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ABSTRACT

Solar distillation is an effective method of generating potable fresh water in areas where there
is abundant sunshine with adequate water that is unfit for human consumption or other activi-
ties. In the current study, an experimental and theoretical analysis was performed to eval-
uate the productivity of a modified solar still having an elevated basin. This improvement was
achieved by raising the basin inside the distiller. The elevated basin helps in reducing the ther-
mal losses from the bottom and sides of the distiller because the air gap between the basin and
both the bottom and sides of the distiller acts as an insulator. All tests were carried out under
the weather conditions of the Baghdad-Iraq region during the months of February, March, April,
and May. The average distilled water outputs per square meter for the experimental period were
3.03 and 4.37 L for the conventional solar still (CSS) and elevated-basin solar still (EBSS), respec-
tively. The average percentage increment in the fresh water production from the EBSS was found
to be 36.7% (relative to that of the CSS). It was evident that the theoretical model predicted the
trends very well, with some deviations from the experimental values. The average difference
between the theoretical and experimental findings in total productivity was found to be between
4% and 8%. The estimated average cost of the distillate water was $0.027/L m? for the EBSS.

Keywords: Solar still; Desalination; Productivity; Double-basin still; Modified design

1. Introduction

Solar distillation has been introduced as a promising
and sustainable method of producing drinkable fresh water.
It is aided by a sustainable energy source and avoids the
presence of any impurities. It is more likely used in remote
areas, for example, small islands and other places with

* Corresponding author.

sensible amounts of sunlight and on-going water. However,
an inability to provide good numbers of solar distillers
has prevented the increased use of their benefits worldwide.

A conventional double-slope solar distiller, as shown
in Fig. 1, mainly suffers from a lack of productivity; the
daily production generally varies from 2 to 3 L/m? of
basin area [1]. This produced amount is considered to be
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relatively low as compared with the productivity of mod-
ified solar stills, where researchers have used varying
designs or improvements on the conventional design for
the purposes of increasing productivity and performance.
In a solar still, processes of evaporation and condensation
occur alternately within the solar system with the aid of
temperature differences between evaporation and conden-
sation areas, producing fresh water. Variables that influ-
ence solar silence efficiency are divided in two major cat-
egories. The first category comprises uncontrollable factors
related to weather, climate, and geographical location, such
as air temperature, wind speed and solar radiation. The
second category comprises design factors, which can be
controlled to achieve optimum performance.

In this study, we review the design factors employed by
researchers in different ways to increase the output through-
out the distillation by increasing the evaporation, increas-
ing the condensation, or both. An initial heating process of
the water in the distillation basin minimises the required
period for evaporation, and thus speeds up the evapora-
tion process (and productivity). The initial heating process
can be conducted before the water enters the still by using
a flat plate collector [2—4], solar concentrator [5], heat pipes
[6] and mini solar ponds [7]. Other methods for increasing
basin water temperature include the use of internal reflectors
[8,9], external reflectors [10], or both [11,12]. These reflec-
tors work by reflecting the sunlight on the absorption plate,
helping provide extra heating for the distillation basin.

The evaporation rate in the distillation basin varies
according to the area of surface absorption. With increased
exposure to sunlight in the distillation basin, productiv-
ity increases. Many researchers have used various meth-
ods to enhance thermal performance between the water
and the absorption plate, including the use of wavy or
fin-shaped absorption plates [13,14], or by using specific
distillation basin methods that help to improve the sur-
face absorption area of cloths, wicks, and sponges [15,16].
The use of specific nanomaterials [17-20] in the distillation
basin has been shown to contribute to increase the ther-
mal performance between the absorption plate and water.
Increasing the heat transfer increases the water tempera-
ture, leading to an increase of the difference in tempera-
ture between the condensation surface and water, and thus
increased potable fresh water.

Some researchers have concentrated on improving
the condensation area in the solar still as it is one of the
key components that still affect the efficiency and pro-
ductivity. The productivity of still systems is impacted by
the temperature difference between the zones of evapora-
tion and condensation. Cooling the glass covers in some
way decreases the condensation surface temperature and
improves thermal performance between the glass covers
and the distillation basin water. Thus, it improves the pro-
ductivity of the distilled water. To sustain a high differ-
ence in temperature, a number of researchers have used
a method of cooling a glass cover by means of a flowing
water film [21] or through airing by the use of an external
fan [22,23]. Other researchers have used additional con-
densing coils attached to the solar still, which contribute to
increasing productivity; these are mainly applied in con-
densers in different shapes, or in internal designs [24] or

external designs [25,26]. Likewise, other researchers have
examined the influence of changing the material of the top
cover [27] or the inclination angle of the condensation area
on the output of the solar stills [28,29].

Furthermore researchers have used additional dif-
ferent methods to achieve better performance and pro-
ductivity, such as phase change materials [30], sun track-
ing systems [31], and humidification-dehumidification
systems [32,33].

Over the last 10 years, many papers have been pub-
lished regarding different designs for single-effect solar
stills, for example, single- or double-sloped. Many of these
designs enhanced the performance and efficiency of con-
ventional solar stills (CSSs). These designs included fan
solar stills [34], spherical and pyramid solar stills [35], wick
solar stills [36], solar chimney and condensers [37], rotating
wick solar stills [38], rotating discs solar stills [39], and solar
stills with rotating drums [40].

In this context, the attempts are also made to increase
the productivity of water by rising the basin of solar still.
Based on the best knowledge of the authors, there is no
study concerned about such modification. The elevated
basin helps to reduce the losses from the bottom and sides
of the distiller because the air gap between the basin and
both of bottom and sides of the distiller acts as an insula-
tor. So, the current study aims to analyse the performance
of solar still with an elevated-basin (experimentally and
theoretically) under the weather of the city of Baghdad
during a period of time from February to May 2019.
In addition, the elevated-basin compared with CSS.

2. System design and experimentation

Two types of single-effect double-slope solar system
were planned, installed and tested at the training and
workshop center at the University of Technology, Baghdad,
Iraq, to assess the performance and provide a compar-
ison. The first was still a double-slope CSS, while the sec-
ond solar was still modified from the CSS (that is, it was
an elevated-basin solar still [EBSS]). Fig. 1 displays two
solar stills, which are made in this analysis.

The solar systems were made of 1 mm galvanised steel.
The basin water coated black paint to enhance radiation
absorption. Glass covers with an inclination of 30° and
thickness of 4 mm were used as a condensation surface.
The side walls of the solar stills were insulated using glass
wool. For feeding of salty water, a 40-L storage tank was
used. The sizes of the distillation basin used in the CSS and
EBSS were 125 cm x 60 cm x 1 cm, respectively. The dimen-
sions and other additional details of the CSS and EBSS
are given in Figs. 2 and 3, respectively.

In a CSS, the distillation basin rests on the base of the
solar still. Therefore, the condensation area is limited and
restricted by the dimensions of the solar still base, as shown
in Fig. 2. Therefore, the double-slope CSS was modified to
a double-slope EBSS. In the EBSS, the distillation basin was
separated from the still base at a height of 30 cm from the
base, as shown in Fig. 3. The elevated basin helps in reduc-
ing the thermal losses from the bottom and sides of the
distiller because the air gap between the basin and both
the bottom and sides of the distiller acts as an insulator.
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Fig. 1. Photographs of tested solar stills: (a) CSS and (b) EBSS.
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Fig. 2. Schematic of the CSS.

This modification increased the condensation sur-
face area by 82.4% as compared with that of the CSS
(Appendix A). In this work, the dimensions of the basin
were fixed in both distillers. Indeed, the modified dis-
tillate has dimensions larger than conventional still, in
order to generate an air gap between the base and the
sides. This has the advantage of reducing the shading
effect on the basin. To avoid the difference in the dimen-
sions, productivity was calculated per square meter for the
external dimensions of the two distillers.

Thermocouples (type T) have been used to measure
the temperatures of the basin (T,), basin water (T ) and
glass cover (T ). The accuracy of the thermocouple reading
was within the range of +0.2°C to 0.4°C. The tempera-
ture of air was measured using a mercury thermometer.
The ambient temperature was measured with a mercury
thermometer. Solar intensity was measured by means of

a solarimeter (0-2,500 W/m?) with a precision of +2 W/
m?. The volume of water collected was measured using
a graduated 5-L-capacity container (with a precision of
3 mL). The experiments were conducted in Baghdad, Iraq
(33° 18" N, 44° 21’ E) from 8:00 a.m. until 5:00 p.m. for 3-d
chosen (between February and May, 2019). The salt water,
glass cover, basin and air temperatures, solar intensity,
and yield were recorded for every hour.

3. Experimental error analysis

The present work employed the proposed method of
estimating the uncertainty of the results by Holman [41].
Assume that a set of measurements were carried out to
determine n number of experimental parameters. Let R be
the desired experimental result obtained based on these
measurements.
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Thus; Table 1
Experimental uncertainty errors and measurement precision

R=R(X, X, X,...X,) 1)

Let the uncertainty in the result is W, and W, W,
W,, ..,W are the uncertainties in the independent vari-
ables. Hence, W, can be computed using the proposed
equation by Holman [41] as follows:

2 2 272
WR: ﬁ[/\/l + ﬂwz 4ot ﬂ[/vn (2)
X, oxX, X,

If the result and measured parameters have a known
relationship and the uncertainty associated to each mea-
surement is also known, then W, can be evaluated using
Eq. (2). The uncertainties of the experimental measuring
devices are presented in Table 1. The ratio between the
least count of the device and the minimum output value
gives the minimum error [42].

The hourly distillate, m = f(h), where h = the height
of water in the flask. From Eq. (2), the total uncertainty
associated with the hourly production of the freshwater
condensate can be reduced to:

1/2

2
w,=(| 2w, ®
oh,
The calculation of thermal efficiency (1) is also associated
mxh y
with uncertainties. The equation of 1) is n,, = ——~.
AxI(t)

Since A is constant and assuming hfg is constant then,

Instrument Accuracy  Range Error, %
Solarimeter +]1 W/m? 0-5,000 W/m? 15
Wind anemometer  +0.1 m/s 0.4-30 m/s 3
Thermocouples +0.1°C 0°C-100°C 13
Measuring jar +5mL 0-2,000 mL 2

ny, = f(7i1(t)) 4)

From Eq. (2), the total uncertainty of 1 can be derived
as follows:

1/2

on ’ o ’
_ th th
W, = ( p) Wm] J{ oI, W[(f)J ®)

m

Accordingly, the subsequent errors associated with
the calculated quantity of daily productivity are about
#1.25%. Accordingly, the resulting errors associated with
the calculated 1 of the solar still are about +2.7%.

4. Mathematical model

Fig. 3 displays the schemas for the various heat trans-
fer modes in the double slope solar still. Such types are
convection, heat and evaporation. The CSS and EBSS mathe-
matical models are based on the energy balances of the glass,
basin water and basin. The following premises are consid-
ered in the determination of equations for the energy balance.
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® There is no leakage from the two solar stills.

* The heat that the glass surface absorbs is equal to the
heat that the vapour rejects; therefore, all vapours are
converted into distilled water.

e The temperature gradients along the depth of the
water and the glass cover thickness are negligible.

The energy balance is explained as follows based on
the above.

4.1. Glass cover

The energy obtained from the glass cover includes
the energy absorbed from the sun (I,ag) and the energy
transfer from the basin water across evaporation (q,,.),
convection (qcrwg), and radiation (qnwg). This obtained
energy would partially raise the temperature of the glass
(M,C, /dt), and partially pass it by convection (g, ) and
radiation (q,,)- The glass cover’s energy balance can
be the following [43]:

d’I_;U
(a’glf)Ag + qc,wg + qc,wg + qv,wg = Mgcp,g dt + qc,ga + qr,ga (6)

Evaporative, convective and radiative energy between
water and glass is given as follows [43]:

Do =g (T~ T,) @)
Tewg = hu,wg (Tw - Tg) 8)
9o = (T~ T, ©)

In the above, hmg represents the coefficient of heat
transfer of evaporation between the still water and glass
(W/m?), and is estimated as follows [44]:

(pw*px)
(T, -1

Here, p  is the partial water vapor pressure at the T,
and p, is partial water vapor pressure at the T (in Pa).

In addition, h_  is the coefficient of convective heat
transfer between the basin water and glass (W/m?), and is
defined as follows [44,45]:

h, ., =16.276x10"h

e,

(10)

1/3

(pw ~p,)(T, +273)
(268.9x10°-p,)

(11)

c,w, w g

h,,, =0.884 (T —T)+

h, .. represents the coefficient of radiation heat transfer

between the glass cover and basin water (W/m?), and is
defined as follows [45]:

(12)

T, Wi

I, =E 0[(Tw +273) + (T, + 273)2][Tw +T,+546]

The transfer of energy by convection and radiation
between glass and air is given as [45]:

Gogo =g o(T,~T,) (13)

G0 = €, c((Tg ~273)' (1, - 273)4) (14)

where

h,, =28+3V (15)
(- 273) (1, ~273)

h=co o (16)

4.2. Water basin

The energy absorbed in the basin water is transferred
partly into the basin (g, ), and mirrored in part to the glass
cover by evaporation (q,,,), convection (4. ), and radia-
tion (q, ). The residual energy would increase the tem-
perature of the basin water by M dT/dt. The water basin’s
energy balance is shown as follows [43]:

daT,
(e ) Ay ety = MG+ g+ e * e 17)
The heat transfer by convection between the basin
and water is given as follows [43,45]:
qc,bw = hc,bw (Th - Tw) (18)
The coefficient of convective heat transfer between
the basin and water (k) is 135 W/m*K [43].

4.3. Basin

The solar intensity (a,l,) increases the energy of the
basin absorber layer. This extracted energy is equal to
the amount of the energy produced from the basin and the
energy lost by the air and water convection. The equation
of energy balance for the basin is as follows [43]:

a1,

(O"bII)Ab :Mbct,b df

+ qc,bw + qloss (19)

The heat losses from the basin to ambient air [46] are as
follows:
qloss = un (Ab + As )(Th - T:I) (20)

where U =1/R,

R,=R,+R,+R,
R=L, [K,
air gap’ * air gap
2 = glass wool’ ~ "glass wool
RZ = Lwooden box’ ™ “wooden box L.
where K and L are thermal conductivity and the

thickness of the insulation; respectively.
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The thickness of the insulation in the conventional
still is smaller than that of the modified still due to the
still geometry, then for the modified still the heat loss
coefficient from basin and sides is smaller than that for
conventional still.

4.4. Condensate flow rate calculation

The amount of water condensed (productivity) can be
estimated as follows [47]:

_Jew-g _ Mg (Tw - Tx)
v h

fg fg

m 1)

In the above, h,_ is latent heat of vaporisation, and the
values are calculateé as follows [47]:

597.49 —5.6625x10™' T, +1.5082 x
fg (22)

x 4.1868
107 ~3.2764 x 10°T? ]

w

Initially, the time period was supposed as 5 s, and the
temperatures of the glass, water, and basin were consid-
ered as the ambient temperature. The engineering equa-
tion solver program was used to solve Egs. (1), (12) and
(14) to predict variations in glass (dTg), saline water (dT)
and basin temperature (dT,). Experimentally determined
solar intensity values and ambient temperatures were
used for the respective hour and day. The parameter was
redefined for the next step. Table 2 gives the physical
input parameters used for the mathematical modelling.

5. Results and discussions

Figs. 4 and 5 display the effects of the mean time-
to-moment fluctuations in weather conditions (solar

Table 2
Physical input parameters used for mathematical modelling

Parameters Value
Mass o g, M, 155k o s
Specific heat of glass, C, 800 J/kg K

0.86 m?for CSS
Areaof glass, A, 158 m?for EBSS
Absorptivity of glass, a, 0.0475
Emissivities of water, € 0.96
Emissivities of glass, g, 0.88
Mass of water, M 15 kg
Specific heat of water, C 4,187 J/kg °C
Absorptivity of water, o 0.05
Area of water, A | 0.75 m?
Mass of basin, M, 52kg
Specific heat of basin, C, , 473 J/kg °C
Absorptivity of basin, o 0.95
Area of the basin plate, A, 0.75 m?

radiation and air temperature) between February and
May. In these figures, the test days were divided into
four categories, according to the monthly radiation level.
The first is for days with average radiation of approx-
imately 271 W/m? (February), the second for 382 W/m?
(March), the third for 504 W/m? (April), and the fourth
for 650 W/m? (May).

The solar intensity tends to increase in the morning,
reaches the highest value in the noon and then begins to
decrease after 1:00 p.m. The solar intensity during May is
higher than in other months, and the maximum recorded
value is 860 W/m? Fig. 5 shows the change in ambient tem-
perature on an hourly basis. The ambient temperature is
found to be lower in the morning, and then increases with
rising solar radiation.

The temperatures describing the behaviour of the solar
stills are graphically presented in Figs. 6a-d and 7a-d for
an average of three test days in each month. These figures
illustrate the empirical and mathematical hourly changes
of the water basin, glass and basin temperatures in the
CSS and EBSS. The trends of temperatures for all solar
stills are found to be similar. The basin temperatures are
found to be the highest, followed by basin water and glass
temperatures. The temperature rises through the daytime,

1000
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Fig. 4. Variation mean solar intensity with time during
February-May.
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Fig. 5. Ambient temperature variation during February-May.
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Fig. 6. Experimental and theoretical variation of different hourly temperatures for conventional solar still for February, March,

April and May.

reaching the maximum from 12:00 p.m. to 1:00 p.m. These
results are found to be similar to that obtained by other
researchers [10,49-51]. The lowest measured temperature in
the water basin is found in the CSS, whereas higher tem-
peratures are found when the EBSS is used. The raise in the
water temperature can be attributed to the improvement of
the thermal performance of the EBSS. The maximum water
temperature in the month of May is reached for two stills as
the solar intensity is higher. The highest distillation basin
water temperature is found to be 67.5°C and 75.6°C for the
CSS and EBSS, respectively, during May, as illustrated in the
figures. The increase in the water temperature of the EBSS
can be attributed to the EBSS decreasing the loss from the

walls bottom and sides owing to the spaces left between the
water basin and the walls. This confirms that the modified
design overcomes the shortcomings of the CSS.

Figs. 6 and 7 also depict a comparison of measured
temperatures with predicted temperatures from a math-
ematical model. It can be found that both the experimen-
tal and mathematical finding show the same trend in
temperature rises and decreases with respect to time. The
average difference for water, glass, and basin tempera-
tures between the mathematical and experimental results
is 4.1%, 4.5% and 6.0%, respectively.

The hourly yields of the two solar stills (for all of the
test months) are presented in Figs. 8 and 9. In each of these
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March, April and May.

figures, the productivity is observed to increase between
8:00 a.m. and 1:00 p.m. as the solar intensity arrives its most
extreme worth during the day, after which the productivity
decreases as the solar intensity reduces, until the experiment
is stopped at 5:00 p.m. The distillate water output during
the month of May is higher than that of the other months
(February, March, and April). The maximum hourly pro-
ductivity per unit area is found from 12:00 p.m. to 1:00 p.m.
at 0.493 and 0.621 L for the CSS and the EBSS, respectively.
On May, the average CSS and EBSS distillate water
yields per square meter were 0.363 and 0.47 mL, respec-
tively. Therefore, the hourly productivity increased in
the EBSS. This is because the difference in temperature
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between saline water and glass in EBSS is higher than
CSS at this period. In addition, the EBSS condensation
region is greater than that of the CSS. Hence, the conden-
sation rate was increased, and the vaporisation rate was
increased. The EBSS also reduced the loss of heat from
the walls and the bottom due to the air gap between the
basin water and the walls. This confirms that the modified
design overcomes the shortcomings of the CSS. The mean
difference between the mathematical and experimental
results is found to be 6%—-8% for the total productivity.

The accumulated productivity values from the CSS
and EBSS as a function of the time from 8:00 a.m. until 5:00
p-m. are shown in Fig. 10. As appeared in the figure, the
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Fig. 10. Variation of cumulative productivity from CSS and EBSS.

maximum daily productivity values are found in the long
stretch of February for both solar stills. The daily amount
of productivity of the CSS is 3.02, 3.17, 3.39 and 3.63 L /m?
of February, March, April and May months, respectively.
The productivity values of the EBSS are 4.14, 4.22, 4.42 and
4.73 L/m? of February, March, April and May months, respec-
tively. The performance improvement of the EBSS is esti-
mated to be between 37% and 47.0%. In addition, the yield
in the months of February, March, April and May was about
4.1-4.7 L/d for several average days (three clear days).

The variation of the productivity as a function of solar
intensity for the CSS and EBSS is illustrated in Fig. 11. It is
clearly evident that the productivity of the EBSS is supe-
rior to that of the CSS. Fig. 12 shows the varieties of the
profitability of two solar stills as a function of mean solar
radiation. It is apparent that both solar stills have average
productivity values that increase linearly compared with
average solar intensity. With an average solar intensity of
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Fig. 9. Hourly variation productivity for the EBSS.
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650 W/m?, the optimum yield of 0.472 L/m? is reachable.
The rise in fresh water production from EBSS is 32.4%
relative to the CSS.

6. Economic analysis

An economic analysis offers the correct distillate water
cost value associated with the capital expenditure, and
the desalination system operating and maintenance costs.
The economic analysis is based on a method defined in the
literature [52,53] to estimate the distilled water unit cost in
US$/L. Solar stills are characterized by low annual operat-
ing costs and high initial costs. The capital costs (P) of the
CSS and EBSS are, respectively, $125.7 and $150 accord-
ing to the Iraqi market, as shown in Table 3. Appendix B
sets out the equations used for the economic analysis.

The overall fixed CSS cost is almost $125.7 and the over-
all fixed EBSS cost is almost $150. Experimental research
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Table 3
Fabricated cost of solar stills

Components Costin $
Conventional solar  Elevated
still basin still

Galvanized iron 15.0 25.0

Water tank 20.6 20.6

Wooden box 19.3 222

Pipe network 12.4 12.4

Iron stand 13.6 16.0

Paint 8.0 8.0

Glass cover 16.2 19.0

Silicon rubber 5.0 5.0

Fabrication 15.6 21.8

Total capital cost (P) 125.7 150.0

! ® Conventional solar still
0.9 A Elevated solarstill
= = = Linear (Conventional solar still)
e Linear (Elevated solar still)
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Fig. 11. Variations of the productivity as a function of solar inten-
sity for two solar stills.

reveals that the daily average output for CSS and EBSS is
3.94 and 4.98 L/d. The stills are designed to last 10 y. The
rate for CSS per litre is $0.030, compared with around
$0.027 for the EBSS. These values show that, although the
EBSS costs are higher, the output rise is higher. Therefore,
total water costs decrease.

7. Conclusions

The main findings from this study are as follows:

® The daily fresh water yield of a CSS can be enhanced by
lifting the basin of solar still.

® The EBSS shows higher fresh water productivity than the
CSS, due to decrease in the heat loss from the bottom and
side walls of solar still.

® The accumulated productivity values of the CSS are
3.02, 3.17, 3.39 and 3.63 L/m? for the months of February,
March, April, and May, respectively. While, the produc-
tivity values of the EBSS are 4.14, 4.22, 4.42 and 4.73 L/m?
for the same months.

0.6

0.5

R

—
g 04
=
=2
Z 03
=3
=
=
=
& 02
—&— Elevated solarstill
0.1

—&—Conventional solar still

0.0
200 300 400 500 600 700

Average solar intensity (W/m?)

Fig. 12. Variations of the productivity as a function of average
solar intensity for two solar stills.

e The improvement in the performance of the EBSS is
inferred to be in between 37.0% and 47.0% over CSS.

e Simple cost analysis shows that the unit cost for dis-
tilled water for the CSS is $30/m® while the unit cost
for EBSS is lower and found to be approximately
$28.6/m?.

Symbols

A — Area, m?

1l —  Water production, kg/s

AMC — Annual maintenance and operating costs, $

ASV  — Annual salvage value, $

C, —  Specific heat, J/kg K

CPL — Cost of fresh water, $/L

CRF — Capital recovery factor

CSS  — Conventional solar still

EBSS — Elevated basin solar still

D —  Thermal diffusivity, m?/s

FAC — Fixed annual cost, $

g —  Gravity, m/s?

h —  Coefficient of heat transfer, J/kg K

H —  Trays height 0.5 cm

he, —  Vaporization latent heat, J/kg

i — Interest rate, %

I(t) — Solar irradiation, W/m?

K —  Thermal conductivity, W/m K

L — Length,m

m — Mass, kg

M —  Average annual yield, L/y

n — Life time, years

P —  Capital cost of solar still, $

P(t) — Saturated vapor pressure, N/m?

Pg —  Partial vapor pressure at glass temperature,
N/m?

P, — Partial vapor pressure at water temperature,
N/m?

Q —  Heat transfer rate, J

Ra — Rayleigh number

S —  Salvage value

t — Time, s

T —  Temperature, °C
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TAC — Total annual cost, $

u —  Heat transfer coefficient, W/m2 K
\% —  Wind speed, m/s

W, —  Uncertainty in the result
Greek

a —  Absorptivity

B —  Coefficient of thermal expansion
€ —  Emissivity

u — Dynamic viscosity, Pa.s

p — Density, kg/m®

o —  Stefan-Boltzmann constant
Ie) —  Characteristic length, m

T — Transmissivity

n, — Daily efficiency, %
Subscripts

a — Ambient

b — Base

c —  Convective

e — Evaporative

eff —  Effective

fw —  Feed water

g — Glass

0 —  Opverall

r — Radiative

S — Side

w —  Water

wb —  Base water
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Appendix A

To measure the increase of the condensation area,
the following formula of a triangle was used:

W .
A= € xL:2x&x1.25:0.866 m? (A1)
cos30

0.866

A= M |12 955 105-158m? (A2)
cos 30 0.866
A -A
Percentage of increase% = — (A3)
Percentage of increase of condensation area% = %
%100 = 82.4% (A4)

where A and A, are the condensation surface areas of
the basins used in the CSS and the EBSS, respectively.

Appendix B

The unit cost of the distilled water (UC,,) can be com-
puted using the formula from Kabeel et al. [48].

_ TAC

dw —

ucC (B1)

yearly

In the above, Myearly is the average annual yield in L/m?,
and TAC is the total annualised cost, and is determined as
follows:

Total annualised cost (TAC) = First annual cost (FAC) +
annual maintenance cost (AMC) —

annual salvage value (ASV) (B2)
The FAC of a solar still is given as follows:
FAC = P (CRF) (B3)

The capital recovery factor (CRF) is determined as
follows:

i(1+i)
(1+i) -1

CRF = (B4)

Here, n is the number of life years and i is the interest per
year; these values are assumed as 10 y and 12%, respectively.

The AMC is assumed to be 15% of the fixed annual cost;
hence, it is determined as follows:

AMC =0.15(FAC) (B5)
ASV can be expressed as follows:
ASV =S x(SFF) (B6)

The salvage value (S) is assumed to be 10% of the annu-
alised capital cost (P) of the solar still, and the sinking fund
factor is calculated as follows:

i

(SFF) =m

(B7)
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Parameters Value

10.0 kg for CSS
Mass of glass, M, 18.5 kg for EBSS
Specific heat of glass, C, 800 J/kg K

0.86 m?for CSS

Area of glass, A
4

Absorptivity of glass, o,
Emissivities of water, €
Emissivities of glass, €,
Mass of water, M|
Specific heat of water, CW
Absorptivity of water, o
Area of water, A |

Mass of basin, M,

Specific heat of basin, C, |
Absorptivity of basin, o
Area of the basin plate, A,

1.58 m?for EBSS
0.0475

0.96

0.88

15kg
4,187]J/kg °C
0.05

0.75 m?
52kg

473 J/kg °C
0.95

0.75 m?
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