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Abstract: Solar stills are generally used to obtain fresh and clean water from saline water sources
using solar energy. This technique is very economical, as only the source of energy is solar energy.
Many factors affect the efficiency of the solar stills, such as altitude, location, wind velocity, thickness,
the inclination angle of the glass, etc. In this paper, mathematical modelling of three different solar
stills with glass inclination angles of 15◦, 30◦, and 45◦ has been carried out to calculate the total
radiation falling on these solar stills in addition to the calculation of the total heat transfer inside of
them. These parameters are further utilized to compute the distilled water output from 10 a.m. to
4 p.m. by considering the location of the Sargodha, Punjab, Pakistan, on the 22nd of June.
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1. Introduction

A lot of the solar desalination plants that are operational today have a major drawback
in that they are very costly and utilize a lot of energy [1]. Scientists have predicted that the
demand for water will be 56% more than its supply by 2025 [2]. One of the most reliable
technologies to solve water scarcity issues is water desalination using solar stills [3]. Factors
that affect the yield of solar stills are solar intensity, the temperature of the air and its
velocity, differences in temperature between the glass and water vapor, the water surface
area, water depth, the inlet water temperature, the area of the basin, and the inclination
angle of the glass [4].

Researchers have shown that for solar distillation, the most suitable material for these
covers is glass, as it has higher solar radiation transmittance at different angles [5]. A 4 mm
glass cover thickness is considered the best [6]. A 2 cm water depth is the best for producing
the most distilled water using solar stills [7].

A higher water temperature inside the solar still will result in increased distilled water
output [8]. The productivity of the solar still also depends upon the surface area of the
collector [9]. The inclination angle of the glass surface and the direction of the glass cover
on the still depend on the latitude of the specified location [10].

2. Methodology

The three different angles of inclination being used are 15◦, 30◦, and 45◦. The total
radiation falling on the solar stills is calculated theoretically; then, heat transfer calculations
of the solar still are carried out to find the particular inclination angle on which maximum
yield occurs. The calculations were conducted for a time period of 6 h on 22 June 2021 for
the location of Sargodha city. The following assumptions were made while conducting the
calculations [11]:

In the solar still, there is no leakage of vapors, and there is no heat loss in the basin.

Eng. Proc. 2022, 23, 5. https://doi.org/10.3390/engproc2022023005 https://www.mdpi.com/journal/engproc

https://doi.org/10.3390/engproc2022023005
https://doi.org/10.3390/engproc2022023005
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/engproc
https://www.mdpi.com
https://orcid.org/0000-0001-5057-3032
https://orcid.org/0000-0003-1450-2565
https://orcid.org/0000-0002-5289-0338
https://doi.org/10.3390/engproc2022023005
https://www.mdpi.com/journal/engproc
https://www.mdpi.com/article/10.3390/engproc2022023005?type=check_update&version=2


Eng. Proc. 2022, 23, 5 2 of 5

1. There is a constant water level maintained in the basin.
2. Only filmwise condensation occurs, and it occurs in place of dropwise condensation.

Filmwise condensation is considered because in dropwise condensation, the transfer
rates of heat are more than ten times those of film-type condensation [12]. The design of
the solar stills with the inclination angles of 15◦, 30◦ and 45◦ are given in Figure 1:
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The area of the water surface is 0.403 m2. The depth of the water is kept at 2 cm
or 20 mm for best performance [1]. The thickness of the glass is kept at 4 mm for the
best results [8], and the thickness of the base metal is 6mm. Glass is used for the cover
material [7]. The calculations for total radiation on the solar still and heat transfer are for
the passive single-slope solar still model.

3. Total Radiations Calculations on Solar Still

We can find the radiation (It) available to the solar still as follows:

It = [ Ib Rb + Id

(
1 + cosβ

2

)
+ IPg(

1 − cosβ
2

)] (1)

The amount of solar radiation available above the surface of the Earth (I0) is:

I0 =
12 ∗ 3600

π
Gsc

(
1 + 0033 cos

360n
365

) [
cosφ cos δ (sin ω2 + sin ω1) +

π(ω2 − ω1)
180

(sin φ sin δ)
]

(2)

The incident angle of sun rays for tilted surfaces is θ. It can be computed as:

θ = (sin (φ) cos (β) sin (δ) − cos (φ) cos (γ) sin (β) sin (δ) + cos (φ) cos (ω) cos (β)
cos (δ) + sin (φ) cos (ω) sin cos (γ) cos (δ) + sin (β) sin (ω) sin (γ) cos (δ)) cos −1 (3)

The diffuse fraction is calculated using the model of Orgill and Holland:

For 0 < Kt < 0.35 when Id/I = (1 − (Kt) 0.249) (4)

For 0.35 ≤ Kt ≤ 0.75 when Id/I = (1.577 − (Kt) 1.84) (5)

For 0.75 < Kt ≤ 1 when Id/I = (0.177) (6)

The beam radiation tilt factor (Rb) is given as:

Rb =
Cosθ
Cosθz

(7)

4. Heat Transfer Calculations of the Solar Still

The convective transfer of heat between glass and water (Qcwg) is calculated as follows:

Qcwg = 0.884[
(
Tw − Tg

)
+

Pw − Pg

268e. 3 − Pw
×Tw

(
Tw − Tg

)
] (8)
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The water temperature in the water basin (Tw) and glass temperature is calculated as:

Tw =
f(t)
α

(1 − exp (−αwτw)) exp (−αwτw) (9)

Here, the emittance of glass is kept at 0.05 [13]. The water heat capacity present in
the basin is 4.184 J/K [14]. The absorptivity of the glass is 0.05 [15]. The absorptance of
the base plate is 0.92 [16]. The temperature of the glass (Tg) can be calculated using the
following formulas given below:

Tg =

(
0.022612Tw

2 − 15.76Tw + 2392
)
∗Tw∗hw∗Ta∗Ar + Ar(0.048Ta − 9)Ts

(0.022612Tw2 − 15.76∗Tw + 2392)∗hw∗Ta∗Ar + (0.040Ta − 9)
(10)

To calculate the temperature of the base plate (Tb) or water basin, use the given Equation:

Tb =
αbτgτw I(t) + hcblw × Tw + Ub × Ta

hcblw + Ub
(11)

The evaporative mass transfer to the glass cover (mev) from the water surface is
calculated as:

Md= 3600
∫ t2

t1

Mev dt (12)

The solar water desalination unit’s thermal efficiency (η) can be calculated as

η =
qewg

It
(13)

5. Results and Discussion

Solar Still with glass inclination angle of 45◦ gives maximum distilled output as
compared to its counter parts in Sargodha region on 22 June. Its productivity is 12.41%
more than the solar stills with an inclination angle 30◦ and 13.35% more than the solar still
with an inclination angle of 15◦, as shown in Tables 1–3.

Table 1. Time, total radiation, and distillate water for 15◦ solar still.

Time (Hours) Total Radiations It (W/m2) Distillate Water (Liters)

10–11 a.m. 1200.121 0.539977
10–12 p.m. 1199.938 1.197339
12–1 p.m. 1199.994 1.992371
1–2 p.m. 1200.184 2.950399
2–3 p.m. 1200.212 3.320589
3–4 p.m. 1200.043 3.592003

Table 2. Time, total radiation, and distillate water for 30◦ solar still.

Time (hours) Total Radiations It (W/m2) Distillate Water (Liters)

10–11 a.m. 1256.421 0.585175
10–12 p.m. 1256.443 1.305578
12–1 p.m. 1256.436 2.190179
1–2 p.m. 1256.411 3.277347
2–3 p.m. 1256.407 3.630326
3–4 p.m. 1256.431 3.916858
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Table 3. Time, total radiation, and distillate water for 45◦ solar still.

Time (hours) Total Radiations It (W/m2) Distillate Water (Liters)

10–11 a.m. 1176.705 0.993127
10–12 p.m. 1176.471 1.477627
12–1 p.m. 1176.551 2.303178
1–2 p.m. 1176.776 3.465561
2–3 p.m. 1176.806 3.838896
3–4 p.m. 1176.613 4.606433

6. Conclusions

In this paper, we applied numerical modelling techniques to calculate the distillate
water output of passive solar stills with three different inclination angles, i.e., 15◦, 30◦, and
45◦. The location of Sargodha, Punjab, Pakistan, on 22 June was the considered context.
Results were calculated after every hour of operation from 10 a.m. to 4 p.m. After applying
the mathematical modelling technique, it was shown that solar stills with a 45◦ angle
achieve the maximum amount of distillate, which was 4.606433 L more than the solar
stills with 15◦ and 30◦ inclination angles, which had distillate outputs of 3.592003 L and
3.916858 L, respectively. A proven mathematical technique used to find the distillate water
output of passive solar stills was proposed by Bao Nguyen [17], and we have further
utilized this method to predict the best inclination angle for maximum passive single-slope
solar still productivity.
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