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ABSTRACT

A conventional single basin solar still and modified unit with finned-basin liner were
constructed and investigated experimentally and theoretically. The stills were tested
outdoors on typical days of June 2014 under Tanta prevailing weather conditions (Lat. 30°
47 N, Egypt). The energy balance equations of the considered stills were formulated and
solved analytically. Suitable computer programs were prepared for optimizing and predicat-
ing the thermal performance of the considered systems. Comparisons between experimental
and theoretical results were performed. Comparisons of the obtained results with those pre-
sented in previous studies were also made. The daily productivities of the conventional and
modified stills were found to be 4.235 and 4.802 (kg/m?* d) with daily efficiencies of 42.36
and 55.37%, respectively. The convective heat transfer coefficient from the finned plate was
increased by 3.6 times compared to the case without fins. The agreement between measured
and calculated daily productivity is fairly good. The cost of 1L of distillate water was

found to be 0.28 LE.
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1. Introduction

Water is essential for all life forms on the earth,
plants, animals, human, etc. The demand of the fresh
water is increasing due to population growth and
rapid industrialization. Ocean is the only available
source for large amount of water. But the ocean water
contains high salinity, so it needs to desaline the
water. Desalination methods use large amount of
energy (fossil fuels) to remove a portion of pure water
from a salt-water source. A solar still is a device,
which is widely used in solar desalination process to

*Corresponding author.

produce potable water from brackish and saline water
using solar energy [1].

Solar stills were widely used in solar desalination.
The productivity of single effect solar stills is relatively
low. To augment the productivity of the single effect
solar stills, researchers from all over the world had
tested a number of designs and modifications. The
various factors affecting the still productivity such as
glass cover slope, base insulation, basin water depth,
and dye, besides the climatic factors such as solar
radiation, wind velocity, ambient temperature, and
many other operating factors were investigated.
Mathematical modeling, theoretical analysis, and com-
puter simulation of different designs of solar stills had
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been presented in a number of articles [2-29]. Many
researchers had investigated the effect of solar radia-
tion on productivity, and their results indicated that
the still productivity increases with increasing incident
solar radiation [2]. A very simple method for increas-
ing the absorption of the basin water is to add dye to
the basin water. Results showed that the black dye is
the best absorbing material to increase the still pro-
ductivity [6]. Many studies [11,15] presented the effect
of water flowing over the glass cover on the perfor-
mance of a single basin solar still. The basin water
depth is having significant effect on productivity of
the basin solar still, where it was found that the day-
light productivity decreases with an increase in water
depth and the reverse is the case overnight due to the
increased heat capacity of basin water with increasing
depth [16].

In previous work, fins were used for increasing
heat transfer rate from the basin liner of the still to the
basin water. Velmurugan et al. [19,30] used fins for
increasing the productivity of a liquid waste still
where the single basin solar still was integrated with
fin, black rubber, sand, pebble, and sponges. It was
found that the evaporation rate increased by about
53% when fins were integrated at the basin plate. Per-
formances of finned and corrugated absorber solar
stills were also studied by Omara [27]. It was found
that at quantity of saline water of 301, the productiv-
ity increased approximately by 40 and 21%, respec-
tively, when finned and corrugated basin liners were
used. The thermal performance of an ethanol solar still
with finned plate was carried out by Ayuthaya et al.
[31]. A basin solar still was integrated with a set of
finned plate fitted in the still basin for distillation of a
10% V/V alcohol solution. It had six stainless-steel
fins (fin size was 0.04 m®x 0.7 m’x0.001 m%) inte-
grated to a black absorber. The results showed that
the productivity of the modified solar still was
increased by 15.5% compared to that of a conventional
still (CS) [31]. Winter and summer performances of
single sloped basin type solar still integrated with
extended porous fins were studied by Srivastava and
Agrawal [32]. The porous fins were made up of black-
ened old cotton rags partially dipped in the basin
water, while the rest part of the fin extends above the
basin water surface. Fifty-six percent higher daytime
distillate and 48% higher for 24 h duration was
obtained in the month of February over the CS.

Many factors affect the cost of distillate obtained
from a solar desalination unit. Both capital and run-
ning (and so the total) costs are influenced by the unit
size, site location, feed water properties, produced
water quality, qualified staff availability, etc. The main
economic advantages of solar desalination should not
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require much infrastructure, and it is simple to locally
design, install, operate, and maintain. The better
economic return on the investment depends on the
production cost of the distilled water and its
applicability [33-35].

The main purpose of this work is to design, fabri-
cate, and investigate the thermal performance of a
finned-basin liner single effect solar still. A transient
mathematical model of the still was formulated to
optimize the still performance. For the first time in the
theoretical analysis, the effect of the fin shadow on the
amount of solar radiation received by the still basin
was taken into consideration. The performance of the
modified still was compared with that of the conven-
tional basin type solar still of identical dimensions
and materials. Comparisons between experimental
and theoretical results were performed. Comparisons
of the obtained results with those presented in previ-
ous studies were also made. The cost analysis of the
FBLS and CS has been performed on the basis of the
prices of the raw materials (according to the Egyptian
market) used in their construction.

2. Construction of solar stills
2.1. Conventional still

The CS is a single slope single basin solar still with
a basin area of 1 m?. The depth of the high-side wall
of the still is 55 cm and the low-side height is 25 cm,
as shown in Fig. 1. The whole basin surfaces were
coated from inside with black paint to increase the
absorptivity of solar radiation. The still was insulated
from the bottom and side walls with foam (5-cm thick)
to reduce the heat loss from the still to ambient air.
The insulation layer was supported by a galvanized
iron frame with thickness 0.1 cm. A black painted cop-
per sheet (0.1-cm thick) was used as the still absorber
plate. Since the still was investigated on typical sum-
mer days, the basin was covered with a glass sheet of
0.4-cm thickness inclined at 15° with horizontal, to
maximize the amount of solar radiation incident on
the still cover. The whole experiment setup was ori-
ented to face south to receive maximum solar radia-
tion. Fig. 2 shows a photograph of the constructed CS.

2.2. Finned-basin liner still

The CS was integrated with metallic fins (perpen-
dicular to the distillate channel) to be used as extended
surfaces. The fins were used to increase the basin liner
surface area and improve the rate of heat transfer to
the basin water. The finned-basin liner still (FBLS)
(shown in Fig. 3(a)) has the same construction materi-
als and dimensions of the CS except the flat copper
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Fig. 1. A schematic of the CS.

Fig. 2. A photograph of the constructed CS.

absorber was replaced by a black painted finned absor-
ber with 14 fins. The fin has 4-cm height, 0.1-cm thick,
and 6-cm pitch (the distance between two successive
fins). Fig. 3(b) presents detailed dimensions of the fins.
Fig. 4 shows a photograph of the modified still with
fins (FBLS). Fig. 5 presents a photograph of the finned
plate showing the shadow of the fins.

3. Mathematical models

The transient mathematical models of the conven-
tional and modified stills are based on writing the
energy balance equations for the various components
of the stills. The energy balance equations of the basin
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liner, basin water, inner and outer surfaces of the glass
cover of the CS were formulated and solved in a
previous work [36]. However, in order to write the
energy balance equations of the modified still (FBLS),
the following assumptions are made: (i) Since the heat
capacities of glass and foam are lower than that of
water, the heat capacities of the glass cover and
insulation are negligible. (ii) There is no temperature
gradient across the basin water. This assumption is
justified by taking a shallow depth of basin water of
4 cm. (iii) The side losses and glass reflectivity are
negligible (the stills were insulated with 5-cm foam).
(iv) The solar distiller units are air and vapor tight
where the silicon rubber was used as a sealant during
the construction of the stills.

3.1. For the outer surface of the glass cover

UgAg (Tgl'-,f - Tgo.,f) = hcgoaAg (Tgof - Ta)
+ hrgosAg (Tgo,f - Ts) (1)

where U, is the conductive heat transfer coefficient

from inner to outer surface of the glass cover, given by:

Uy = Ky /x, (1a)
3.2. For the inner surface of the glass cover
ItOCgAg + h1Ag (Tw’f — Tgi7f) = UgAg (Tgivf - Tgo,f) 2)
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Fig. 3. (a) A schematic of the finned-basin liner still (FBLS) and (b) Detailed dimensions of the fins.

Fig. 4. A photograph showing the modified still with fins
(FBLS).

where I is the global solar radiation intensity incident
on the still cover. i1 = (g + Hewgi + Hewgi) s the total
internal heat transfer coefficient from the basin water to
the inner surface of the glass cover and hyygj, ficwgi, and
hewgi are calculated using Dunkle correlations [37].

3.3. For the basin water

The fin shadow affects the amount of solar radia-
tion received by the still basin; therefore, when writing
the energy balance equations of the basin water and

Fig. 5. A photograph showing the shadow area of the fins.

finned absorber of the FBLS, the fins shadow areas
must be taken into account. In this work, the method
described by Jaefarzadeh [38] was used to calculate
the fins shadow area (Ag,). The shadow area due to
one fin is given by the following equation [38]:

Agn = Hilg sin ¢ + Helg, cos ¢ — lfh sin ¢ cos @ 3)
with
¢ = sin"(cos 0,/ sin 0;) (3a)
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where H; is the height of the fin and Iy, is the shadow
length of the fin. The formulas used for calculating the
shadow area of the fins Ay, are given in the Appendix
A. The total shadow area of the fins (Agny is,
therefore,

Aghy = 17 Ash 4)

where ¢ is the number of fins. On the basis of the
above method used to calculate the shadow area,
the energy balance equation for the basin water may
be written as:

Lo Awerr + 13 (Tpr — Tor) = hAy (Tws — Teix)

dwa
ar ®

+ 1y Cy
where A,y eff = Aw — Aqnyt is the unshaded area of basin
water surface in the presence of fins and i3 is the
convective heat transfer coefficient from the finned-
basin liner to basin water given by the following
formula:

h3 = (hp.efpr,eff + hcfwAfnf) (6)

where h, ¢ and hegy are the convective heat transfer
coefficients, from the effective area of the basin liner
Ap eff and fins surfaces with area Ay, respectively. hp o
and s, are given by the following equations [39]:

By eft = 0.54% (Gr - Pr)"/* (6a)
and
~1/4
Ky 1/4 ( 1 >2
hefw = 0.8—(Gr - P 1+(1+— 6b
fi i (Gr - Pr) N (6b)

where Ap o = nePi is the effective area of the plate
with fins. A; = 2nH; is the total surface area of the
fins. #; is the fin efficiency given as [40]:

. tanh 2hchHf/Kfo

= 7
e 2thWHf/Kfo ( )

where K¢ and x; are the thermal conductivity and
thickness of the fin. dy, = m,,/p.,A,, is the depth of the
basin water.

3.4. For the finned basin liner

The energy balance equation of the finned basin
liner is given as
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TaTwOplpr = hi3 (Tpf - Tw,f) + UbAp (Tpf - Ta)
dT,
+ mprp d—:f (8)

where [ is the total solar radiation incident on the
finned basin liner calculated as follows:

A A
Ipf — <If,w é) + (Ifﬁe 7f> + (ItAp,etT,sh)

where I;,, and I;, are the total solar radiation intensi-
ties incident on west and east surfaces of the fin,
respectively. m, is the total mass of the basin liner m,
and fins m¢ given by the following equation:

(8a)

My = 1y + mg = p, (Apxy + nelHexe) (8b)
From Egs. (1) and (2), we get:
hc 0a hr os s U, Ty
Toor = goaT, + /lrg + Uslgir ©)
hy
and
Tgiﬁf _ UngOTf + Itocg + thWTf (10)

Uy + I

where hy = Ug + Negoa + rgos is the total external heat
transfer coefficient. Substituting Tg,¢ and Tgi¢ and
using Eqgs. (9) and (10) and Egs. (5) and (8) may be
simplified as

dTy
My =gt = —ai Ty + Ty + X(1) (11
and

dT
]\/Izd—if’f = —ayTpr + h3Tw s + Y(£) (12)

The coefficients of Eqgs. (11) and (12), viz. M, My, a4,
ap, X(t), and Y(t) are given in the Appendix B. Egs.
(11) and (12) are solved analytically using the elimina-
tion technique [41], assuming that X(#) and Y(t) have
average values X(t) and Y(t) over a time interval from

zero to t and may be treated as constants. X(¢) and
Y(t) are functions of solar intensity and ambient tem-
perature. The values of solar intensity and ambient
temperature have been measured for specified time
intervals and then their average values are calculated
to be used for numerical calculations. Also, the heat
transfer coefficients remain constants over the selected

time interval [42]. From Egs. (11), we have:
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dT,,
Tor = — | My —1

h3 d + a Tw,f - m

(13)

By substitution of Ty from Eq. (13) into Eq. (12), one
may get:
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1
T = I CleAJ(MlAJr +a)
3 (21)

+ Coe™ ' (M1A- +a1) + a1 Tpar — X(t)}

Applying the initial conditions, Eq. (18), into the last
two equations, the constants C; and C, are obtained as:

d%Ty ¢ dTy oy
MMy ——+ dt2 Lt (Mpay + Miay) dt L4+ (a1az — 13) Tz [TW,ﬁ(NhA_ ) = Tyghs — MyA_Tour — 7X(t)}
=mX(t) + hsY(¢ C =
2 X(t) + B3 Y(£) 1 Mi(A_ —AS)
(14) (22)
and
The general solution of Eq. (14) may be given as [43]:
o s e, LTt~ ToaMids & a1) + MiA. T + X0
w,f — 4 comp + par 2 = M1 (A, — A+)
where Teomp is the complimentary solution and Tp,, is (23)
the particular solution. The complimentary solution is o ) )
given by: The hourly productivity of the FBLS is defined as:
3
Teomp = C1*" + Coe?! (16)  Phs = hewgi (Tw,r — Teir) X 7L600 (24)
with
—(M2a1 +M1a2) + \/(Mzﬂl)z + (M]ﬂz)z — 2M1M2((11L12 — 2]1%)
AL = (17)

2M1 M,

where C; and C; are constants to be determined using
the following initial conditions at f = 0.

Tw.,f = Tw,ﬁ and Tpf = Tpﬁ (18)
where T, g and Ty are the initial temperatures of the
basin water and basin liner, respectively. Since the
nonhomogeneous portion of Eq. (14) is a constant, Tpa;
may also be assumed to be a constant [43]. Substitut-

ing Eq. (15) into Eq. (14) we get:

_ mX(H) +hsY(H)

ar = 19
P may — 3 (19)
The general solution of the Eq. (14) then becomes

Ty s = Cie™" + Coe™ ' + Thyr (0)

Then Tp¢ from Eq. (13) can be obtained as

The daily productivity and efficiency of the FBLS can
be written as:

Par = th,f (25)
24h
and
_ (Pd.fLav)
Nafr = [m X 100% (26)

where L,, is the daily average of the latent heat of
vaporization of water and At is the time interval dur-
ing which the solar radiation is measured.

4. Experiments and numerical calculations

In order to study the effect of climatic, operational,
and design parameters on the performance of the CS
and FBLS, experiments were carried out during typi-
cal days of June 2014. The system was oriented to face
south to maximize the solar radiation received by the
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still. The global solar radiation incident on a horizon-
tal surface was measured using an Eppley-Precession
Spectral Pyranometer (EPSP) coupled to an Instanta-
neous Solar Radiation Meter Model No. 455. Cali-
brated NiCr-Ni thermocouples connected to a FLUKE
73 digital multimeter were used to measure the tem-
peratures of different elements of the still every hour.
Two thermocouples were fixed in the basin water at
depths of about 1 and 3 cm to measure the average
temperature of the basin water. Other thermocouples
were fixed at the upper and lower surfaces of the
glass cover while another one was used to record the
temperature of the absorber plate. The ambient tem-
perature was also recorded using a mercury ther-
mometer. To carry out the various experiments on the
CS and FBLS, two models were constructed and tested
under the same outdoor conditions. The FBLS was
tested with 14 fins and depth of water of 4 cm.

To validate the proposed mathematical model,
numerical calculations were performed employing the
climatic conditions recorded during the experimental
test of the still; where a computer program was devel-
oped based on the solution of the energy balance
equations of the still elements. The various internal
and external heat transfer coefficients were calculated.
Hourly values of different temperatures and produc-
tivity of the still were then calculated. The following
values of the different parameters were used;
ag =0.05, 7, =0a,=0.83, a;=0.05 7,=0.36-0.08 In
(dy) [44], A, = A, =1m® A, =1.035m* when g =15,
xp =% =0.05m, x;=0.004m, x,=0.001m, kg =0.78
(W/m K), ky, =0.6405 (W/m K), k, = ks (foam) = 0.025
(W/m K), 0 =5.669 x 10"%(W/m?> K%, &g = 0.88,
V=2m/s, Cy =4,190 (J/kg K). The daily productivity
and efficiency of the still were then calculated using
Egs. (25) and (26).

4.1. Experimental uncertainty

In general, the result of any measurement of physi-
cal quantity must include both the value itself (best
value) and its error (uncertainty). The result is usually
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X = Xpest £ Ax (27)
where X 1S the best estimate of what we believe is a
true value of the physical quantity and Ax is the esti-
mate of absolute error (uncertainty). Errors and uncer-
tainties in the experiments can arise from instruments
selection, condition, calibration, environment, observa-
tion, reading, and test planning. In experiments in solar
still, the temperatures, mass of fresh water, and solar
radiation were measured with appropriate instru-
ments. During the measurement of these parameters,
the uncertainties that occurred were presented in
Table 1 and shown as vertical error bars in the curves
presented in Section. 5 “Results and discussions”. For
an experimental parameters x;, uncertainties estimation
was made using the following equation [45]:

W = zn:xlz
V =

5. Results and discussions

(28)

The conventional and modified stills are investi-
gated theoretically and experimentally on typical days
of June 2014. The obtained results are summarized in
the following sections.

5.1. Temperatures distribution

Hourly variations of the solar radiation incident on
the still cover I; as well as measured temperatures of
ambient T,, basin water T, basin liner T}, inner Tyg;,
and outer Ty, surfaces of the glass cover for the CS on
11 June 2014 when m,, =40 kg is shown in Fig. 6a.
From the results of Fig. 6a, it is seen that the solar
intensity increases with the time of day to show its
maximum value of 928.33 W/m? at 1.0 PM. The T,
Tp, Tgi, and T, are exhibiting the same behavior of
solar radiation with shift of peak positions due to the
thermal inertia of the still elements and basin water.

quoted in the form: The maximum values of Ty, T, Tg, and Tg,
Table 1

The uncertainties during the measurements of the parameters

Instrument Accuracy Range
Thermocouple +0.625°C 0-100°C
Ambient air temperature +0.5°C 0-100°C
Eppley-Precession Spectral Pyranometer +1.0 W/m? 0-1,200 W/m?
Productivity measurement +100¢g 0.1-600 g
Time measurement 0.016 min 60 min
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Fig. 6a. Hourly variations of solar intensity and measured temperatures for different elements of the CS on 11 June 2014.
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Fig. 6b. Hourly variations of solar intensity and measured temperatures for different elements of the FBLS on 24 June

2014.

are obtained as 70.25, 70.5, 66, and 58.5°C, respec-
tively. The basin liner temperature is slightly higher
than that of basin water during sunshine hours. These
results prove that the predominate mode of heat
transfer from the basin liner to the basin water is the
convective mode.

Fig. 6b presents variations of measured tempera-
tures of the finned plate still (FBLS) on 24 June 2014
when 7¢ = 14 and m,, = 40 kg (the depth of basin water
equals the fin height). From Fig. 6b, it is observed that
the solar radiation intensity increases with the time of

day to show its maximum value of 1,002.96 W/ m? at
1.0 PM. The temperatures of all elements of the FBLS
show similar behavior as those of the CS; except, there
is a shift of peak positions of basin liner and basin
water temperatures (as examples) compared with
those of the CS. The latter results are occurred because
the thermal inertia of the basin liner of the modified
still is higher that of than the CS; more material was
used for fabricating the finned basin liner. The maxi-
mum values of Ty, Tpg Tgis and Tgo¢ are obtained
as 75, 69.25, 64.5, and 57°C, respectively. It is obvious
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Fig. 7a. Comparisons between measured and calculated hourly productivity of the CS.
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Fig. 7b. Comparisons between measured and calculated hourly productivity of the FBLS.

that the modified still (FBLS) operates at higher tem-
peratures compared to the CS due to the increased
heat transfer area and heat transfer rate from the
finned basin liner to the basin water. The measured
daily productivities of the conventional and modified
stills are found to be 4.235 and 4.802 (kg/m?d) with
daily efficiencies of 42.36 and 55.37%, respectively.
The relative percentage improvement ratios in daily
productivity and efficiency are obtained as 11.8 and

23.5% when the conventional basin liner is replaced
by a finned plate basin liner.

5.2. Comparisons between experimental and theoretical
results

In order to validate the proposed theoretical
models, comparisons between measured and calcu-
lated hourly productivity P}, were performed.
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Fig. 8b. Comparisons between calculated values of Py and
for the FBLS when m,, = 20 kg.

Fig. 7a summarizes comparisons between mea-
sured and calculated P, of the CS on 11 June 2014
when m,, =40 kg. The maximum value of the mea-
sured P, equals 0.622 (kg/m” h) in comparison to
0.610 (kg/m” h) that obtained by numerical calcula-
tions for the day 11 June 2014. The daily average of
measured and calculated P), equals 0.313 and 0.320

the measured and calculated values of Velmurugan et al. [19]

(kg/m? h), respectively. The measured and calculated
daily productivity Py for the CS are calculated from
the values of P, to be 4.235 and 4.475 (kg/m”d),
respectively, with a relative percentage deviation
between theoretical and experimental result of 5.36%.
Comparisons between measured and calculated
hourly productivity P of the FBLS on 24 June
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Fig. 9. Comparisons of the measured and calculated accumulated distillate yield [19] with the present calculated values

for the CS and FBLS.

2014when n¢=14 and m, =40kg is presented in
Fig. 7b. The maximum value of the measured Py
equals 0.664 (kg/m? h) in comparison to 0.780 (kg/m?
h) obtained by numerical calculations. It is evident
from the results of Fig. 7a that the agreement between
measured and calculated productivities of the CS is
excellent; however, there is some difference between
measured and calculated productivities of the modi-
fied still may be due to the following reasons: (i) The
temperature distributions inside the basin water is
neglected, (ii) Uncertainties in the correlations used
for calculating different heat transfer coefficients and
solar intensity incident on the still cover, east and
west surfaces of the fins, (iii) Uncertainty in the
method used for calculations of the fins shadow area
may represent another source of error, and (iv) The
time required for preheating the still elements is not
taken into consideration in the mathematical analysis.

5.3. Comparisons with previous work

For further validation of the theoretical models
proposed for the CS and FBLS, comparisons between
the obtained theoretical results and those mea-
sured/calculated in previous work [19] are also made.

Fig. 8a shows comparisons between calculated
values of P, and the corresponding measured and
calculated values of Velmurugan et al. [19] for the CS
on 16 August 2006 when m,, = 20 kg. It is seen that the

values of Pj calculated using the present model for
the CS are in good agreement with those measured
and calculated values by Velmurugan et al. [19]. It is
found that the present calculated value of daily pro-
ductivity Pyg equalsl.79 (kg/m”d) compared to the
measured and calculated values of 1.88 and 2.07
(kg/ m?d) found in Ref. [19]. Comparisons between
our results and those measured or calculated values of
Velmurugan et al. [19] for the finned plate solar still
when n¢=5 and m,, =20 kg, are also made and the
results are presented in Fig. 8b.

It is found that the values of the daily productivity
P4 were calculated and measured by Velmurugan
et al. [19] for the FBLS are 3.09 and 2.81 (kg/m*d),
respectively, compared to our calculated value of Py
of 3.18 (kg/m?d). The relative percentage difference
between the present results and those of Velmurugan
et al. [19] is found in the range 2.8-11.6%.

Fig. 9 presents comparisons between measured
and calculated accumulative distillate yield of
Velmurugan et al. [19] and the corresponding values
of the calculated results obtained using the present
theoretical models for the CS and FBLS when
m,, = 20 kg. Again the agreement between our results
and those presented in the literature [19] is satisfac-
tory. The deviation between the present results of
accumulative productivity and Velmurugan et al. [19]
results due to the same reasons mentioned during the
discussion of Fig. 7b.
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Fig. 10b. Comparisons between calculated evaporative heat transfer coefficients le; for the CS and FBLS on 24 June

2014.

5.4. Heat transfer coefficients

Fig. 10a explains comparisons between the calcu-
lated convective heat transfer coefficients from the
basin liner to the basin water for conventional and
finned plate stills on 24 June 2014 when n; =14 and
m,, =40 kg. It is observed that the convective heat

transfer coefficients for the FBLS from the effective
area of the finned plate to basin water /e is slightly
higher than that for the CS h, as expected; however,
the total convective heat transfer coefficients from the
finned plate to the basin water hp¢ (hp = hip et + ficrw) 1S
considerably higher than that of the CS h, (i =0,
plate without fins), because for the finned still there is
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an additional heat transfer source from the fin surfaces
to the basin water as is shown by the coefficient ks,
in Fig. 10a. The maximum values of e and heg, for
the FBLS are obtained as 187.81 and 465.52 W/m?K,
respectively. Therefore, the maximum values of total
convective heat transfer coefficients to the basin water
for the finned and CSs are found to be 653.33 and
182.64 W/m* K, respectively. These results indicate
that h, is about 3.6 times higher than . The increase
in the convective heat transfer coefficients from the
finned plate is mainly the reason for the improvement
in the productivity of the FBLS. Consequently, the
calculated evaporative heat transfer coefficient fewg; in
case of the FBLS shows higher values than those of
the CS during all time of the day as seen in Fig. 10b.
From the results of Fig. 10b, it is found that the maxi-
mum values of ey for the CS and FBLS are 26.73
and 31.85 W/m® K, respectively. The behavior of Heyg;
(Fig. 10b) is identical to that of hourly productivity
(see Fig. 7) because ey is the main parameter affect-
ing the solar still productivity.

Fig. 11 shows the rate of heat transfer (thermal
power) from the basin liner to basin water for the con-
ventional and finned plate stills on 24 June 2014 when
ng =14 and m,, = 40 kg. It is noticed that the thermal
power from the effective area of the finned plate Qpleff
and the fin surfaces Q¢ and hence, their sum Qgg;s for
the FBLS are higher than those for the CS Qcs. The
maximum values of the Qpreff, O, Orprs, and Qcs are
obtained as 468.25, 1,318.38, 1,786.63, and 413.19 W,
respectively; whereas, their average values are found
to be 190.31, 535.83, 726.14, and 142.15 W, respectively.

The latter results attributed to the increased heat
transfer area and the enhanced heat transfer coeffi-
cients to the basin water in case of the FBLS compared
with those of the CS. Effect of fin configuration
parameters on the still performance was investigated
by El-Sebaii et al. [46]. It was found that the produc-
tivity of the finned plate solar still (FBLS) increases
with increasing the fin height; however, it decreases
with increasing the fin thickness and fin number. A
daily productivity of 5.377 (kg/m”d) was obtained
when ny, Hy, and x¢ equal 7, 0.04 and 0.001 m, respec-
tively. Numerical results indicated that the cost of 1L
of distillate water equals 0.28 LE which is competitive
with all prices of production of one liter of fresh water
obtained from different designs of solar stills tested in
different places of the world [33].

6. Conclusions

The performance of the conventional (CS) and
finned (FBLS) solar stills was investigated. The experi-
mental and theoretical results showed that the thermal
performance of the CS can be improved by integrating
fins to the basin liner of the still. It was found that, on
a typical day of June, the daily productivities of the
conventional and modified stills are 4.235 and 4.802
(kg/m? d) with daily efficiencies of 42.36 and 55.37%,
respectively. The integrated fins at the base of the
solar still gave 11.8 and 23.5% increase in the amount
of distilled water produced and daily efficiency com-
pared with a CS. The convective heat transfer coeffi-
cient from the finned plate is increased by 3.6 times
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compared to the case without fins. The agreement
between measured and calculated results is fairly
good, also the present results agree well with those
found in the literature with a relative percentage error
in the range 2.8-11.6%.The proposed mathematical
model for the FBLS can be used for predicating the
thermal performance of single effect finned solar stills
with a reasonable accuracy.

Nomenclature
A _
Ap,eff,sh -

surface area (m?)
effective area of the plate in the
presence of shadow due to fins (m?)
— width of the still (m)
conventional still
— depth (m)
standard length of the absorber plate (m)
FBLS — finned-basin liner still
— Grashof number
— height (m)
— heat transfer coefficient (W/m? K)
— global solar radiation intensity (W /m?)
thermal conductivity (W/m K)
— length of the still (m)
— refractive index of water
— day of the year
— number of the fins
— productivity (kg/m?
— pitch, the distance between two
successive fins (m)
— Prantd]l number
— thermal power (W)
— desired time period (s)
temperature (K)
— heat loss coefficient (W/m? K)
— wind speed (m/s)
— thickness (m)
— local time
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Greeks

absorptivity

inclination angle of the glass cover of
the still with respect to horizontal (°)
surface azimuth angle (°)

angle of declination (°)

— emissivity

efficiency (%)

angle of incidence of direct radiation
to a horizontal plane with normal
(Zenith angle) (°)

angle of refraction (°)

density (kg/m?)

Stefan-Boltzmann’s constant (W /m?
K*)

transmissivity

latitude of location (°)

hour angle (")
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Subscripts
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— convective
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— outer
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— radiative
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Appendix A

Mathematical formulas for the various terms of Egs. (3)
and (3a) that are used for calculating the shadow area Agp:

cos 0; = cos d cos ¢ cos w + sin d sin ¢p (A1)
_ . [360(284 + ny)
~ 2m(z—12)
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cos Oy = —sin d cos ¢ cosy + cos d sin ¢p cos y cos @
+ cos d siny sin @

sin 91

sin 6, =

Appendix B

The coefficients of Egs. (11) and (12) are given by:

M1 = mWCW

My = mpeCy
(A4)
2
a; = hz + Ay — Lt
h+ U,
(A5) 1 )
uz = h3 + ubAP
- Loy + UgTgo
X(t) = ItTgO(WAW,eff + hlAW |: hl + ug
Y(t) = tetutplye + Up AT,
(B1)

(B2)

(B3)

(B4)

(B5)

(B6)
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