin’s temperature using a flat
absorber is reduced by 4°C for the same atmospheric
condition.

Figure 6a and b show the amount of water produced from
tubular solar still with and without fin with absorber plate
coated using different weight concentrations of SiO2 nanopar-
ticle in black paint. It can be inferred from Fig. 6(a) that the
influence of increased exposure area of water with fins in-
creased the hourly freshwater yield from tubular solar still
by 13.6% than flat absorber coated using ordinary black paint.
The maximum yield is obtained using nanoparticle in the con-
centration of 20% with black paint and found as 1.37 and 0.93
kg/m2 for solar still with and without fin. It is also inferred that
the yield obtained using 30 and 40% weight concentration of

Fig. 4 Variations in solar
radiation and ambient
temperature
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SiO2 nanoparticle-doped black paint coated in both absorbers
(with and without fin) is reduced as the thermal conductivity
of turpentine nanofluid is reduced. Also, it is observed that the
yield is higher compared to a 10% weight concentration of
SiO2 nanoparticle in black paint. The total yield accumulated
in the collecting jar with basin fitted with fins is found as 4.64,
6.42, 5.02, and 3.56 kg/m2 while the yield of fresh water is
reduced by 59.32, 55.18, 54.91, and 36.02% for 10, 20, 30,
and 40% weight concentration of SiO2 in black paint coating
on the absorber plate respectively.

The variations in the average temperature of ambient, water,
basin, and glass of tubular solar still with modifying the absorb-
er by coating the absorber plate with 10, 20, 30, and 40%
weight concentration of SiO2 nanoparticle in black paint and
by adding fins and compared the same with flat absorber is
shown in Fig. 7(a, b). It is seen that by adding fins in the
absorber increase, the temperature of the basin is improved by
2.81% than solar still with flat absorber tubular solar still. By
adding SiO2 nanoparticle in the concentration of 10 and 20%
with black paint, the average basin temperature is improved by
4.97 and 10.45% respectively with fins, whereas with flat ab-
sorber, the average basin temperature is improved by 3.78 and
8.69% respectively. Furthermore, with the increase in nanopar-
ticle concentration in the weight ratio of 30 and 40% SiO2
nanoparticle, the temperature of the basin is improved by 7.44
and 4.66%. Similarly, the average basin temperature of flat
absorber coated with SiO2 in the weight concentration of 30
and 40% is improved by 6.03 and 2.42% respectively. The

temperature of basin and water is higher in the case of SiO2
nanoparticle in the range of 30 and 40%, which is higher than
the absorber plate coated using ordinary black paint in both
cases. The reduction in temperature under 30 and 40% weight
concentration of SiO2 nanoparticle is due to the reduced ther-
mal conductivity of the fluid coated in absorber plate while
20% of SiO2 nanoparticle is found to be the optimum concen-
tration in the black paint for enhanced performance.

Comparing daily yield and daily efficiency using modified
absorber of tubular solar still by coating effective black paint
with SiO2 nanoparticles at different concentrations is tabulat-
ed in Table 2. It can be seen that the daily yield using fin is
higher as the exposure area of water is higher than solar still
without fins on the absorber and the daily improvement in
yield by adding fins and ordinary black paint on absorber plate
is found as 55% than flat absorber. On effective coating of
absorber with black paint and SiO2 nanoparticle in a weight
concentration of 10, 20, 30, and 40%, these were improved by
58.6, 56, 56.2, and 34.6% respectively. The modified ab-
sorber’s daily efficiency is higher, using 20% as an additive
in black paint. It is also observed that the effect of increased
concentration from 30 and 40% nanoparticle in black paint
reduced the daily efficiency and higher as compared to ordi-
nary black paint. The effective improvement of thermal con-
ductivity using weight concentration of SiO2 by 30 and 40%
is the main phenomenon on improved daily yield and efficien-
cy than ordinary black paint coated in absorber in both finned
and flat absorber solar still.

Fig. 5 Variations in (a, b) basin
and (c, d) water temperature of
TSS with and without fin
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Economic analysis

The various parameters involved in determining the economic
analysis of the modified and unmodified solar are still given in
Eqs. (3)-(10). Choice of materials used to fabricate the solar
still provides higher performance and extended life. The var-
ious parameters involved in determining cost per liter fresh
water produced are annual cost involved and annual yield.
The annual cost involves the parameters such as annual main-
tenance, salvage, and fixed cost.

The capital recovery factor is estimated using,

CRF ¼ i� 1þ ið Þn
1þ ið Þn−1 ð3Þ

The fixed annual cost is estimated as,

Fixed annual cost ¼ P � CRFð Þ ð4Þ

The sinking fund factor is given as,

SFF ¼ i
1þ ið Þn−1 ð5Þ

The annual salvage is expressed as,

ASV ¼ S � SFF ð6Þ

where, S is the salvage value and it is expressed as,

S ¼ 0:2� SFF ð7Þ

The annual maintenance is expressed as a total of 15% in
the fixed annual cost which is given as,

AMC ¼ 0:15� FAC ð8Þ

Fig. 6 Variation in hourly yield of TSS a with fins and b without fins in
absorber plate coated with black paint and nanoparticle

Fig. 7 Variation in the average temperature of ambient, water, basin, and
glass of tubular solar still a with fins and b without fins
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The annual cost involved is the sum of fixed annual cost,
maintenance and difference in annual salvage cost and it is
given as,

AC ¼ FAC þ AMC−ASV ð9Þ

The cost per liter of fresh water is given as,

CPL ¼ AC
AY

ð10Þ

The net pay back period of the solar still is mathematically
given as,

np ¼

ln
1

1−
P � i

M � CPL

� �� �

0
BB@

1
CCA

ln 1þ ið Þ ð11Þ

The various costs involved in the fabrication of solar still
are tabulated in Table 3. The total costs involved in the fabri-
cation of solar still with flat and finned absorber were found as
$ 140 and 145 respectively. The coating of absorber with
SiO2-doped black paint increased the cost of fabrication with
flat and finned absorber to $ 240 and 245 respectively.

The annual yield from TSS with fin and without fins with
the bare plate of absorber coating using black paint was found
to be 1054 and 680 L respectively by assuming the 340 clear
sky condition. Similarly, the average annual yield produced
from the same solar still by adding SiO2 nanoparticles in the
black paint was 2176 and 1394 L. The costs per liter of water
produced using the flat and finned absorber of tubular solar
still are found as 0.038 and 0.025 $/L, whereas the same
absorber configuration with SiO2 nanoparticle-coated absorb-
er exhibited lower cost per liter of 0.0187 and 0.012 $/L
respectively.

Comparison of yield with previous literature

The comparison of fresh water obtained from tubular solar still
using different previous literature methods is tabulated in
Table 4. The average yield obtained using PTC tracking was
found as 4.71 kg/m2 (Elashmawy (2017)), whereas using the
coating technique and increased surface area of water by
attaching fins, the average fresh water obtained is improved
to about 6.4 kg/m2 with enhanced heat absorption by the
finned absorber tubular solar still. Using a compound parabol-
ic concentrator with PCM as heat storage medium, the fresh
water obtained from the tubular solar still was found as 5.77
kg/m2 while in the same system without PCM, it was found as

Table 2 Comparison of daily yield and daily efficiency using modified absorber

Nanoparticle concentration
(%)

Daily yield (kg/m2) Daily total solar radiation
(W/m2)

Daily efficiency (%) Improvement in yield by adding fins
(%)

With
fin

Without
fin

With
fin

Without
fin

0 3.1 2.0 7513.52 25.9 17.4 55.0

10 4.6 2.9 7553.56 38.5 24.1 58.6

20 6.4 4.1 7628.55 52.8 34.0 56.0

30 5.0 3.2 7712.11 40.8 26.3 56.2

40 3.5 2.6 7770.43 28.7 21.1 34.6

Table 3 Various costs involved in the fabrication of solar still

S. no. Component Cost ($)

Flat absorber Finned absorber

1 Transparent acrylic cover 50 50

2 Control valve and storage tank 15 15

3 Paint and fittings 10 10

4 Absorber plate 15 20

5 Total fabrication 50 50

6 Total cost involved in solar still with black paint (A=1+2+3+4+5) 140 145

7 Cost of silicon oxide nanoparticle (100 g) 100 100

8 Total cost involved in solar still with SiO2 nanoparticle in black paint (B=6+7) 240 245
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5.32 kg/m2 (Arunkumar and Kabeel (2017)). Arunkumar et al.
(2016a) used a cover cooling technique for enhanced conden-
sation from tubular solar still with concentric tube arrange-
ment. Their study revealed that the effective cover cooling
of tubular solar still provided efficient heat transfer for con-
densation with a maximum cumulative yield of 3.23 kg/m2.
Moreover, the present study revealed that the coating of ab-
sorber plate with nanoparticle-doped black paint and in-
creased exposure area of water with the solar radiation pro-
vides a better improvement in enhanced evaporation of water
from the tubular solar still.

Conclusions

An experimental investigation was conducted to investigate
the performance of the tubular solar still with fins fixed on the
flat absorber and painted with a SiO2 coating doped in black
paint at different weight concentrations of 10, 20, 30, and
40%. The experiments were carried out in the outdoor and
bright sunny climatic condition of Chennai, and the perfor-
mance of tubular solar still with flat and finned absorber was
studied. The significant points of the present investigation are
listed below:

& The optimum concentration of SiO2 nanoparticle in the
back paint was 20% (weight concentration), where the
potable water produced was higher using finned and flat
absorber.

& The heat transfer rate for the basin and water was im-
proved by around 3 and 3.4% respectively as compared
to that when using the ordinary black paint on flat absorber
plate.

& When using the mixture of SiO2 nanoparticle and black
paint in the finned absorber solar still, the maximum tem-
perature of basin and water was found as 66 and 64°C
compared to 60 and 59°C for that when using the flat
absorber.

& The flat and finned absorber distillers’ hourly fresh water
was 0.58 and 0.67 kg/m2, respectively, while using the
SiO2, NPs improved the hourly potable water to be 0.93
and 1.37 kg/m2 respectively.

& The total accumulative potable water produced during the
experiments using finned absorber was 4.64, 6.42, 5.02,
and 3.56 kg/m2, whereas the cumulative yield from TSS
with flat absorber decreases by 59.32, 55.18, 54.91, and
36.02% for 10, 20, 30, and 40% of SiO2 NPs doped into
black paint coated on absorber plate respectively.

& The cost per liter of water produced using the flat and
finned absorber coated using 20% SiO2 nanoparticle in
black paint is found as 0.0187 and 0.012 $/L respectively.

Author contribution Conceptualization, methodology, resources, formal
analysis, and investigationwere carried out by Arani Rajendra Prasad, Ali
Chamkha, Abd Elnaby Kabeel, Mageshbabu Devarajan, Madhu
Balasubramaian, Athikesavan Muthu Manokar, Fadl Essa, Kasi
Kamalakannan, and Arumugam Saravanan. Conceptualization,

Table 4 Comparison of fresh water obtained from tubular solar still using different methods

Study Method Location Yield (kg/m2) CPL ($/L)

Elashmawy (2017) PTC tracking Hail, Saudi Arabia 4.71 0.024

Without PTC tracking 3.6

Arunkumar and Kabeel (2017) PCM and CPC Coimbatore, India 5.77 0.033

Without PCM and with CPC Coimbatore, India 5.32 -

Bait (2019) Water heater Batna, Algeria 1.5 0.04

Arunkumar et al. (2016a) Cover cooling Coimbatore, India 3.23 0.019

Sathyamurthy et al. (2015) Semi-circular trough solar still Chennai, India 3.0 -

Elashmawy and Ahmed (2021) TSS with sand as energy storage in tubes Hail, Saudi Arabia 4.9 0.0084

Elashmawy et al. (2021) TSS with novel PCM tubes Hail, Saudi Arabia 5.55 0.0078

TSS without PCM tubes 3.95 0.0163

Alshammari et al. (2021) Multi-effect tubular solar still (single stage) Saudi Arabia 4.51 0.0088

Multi-effect tubular solar still (two stages) 7.24 0.0067

Multi-effect tubular solar still (three stages) 8.92 0.0066

Multi-effect quadruple-effect 10.03 0.0072

Present study TSS with finned absorber Chennai, India 3.1 0.010

TSS with flat absorber Chennai, India 2.0 0.015

TSS with flat absorber and coated with 20% NP-coated absorber Chennai, India 4.1 0.0074

TSS with fins and coated with 20% NP-coated absorber Chennai, India 6.4 0.0049
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