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of Conventional Solar Still (CSS) and
CSS Augmented with Wax Filled
Metallic Finned-Cups

Dwindling potable water is a big concern for the whole world in general
and developing nations in particular. Solar still is found to be suitable for
the production of potable water at low cost, especially in the arid regions.

In view to improve the distillate output of the solar still, the augmentation
of the sensible and latent heat, a storage material was needed. For the
purpose, wax filled metallic finned cups were used. In this paper, an
attempt was made to investigate (experimentally and theoretically) the
performance of a conventional solar still integrated with wax filled
metallic finned-cups (MSS). Outdoor experiments were conducted on
conventional solar still (CSS) and CSS augmented with wax filled metallic
finned-cups, in the month of January and February 2019, at Raghogarh,
Guna ( 24°39°N, 77°19’E, India). Linear regression model proposed by
Kumar and Tiwari was used to evaluate the performance of solar stills. An
improvement of 15.63 and 16.95% in evaporative and convective heat
transfer coefficients (from water to condensing cover) have been observed
in MSS, as compared with the CSS respectively. It was found that the

overall efficiency of MSS increased by 24.64% in compared with the CSS.

Keywords: Desalination, Solar still, Heat storage material, Energy

analysis.

1. INTRODUCTION

Water is one of the essential commodities needed for
the survival of human beings on the earth. Expeditious
industrialization and population growth have led to the
serious problem of water stress, as our natural water
resources are now entered an epoch of paucity.
According to the world water council report [1], the
global average per person availability of renewable
water resource is going to reduce from 6600 to 4800 m’
during 2000-2025. Although many methods like reverse
osmosis [2], film distillation [3] etc. are available for
converting brackish water into potable water, but poor
and developing nations lack the skills and fund to
deploy them. So to solve this problem of water crisis,
solar still is recognized long back as a simple low cost
device. The first use of solar still has reported way back
in 1872 by Wilson [4], for supplying potable water to
the nitrate mining society. Later on many engineers and
researchers have worked on these basin-type solar stills
which are commonly known as conventional solar stills
(CSS) [5,6]. A CSS has low distillate output and
requires large surface area for mass production. With
this background, various researchers have proposed
different methodology for enhancing the productivity of
passive distiller units [7—16].

Jamil and Akhtar [17] reported the influence of
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characteristic length of solar still cavity (aspect ratios
from 1.94 to 2.67) on the distillate yield. A detailed
theoretical analysis of different climatic parameters on
the productivity of CSS have been reported by Afrand
and Karimpour [18].

An improvement in distillate yield by augmenting
still with earth has been reported by Sodha et al. [19].
Dumka and Mishra [20] have reported a detailed energy
and exergy analysis of single basin solar still integrated
with the earth surface. Effect on distillate yield by
covering nearby ground of sand bed solar still with
polythene sheet and coal powder have been reported by
Tiwari and Mishra [21]. Using ANN model a hybrid
solar distiller unit integrated with an air compressor has
been reported by Hidouri et al. [22]. Rabhi et al. [23]
have reported the augmentation of fins (in basin area)
and external condenser with the solar still. Dumka et al.
[24] have experimentally examined the use of
permanent ferrite ring magnets for magnetizing the
brackish water in conventional solar still. They have
reported a substantive increase in the distillate output
and efficiency of still augmented with magnets.

Kalidasa et al. [25] have observed that the use of
rubber in the basin area of still can enhance the
evaporation rate and distillate output. Exergy and
economic analysis of CSS integrated with rectangular
porous media have been reported by Rashidi et al. [26].
Mishra and Tiwari [27] have reported an enhancement
of distillate yield by spreading coal and metal chips
within the basin area. Ibrahim et al. [28] have given a
comprehensive review on absorption energy storage
using (with and without) crystallization of the
absorption materials for single and multi effect distiller
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units. A comprehensive review on an application of
nano-fluids in solar stills have been reported by
Khanafer and Vafai [29]. Deshmukh and Thombre [30]
have reported the use of sand and servo-therm medium
oil beneath the basin liner, as sensible heat storage
material. Dumka et al. [31]have reported the influence
of salt concentration on the internal heat transfer
coefficients and efficiency of a CSS.

Gugulothu et al. [32] have reported an experimental
study on the performance of a single basin solar still by
using potassium dichromate, magnesium sulphate hepta-
hydrate and sodium acetate as an energy storage mate-
rials. They observed that magnesium sulphate hepta-
hydrate gives better distillate output as compared to
others. Kabeel et al. [33] have delineated a comparative
study of experimental and exergy analysis of a passive
water desalination system, with and without paraffin
wax as phase change material in the basin and parabolic
concentrator. They have observed that PCM and
parabolic concentrator augmented still produces 55-65%
and 35-45% higher yield than the conventional still.
Arunkumar et al. [34] examined the effect of carbon
impregnated foam (CIF) and bubble-wrap (BW)
insulation on distillate output of single slope solar still
having basin area of 0.5m’, and have validated their
CFD results with the experiments. They reported an
increment of 21.05%, 63.16% and 15.79% in distillate
output by using, BW insulation, BW insulation & CIF
and saw dust respectively in CSS as compared to CSS
alone. Kabeel et al. [35] reported a comparative theo-
retical study among different organic and inorganic
PCM along with their economic analysis. They have
observed that Capric-Palmatic (inorganic) and A48
(organic) have the combined advantage of high yield
and low cost, but A48 has an edge over the Capric-
Palmatic as it is environment friendly. A comparative
study of three stills i.e. CSS, CSS with sensible heat
energy storage, and CSS with jute knitted sensible
energy storage under different water mass have been
reported by Kabeel et al.[35]. They have observed that
for 20 kg of water, jute knitted sensible energy storage
still yields 18% more than the still with only sensible
energy storage material.

In this communication, an attempt was made to
determine the effect of wax filled finned-cup (that are
supposed to act as sensible and as latent heat storage
material) on the internal heat transfer coefficients,
distillate yield and efficiency of a conventional solar
still. Experimental data obtained by the outdoor
experimentations in the month of January and
February 2019 were evaluated using, model proposed
by Kumar and Tiwari. It waas observed that still
containing wax filled metallic-finned cups gives very
high nocturnal yield and hence, high distillate output
and efficiency.

2. EXPERIMENTAL SETUP

For experimentation, two identical single slope con-
ventional solar still (CSS) are fabricated with the help of
5 mm thick FRP material keeping 1 m? basin area, with
lower and higher vertical sides of 0.48 and 0.2 m hei-
ghts respectively. For better absorption of solar energy,
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inner surface of stills were painted with the black co-
lour. Solar stills are covered with iron transparent glass
of 4 mm thickness, at an inclination of 15.6° with
reference to horizontal surface.

As water wets the glass surface, so the condensation
of vapours on it will obviously be film condensation. But
it has been proved by Bhardwaj et al. [36] that the film
condensation allow more solar radiation to pass through
them when compared to dropwise condensation, and
hence film condensation results better yield in solar still.
Recently Arunkumar et al. [34] have shown that the use
of bubble wrap insulation can reduce the heat loss from
side and bottom considerably. So, both the stills were
insulated form sides and bottom with bubble wrap. The
schematic arrangement, and actual photograph of CSS are
shown in Figure 1 and 2 respectively.

S e——

Glass cover \

Distillate collection tray

FRP Solar Still

Thermocouple

Water surface

Figure 1. Schematic of CSS [20]

REDMINoTE

MI'DUAL CAMERA

Figure 2. Photograph of CSS

To enhance the productivity of CSS twelve wax
filled, finned cylindrical cups (Figure 3) of 6 cm height
and 8 cm inner diameter were placed within the solar
still at equal distance (to ensure maximum absorption of
incident radiation, minimum wall shadow effect, and
equal heat dissipation within the basin area), as shown
in the Figure 5.

Each cup contains 44 mm long, and 2 mm diameter
fins, painted with black colour to ensure the maximum
absorption and radiation from Sun to energy storage
material (during charging), and energy storage material
to water (during discharging) respectively. Wax is filled
till a height of 4 cm in each cup, and the top portion of
the cups were sealed with a LLDPE cover (to ensure the
isolation of wax from moist air) as shown in Figure 4.
The wax used in current study is paraffin wax, whose
properties are listed in Table 1.
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Figure 4. Photograph of finned cup with wax covered with
LLDPE
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Figure 5. Arrangement of finned cups in the basin area of
still

Table 1. Thermophysical properties of wax [37]

Property Value in SI units

Density in liquid state [760 (kg/m>)]
in solid state [818 (kg/m’)]

Latent heat of fusion 226 (kl/kg)

Melting temperature 56°C

Thermal conductivity 0.24 [W/(mK)]

Specific heat capacity in solid state [2.95 (kJ/(kgK))]

in liquid state [2.51 (kJ/(kgK))]

484 = VOL. 48, No 2, 2020

The photograph of Modified Solar Still (MSS), i.e.
the CSS augmented with wax filled finned cups is
shown in Figure 6.

T

{
L

Figure 6. Photograph of finned cup with wax covered with
LLDPE

Five K-type thermocouples (K 7/32-2C-TEF) were
deployed in the still for the measurement of atmos-
pheric, inner glass, outer glass, water, and basin tempe-
ratures in CSS, whereas six thermocouples are deployed
in MSS. Different temperatures were recorded with the
help of DTC324A-2 temperature indicator during the
experimentation. LX-107 solar power meter has been
used to measure incident solar radiation during the ex-
perimentation. For the measurement of distillate output
a graduated cylinder has been used respectively. Photo
graph of full experimental setup is shown in Figure 7.

y

Figure 7. Photograph of finned cup with wax covered with
LLDPE

In the experimentations it is assumed that the data is
distributed uniformly so, Type B uncertainties are consi-
dered. In this type, the standard uncertainty is evaluated
as [38]:

u=al/3 )

where, a is the accuracy of the measuring instrument.
Table 2 represents the accuracy, range, and standard
uncertainty of the measuring instruments.
Each experimental run is of 48 h time duration.
Thirty kg of brackish water is maintained in the
basin area of solar still throughout the experimentation.
Following observations were made during experiments:
e Atmospheric, basin, water, inner glass, outer
glass, and finned cup temperatures.
e Intensity of incident solar radiation on inclined
glass cover.
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o Distillate output at an interval of one hour.

Table 2. Accuracy, range and standard uncertainties of
measuring devices

Instrument Accuracy Range Standard
Uncertainty
Solar Power 419 w/m?  0-1999 5.77 Wim®
meter W/m?
Thermocouple  +( [oC -100- 0.06°C
100°C
Graduated +1 ml 0-250ml 0.6ml

Cylinder

3. MATHEMATICAL BACKGROUND

To understand the physics behind a particular thermo-
dynamic system, one should always write the governing
equations which can define the system holistically. For
the solar still in current study, following assumptions
are considered to develop the energy balance equations:

e Leak proof solar still.

e Side, and bottom heat loss from still are neg-
lected.

e The water, glass, basin, and finned-cup tempe-
ratures have very insignificant variation spatially.

e System is in quasi-equilibrium condition bet-
ween two successive readings during the
course of time.

e  Wax filled metallic finned-cup is considered as
one combined system. This is in immediate
consequence of third assumption.

e Neglecting the shadow effect.

3.1 Solar still with finned-cup (MSS)

Based on the above mentioned assumptions, energy ba-
lance equations for different sections of MSS can be
written as follows:

3.1.1 Glass cover

Based on the Figure 8, the energy equation is as follows:

(h +hcg)A T,-T)= la, A, +h, (T, -T)HA, +
rad conv ETA
(hc—>g +hc—>‘g )(Tc _Yl‘i )Ac
I
qglass—)air

a,l

qcup —glass qwater —glass
(]

Figure 8. Energy balance of glass cover with finned-cup
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3.1.2 Saline water

Based on the Figure 9 the energy equation is as follows:

aT

(MC),, o G (T, =T,)4, +
hey (T, =T A" —hy (T, —T,)4,
(o} )
qwaler—)glass
qcup—)water ang ]
s qbasm%water
7,71

Figure 9. Energy balance of saline water with finned-cup
3.1.3 Basin liner

Based on the Figure 10 the energy equation is as follows:

TT[

qcup—)ba sin qba sin—>water
; T, T i

qbasin—)atm

Figure 10. Energy balance of basin liner with finned-cup

7,7, 14, + B (T ~T,) A = (T, ~T,) 4,

c—b

where, ¢, . .. =0 (because of second assumption).

3.1.4 Finned-Cup

Based on the Figure 11 the energy equation is as follows:

dT,
(MC)C mpz'glAET W

(hrad n hconv )T, — i)AcETA peonv (T, _Tw)AcETA _

c—>g —g cHw

e (T, —T,,) AL

Above equations are for the case when the cup is
discharging (i.e. gaining energy from incident solar
radiations) of cup the direction of energy interactions
from cup just changes their sign, and rest of the equa-
tions mentioned above will remain same.
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ﬁ/ \\= qcup—)water
e wTwt gI
q.cup—)basin

Figure 11. Energy balance of finned-cup

3.2 Solar still without finned-cup (CSS)
3.2.1 Glass cover

Based on the Figure 12, the energy equation is as
follows:

(hrg +th)Ag(TCi _Ta) = ]agAg +h1w(Tw _Tci)Aw

I .
M q glass—air
Ygl
1

e

qwater—) glass

Figure 12. Energy balance of glass cover without finned-cup
3.2.2 Saline water

Based on the Figure 13 the energy equation is as
follows:

dT,
(MC)WT;V = aWTWIAW +h1(Tb _TW)Ab +

hlw(Tw _Tci)AW

qwater% glass

qba sin—>water
7,71
Figure 13. Energy balance of basin water without finned cup
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3.2.3 Basin liner

Based on the Figure 14, the energy equation is as follows:
angTwIAb =h(T,-T,)4,

The convective heat transfer rate is proportional to
the temperature difference of water and glass, and the
constant of proportionality is convective heat transfer
coefficient, as written below:

Gew = hcw(Tw _Tci)

Grashof number (Gr) infer the flow regime in the
cases where fluid motion is solely caused by natural
convection currents. The relation between Nu, Gr, and
Pr number is as follows :

h..d
Nu= % = C(Gr.Pr)"

7,7,

qbasin —>water

a7l

qbasinaatm

Figure 14. Energy balance of basin liner without finned-cup

The thermo-physical properties of moist air are cal-
culated using property relations reported by Tsilingiris
[39]. Numerical values of C and n are required to eva-
luate A,,.Many theoretical models are there to calculate
the numerical magnitude of C and n. For theoretical
analysis, authors have used the model proposed by
Kumar and Tiwari [40] in this manuscript, which is
based on linear regression analysis, as it is not limited to
Gr range. It takes in the distillate yield, solar radiation
intensity, water, glass and ambient air temperatures as
an input, and returns the values of C and n as output.
The values of C and n from this model are as follows:

N DXy
NY x* =3 x)?
c-ou| 222

Once A, is known 4., can be evaluated as [40]:

P —P.
Ry :0.016273><hcwu
w ™ Lci

thereafter, the theoretical distillate yield can be written as:

o (T,, = T,;)x 3600

m
ew
L

The radiative heat transfer coefficient from water to
inner glass surface is evaluated as follows [20]:
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Figure 15. Variation of solar radiation intensity on glass cover as a function of time
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Figure 16. Variation of ambient, water, inner glass and finned-cup temperatures as a function of time
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Figure 17. Variation of water and inner glass temperature difference as a function of time
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Figure 18. Variation of evaporative heat transfer coefficient as a function of time
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Figure 19. Variation of evaporative heat transfer coefficient as a function of time
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(T, +T,; +546.2)

oy ><0'><((TW +273.15) +(T,, +273.15)2)x

1 1 1
where, — = — + — 1]
geff gw gci
The overall heat transfer rate from water to inner

glass surface can be written as:
q.water—>glass = 6?ew + qCW + Qrw = hlw x (Tw - Tci)
Energy fractions, which can be used to find out the

most influential mode of heat transfer within the still,
and are evaluated as follows:

Fe
F,

w = Gpw ! qwater—)glaxx

w =Gew ! qwater%glass;ch = ey /qwater%glass;

The overall efficiency of a solar still is defined as
the ratio of thermal energy required to obtain a specific
amount of distillate output to that of total solar energy
as input, and mathematically it is written as [20]:

m,., x L
7 = D (it x L)

S (1) % 4, x3600) x100

4. OBSERVATIONS, RESULTS AND DISCUSSION

Figure 15 shows the variation of solar radiation intensity
with respect to time during the experimentation. For the
first day (i.e. 25/02/2019), at the start of the experiment,
the solar radiation recorded was 416 W/m? which
attains a maximum value of 1156 W/ W/m? at 13:00 h,
and decreases to 0 W/m® by 19:00 h. Whereas, the
maximum values of incident solar radiations recorded
on the second day (26/02/2019) of continuous
experimentation was 1113 W/m? at 13:00 h. Thereafter
it reduces and attains a minimum value of 0 W/m® by
19:00 h and maintains it till next day morning

490 = VOL. 48, No 2, 2020

(27/02/2019). At the end of the experiment (8:00 h) the
recorded solar radiation intensity was 140 W/m”.

Figure 16 shows the hourly variation of ambient,
water, inner glass, and wax filled finned-cup tempe-
ratures for CSS and MSS. At the start of the experiment
(i.e. at 9:00 h on 25/02/2019), the condensing cover
temperature has been recorded as 43.3 and 65.8% higher
than the basin water temperature, for CSS and MSS
respectively. Whereas for the next day (26/02/2019), at
the same time inner glass temperature shows an upsurge
of 50 and 61.2% over water temperature for CSS and
MSS respectively. For both the days, after 12:00 h, the
water temperature takes the lead and maintains it
throughout the experimentation till 8:00 h next day. For
CSS, the maximum recorded water temperatures are
63.6°C (first day) and 60.5°C (second day) at 15:00 h,
which are 9.28 and 14.37% higher than the inner
condensing temperature respectively, at ambient tempe-
rature of approximately 26°C. Whereas for MSS, the
maximum water temperatures recorded (at 15:00 h) are
61.1°C (first day) and 58.4°C (second day), which are
8.14 and 12.31% higher than the inner glass temperature
respectively. The reason for water to attain the highest
temperature 2 h later (at 15:00 h) than the maximum
solar radiation (at 13:00 h) is that: the heat capacity of
water (in CSS), and water & wax filled finned cups (in
MSS) will not allow water to increase its temperature
instantaneously with the solar radiation. It is seen that
finned cup temperature (7,) increases with time due to
the increased heat transfer rate by convection from the
surrounding water and solar radiations to the finned cup
as the solar radiation intensity increases. The wax
started to melt after 6 h (at 15:00 h), from the beginning
of still exposure to solar radiation, for both the days.
Subsequently, T, remains nearly constant until it melts
completely; then, it decreases slowly with time after
sunset when the discharging process of the energy
stored by the wax begins. However, the temperatures of
the basin water and glass cover of the still decrease
much faster with time due to decrease in the ambient
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temperature. This causes a significant temperature
difference between water and cup till late night for both
dates. By looking at the trend it is eminent that from
9:00 h till 18:00 h the finned-cup is charging and then it
discharges its energy to the water.

Figure 17 shows the variation of AT throughout the
experiment for both the stills (i.e. MSS and CSS). It is
apparent that during morning hours glass receives the
radiation first and its temperature increases faster in
contrast to the temperature rise of water which results in
negative AT. The AT remains negative till water tempe-
rature does not overtake glass temperature. The Maxi-
mum positive temperature difference of 12.6 and 12.1°C
has been recorded between water and inner glass at
15:00h for MSS whereas, for CSS it is 9.1 and 8.1°C at
19:00 h for first and second consecutive days respec-
tively.

The variation of evaporative heat transfer coefficient
with respect to time for MSS and CSS is shown in
Figure 17. It has been observed that MSS leads CSS
throughout the experimentation except at 13:00 h where
CSS leads MSS marginally by 2 and 4.4% for day one
(25/02/2019) and two (26/02/2019) respectively. The
reason for this rise may be the AT (Figure 16), which is
just crossing the zero line for MSS at 13:00 h.
Augmenting CSS with the finned cups (MSS) has lead
to an appreciable improvement in 4., from 14:00 h till
8:00 h next day, for both the days. On first day, at 9:00
h, A, evaluated for MSS is 59.13% higher than that of
CSS. MSS maintains its lead till 12:00 h but, at 13:00 h
CSS take over MSS as this is the time when AT cross
over zero line. Thereafter, A, for MSS takes its lead
over CSS and attains a maximum value of 32.65 W/m’K
at 15:00 h. From 15:00 h till 10:00 h on second day,
MSS maintains its lead, thereafter CSS takes over MSS
till 14:00 h. The maximum value of #,, attained by
MSS on second day was 29.48 W/(m’K) at 15:00 h.
After 15:00 h till the end of experimentation, similar
trend has been observed. Over all, there has been an
improvement of 15.63% in the value of #,,, for MSS in
comparison to CSS.

The variation of convective and radiative heat transfer
coefficients for CSS and MSS are shown in Figure 19 and
20 respectively. There has been a significant impro-
vement in the value of #,, due to presence of wax filled
finned cups. For both CSS and MSS a sharp discontinuity
in the nature can be seen at points 5, 24, 29 and 48, this is
due to the very small value (very much close to zero) of
AT at these points. Maximum value of 4., for MSS is
obtained at 18:00 h in both the days, where MSS leads
CSS by 31.09 and 31.78% for day one (25/02/2019) and
day two (26/02/2019) respectively. Augmenting CSS
with wax filled metallic finned-cups have improved the
h,, for MSS by 16.95% over CSS. During the
experimentation it has been observed that average value
of A,,, for MSS leads over CSS by 1.3%.

As already discussed in equation 17, the overall heat
transfer coefficient is the cumulative impact of evapo-
rative, convective, and radiative heat transfer coef-
ficients. So, to understand the behaviour of total heat
transfer from water to glass, Figure 21 depicts its vari-
ation as a function of time. At 9:00 h, A,,, evaluated for
MSS are 21.9 and 17.7% higher than CSS for day one
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(25/02/2019) and day two (26/02/2019) respectively.
The maximum values of #,, evaluated for MSS are
42.56 and 38.44 W/m’K at 15:00 h for day one and day
two respectively. After 24 h for both days the value of
h,,, for MSS leads CSS by 17.3 and 27.9% respectively
for day one and two respectively. The average value of
h,,, for MSS is evaluated to be 11.7% higher than CSS.

Energy fraction has been calculated based on equation
19, and their variation as function of time is shown in
Figure 22. The maximum contribution is of evaporative
heat transfer coefficient, followed by radiative, and least
contribution is of convective heat transfer coefficient. The
augmentation of finned-cups to CSS have a considerable
improvement in the evaporative and radiative energy
fractions (as these are the only dominating mode of
energy transfer in still). After 1:00 h in the night for both
the days, the evaporative and radiative energy fractions
change their nature: due to decreasing temperature dif-
ference between water and glass temperatures.

For 48 h observation, the distillate yield recorded
from MSS is 22.44 % higher than CSS viz. 5.932 I/m’.
Figure 23 shows the variation of distillate yield from
CSS and MSS as a function of time. Table 3 gives the
comparative view of cumulative yield recorded during
the shine and the off-shine hours for day one and two
(from 9:00 h (25/02/2019) till 6:00 h (27/02/2019)).

Table 3. Cumulative Distillate yield (in ml) recorded at shine
and off-shine hours for day one and two

Type of still Day one Day two
Day Nocturnal Day  Nocturnal
CSS 1864 690 1604 680
MSS 1741 1414 1593 1140

From Table 3 it is clear that the distillate yield recorded
during day time (shine hours) is slightly lower for MSS
whereas, for night time (off shine hours) it is much
higher for MSS in comparison to CSS. For day one the
recorded distillate yield for MSS lags by 7.06% during
shine hours and leads by 104.92% during off-shine
hours in comparison to CSS. Whereas for the second
day, the MSS lags by 0.7% during shine hours and leads
by 67.65% during off-shine hours in comparison to
CSS. The higher value of distillate output in night time
is due to the energy discharging from the wax filled-
finned cups.

Figure 24 shows a bar graph which depicts the
overall efficiency of CSS and MSS during 48 h of
experimentation. It shows that the augmentation of CSS
with the wax filled metallic finned-cups has consi-
derably improved the overall efficiency of MSS by
24.64% in compared to CSS.

5. CONCLUSION

Two identical conventional solar stills were experi-
mentally and numerically investigated under Guna
(24°39°N, 77°19’E, India) weather conditions. Twelve
wax filled metallic finned-cups were placed in one still
(called MSS) to enhance the internal heat transfer
coefficients along with distillate output. Experiments
were carried out for continuous 48 h, with different
experimental sets spread over the month of January and
February of 2019. On the basis of experimental and
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theoretical analysis of CSS and MSS, following conclu-
sions can been drawn:

e Distillate output of MSS is enhanced by 22.44%
due to the augmentation of wax filled metallic
finned-cups.

e During nocturnal hours the distillate yield
recorded from MSS is higher by 104.92 and
67.65% in comparison to CSS for day one
(25/02/2019) and day two (26/02/2019)
respectively (due to the presence of wax filled
finned-cups covered with LLDPE) .

e The average evaporative heat transfer coeffi-
cient from water to inner condensing cover of
MSS has been evaluated as 15.63% higher as
compared to CSS.

e It has been observed that the convective heat
transfer coefficient from water to inner con-
densing cover of MSS improved by 16.95% as
compared with the CSS.

e The augmentation of wax filled metallic fin-
ned-cups with the CSS has improved the
internal efficiency by 24.64%
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NOMENCLATURE
A4, basin area (m”)
gbase total area of cups exposed to basin
¢ (m?)
4ETM total area of cups exposed to air
¢ (m?)
SETV total area of cups exposed to water
¢ (m?)
Ag glass cover area (m”)
A, evaporative surface area (mz)
c specific heat capacity at constant
P pressure (J/kg K)
C constant
d characteristic length of solar still
(m?)
F., convective heat transfer fraction
F,, evaporative heat transfer fraction
E., radiative heat transfer fraction
g acceleration due to gravity (m/s”)
Gr Grashof number
h convective heat transfer coefficient
& from glass to air (W/(m’K))
convective heat transfer coefficient
ow from water to glass (W/(m’K))
Jpeond conductive heat transfer coefficient
eb from cup to basin (W/(m’K))
Jeom convective heat transfer coefficient
g from cup to glass (W/(m’K))
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I’l rad

c—>g

h conv

coHwW

(.’.Iba sin—air
q'ba sin—>water
q.cup%bu sin
q.cup—> glass
q‘CW
q.cup—m’a ter
q.ew

q glass—air
.

q water— glass

ST

<ﬂ QH

radiative heat transfer coefficient
from cup to glass (W/(m°K))
convective heat transfer coefficient
from cup to water (W/(m’K))
evaporative heat transfer coefficient
from water to glass (W/(m’K))
radiative heat transfer coefficient
from glass to air (W/(m’K))
radiative heat transfer coefficient
from water to glass (W/(m’K))
convective heat transfer coefficient
from basin to water (W/(m’K))
total internal heat transfer
coefficient from water to glass
(W/(m’K))

incident solar radiation on inclined
cover surface (W/m?)

thermal conductivity of humid air
(W/(mK))

latent heat of vaporization (J/kg)

distillate output (kg/m’h)

heat capacity of water (J/K)

Total heat capacity of wax filled
finned cup (J/K)

Constant

Nusselt number

saturated vapour pressure on inner
glass surface (Pa)

total atmospheric pressure (Pa)
saturated vapour pressure on water
surface (Pa)

Prandtl number

Heat transfer rate from basin to air
(W/m?)

Heat transfer rate from basin to
water (W/m?)

Average heat transfer rate from cup
to basin (W/m?)

Average heat transfer rate from cup
to glass (W/m®)

Convective heat transfer rate from
water to glass (W/m?)

Average heat transfer rate from
water to glass (W/m?)

evaporative heat transfer rate from
water to glass (W/m®)

Heat transfer rate from glass to air
(W/m?)

Radiative heat transfer rate from
water to glass (W/m®)

Total heat transfer rate from water
to glass (W/m?)

time (s)

ambient temperature (°C)

average temperature of finned-cup
O

inner glass cover temperate (°C)

average temperature of moist air
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Y®)
T, Temperature of water surface (°C)
u Standard Uncertainty
Greek symbols
a absorptivity of basin
o absorptivity of glass
w absorptivity of water
B expansion factor (K™
AT effective temperature difference (°C)
n; instantaneous thermal efficiency

u dynamic viscosity of humid air (kg/(ms))
p density of humid air (kg/m’)
o Stefan Boltzmann constant (W/m’K*)

Ty transmissivity of glass
Ty transmissivity of water
” emissivity of water
i emissivity of glass
Eoff Effective emissivity
Abbreviations
ANN artificial neural network
CSS conventional solar still
FRP fiber reinforced plastic
LLDPE linear low density polythene
MSS modified solar still
PV photovoltaic

KOMITAPATUBHA EKCIIEPUMEHTAJIHA
EBAJTYAIIMJA KOHBEHIITMOHAJIHOI'
COJIAPHOI JECTUJIATOPA N
JAECTHJIATOPA CA JOJATHUM METAJTHUM
PEBPACTUM IIOJbAMA NCITYIBEHUX
BOCKOM

II. Aymka, I.P. Mumpa

CBe Mama KOJWYHMHA BOJE 32 Tuhe mpecTaBiba BEIHKH
mpo0JieM 3a IIe0 CBET, a MOCeOHO 3a 3eMJbe Y Pa3Bojy.
ConapHM JAECTWIATOPH Cy TMOroJHMA 3a jedTHHY
npou3BoAmy nMjahe Boge, HApPOYUTO Yy CYLIHUM
npenenuma. Jla 6u ce mosehana mpomsBoama mujahe
BOJIE y COJIAPHUM JECTHJIATOPUMAa M WCKOPUCTHIIA Jia-
TEHTHa TOIIOTa, OWO je moTpebaH Marepujal 3a
CKIIQMIITeHe. Y Ty CBpXY MCKopuIIheHe Cy MeTallHe
pebpacTe 110Jb€ HCIYHEHE BOCKOM.

Pan mpukasyje ucTpaxuBama (SKCIIEpHMEHTAIHA |
TeopHjcKa) meppOopMaHCH KOHBEHIIMOHATHOT COJAPHOT
JIecTiiatopa y Koju cy yrpajeHe meramHe peOpacre
LI0JbE HCIyHeHEe BOCKOM. [IOJBCKHM EKCIIepUMEHTH Cy
o0aBjbeHM ca o00a Tuma JecTWiaropa (KOHBEHIIH-
OHAJIHUM M ca J0/IaTKOM) Yy jaHyapy u ¢ebpyapy 2019.
ronuHe y Parorapy, I'yaa (24°39° N, 77°19° E) y
Wuguju. Monen nuHeapHe perpecuje Kymapa u
Tusapuja je xopumthen 3a eBamyauujy nepdopmaHcu
o0a nectuiaropa.
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VTBphen je mopact koeduiMjeHaTa IpeHOCa TOILIOTE [UOHAJHMM JECTHIATOPOM. YKyMHa HCKOpUIINEHOCT
€BaIlopalijoM M KOHBEKIHjoM ox 15,63 mo 16,95% xox JecTWIaTopa ca IIoJbama je Iopacia 3a 24,64% y
JecTHIaTopa ca Iojbama y mopehemy ca KOHBEH- OIHOCY Ha KOHBCHIIMOHAIIHH JECTUIIATOP.
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