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Abstract. Despite their limited water production and efficiency, double-slope solar stills are an appropriate solution for water scarcity in hot arid
regions. Numerous studies have focused on enhancing the effectiveness of double-slope solar stills. In this context, this study introduces a double-
slope solar with a solar air heater condenser (DSSS-SAHC). The back cover of a conventional double-slope solar still was replaced by a glass air heater
in order to recover the still’s thermal losses in heating air. The transient performance of the DSSS-SAHC was investigated numerically under real
weather conditions and compared to the performance of a conventional double-slope solar still (CDSSS) with the same aspects. The impact of various
weather and operation factors on the DSSS-SAHC performance was investigated at air flows of 0.01 and 0.1 kg/s to account for both natural and
forced air circulation, respectively. The results revealed an increase of about 15% and 6% in the thermal efficiency of the DSSS-SAHC over that of the
CDSSS, respectively, at air flows of 0.1 and 0.01 kg/s despite the DSSS-SAHC distillate was insignificantly greater than that of the CDSSS at both air
flows. In addition, the water distillate of the DSSS-SAHC increased as the solar irradiance increased, the ambient wind and ambient temperature had
contrary effects on the efficiency, and the initial saline water level had a negligible impact on the overall performance.
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1. Introduction

Solar desalination has emerged as the optimal method to tackle
the water crisis, especially in arid rural areas, and to mitigate the
climate-damaging effects of fossil fuels used to drive other
desalination technologies. Solar stills, in particular, provide a
straightforward, and cost-effective approach to distilling salty
water with minimal operational and maintenance costs. These
thermal desalination techniques include passive solar stills that
solely use solar energy in evaporating salty water, and active
solar stills that utilize additional thermal energies. An enormous
amount of research work has been devoted to evaluating and
enhancing the performance of various active and passive solar
stills. For instance, Mevada et al. (2022) increased the distillate
production of a conventional solar still (CSS) by 1.1 kg/m?.day
by using sensible energy storage materials. Elgendi et al. (2022)
optimized the pyramid still performance by feeding water
automatically to the still. Alwan et al. (2020) increased the
productivity of a CSS by about 292% by heating saline water in
an external collector and incorporating a hollow rotating
cylinder within the still to increase the evaporation area. Modi
et al. (2020) studied the effect of various initial water masses on
the performance of a spherical basin solar still with a parabolic
reflector. Kabeel et al. (2020) investigated the performance of a
tubular still combined with parabolic concentrators. Using
modified artificial neural networks, Essa et al. (2020) increased
the predicted productivity of active solar still by 53.2%.
Taamneh et al. (2020) studied the performance of an inclined
solar still combined with a spiral-tube solar water heater.
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Fallahzadeh et al. (2020) integrated a spiral collector, bubble
injector, and copper coil to a solar still in order to boost water
evaporation and condensation, respectively. By incorporating a
black wick belt driven by a DC motor and rotated horizontally
and vertically within the still, Abdullah et al. (2019) increased
CSS water production by 315% with nanoparticles and by 300%
without them. Tabrizi et al. (2010) predicted that the daily
production of a cascade weir-type solar still would decrease
from 7.4 kg/m2.day, at a minimum water flow rate, to 4.3
kg/m?.day, at a maximum water flow rate. Sathyamurthy et al.
(2020) increased the daily yield of stepped solar still by 34.2%
by coating its absorber plate with black paint containing 20%
fumed silicon oxide nanoparticles.

Passive basin-style solar stills are the most affordable and
easy solar stills to construct, operate, and maintain. This makes
them an excellent choice for rural areas with limited
manufacturing and maintenance resources. Although single-
slope solar stills are popular and commonly used, they are more
effective in colder climates than in warmer ones. In contrast,
double-slope solar stills (DSSS) perform better than single-slope
solar stills in hot climates, but in cold climates, they produce less
than single-slope ones. (Tiwari et al., 1986). The distillate yield
of DSSS was compared to those of single slope solar still (SSSS)
and pyramid solar still (PSS) (Ahmed et al, 2014). They
experimentally observed that the daily distillate of DSSS was
3.95 L, compared to 3.6 L for SSSS and 4.25 L for PSS. In
addition, the distillate yield of DSSS decreased with increasing
the water mass in the basin (Murugavel et al, 2010 and
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Murugavel & Srithar, 2011). Moreover, the tilt angle of the glass
covers of DSSS plays a key role in determining the thermal
performance of the still by governing the amount of solar energy
transmitted through the covers. In this regard, El-Maghlany
(2015) explored the optimal tilt angles of the two DSSS covers
for various latitudes. He concluded that the optimal tilt angle for
each cover depends on the south orientation of that cover and
that the optimal tilt angles of two covers are not necessarily
equal. Furthermore, Castillo-Tellez et al. (2015) investigated the
impact of wind velocity on the water production and thermal
efficiency of DSSS and concluded that a wind velocity of 3.5 m/s
is considered an optimum.

Several research studies have concentrated on improving
the efficiency of DSSS. For example, Murugavel et al. (2008)
compared the effects of using different wick and porous
materials in the basin of a DSSS on its yield. They discovered
that stills with black light cotton were the most productive ones.
Murugavel et al. (2010) studied the effect of employing various
sensible heat storage materials in the basin of DSSS on its
productivity. Raihananda et al. (2021) developed a double-slope
floating still with a wick absorber for coastal communities. Modi
& Jani (2021) increased the daily distillate output of a DSSS by
47.4% by affixing circular hollow fins to the basin plate. Patel et
al. (2020) modified a DSSS by incorporating transparent side
walls and an external reflector. Kumbhar (2019) experimentally
investigated the efficiency of a DSSS with and without Paraffin
wax PCM and an external reflector. Morad et al. (2015)
evaluated the performance differences between active and
passive DSSS with intermittent cover cooling. The study
revealed that the productivity and thermal efficiency of the
active still were 29% and 41%, respectively, greater than those
of the passive still. Maheswari et al. (2022) examined the
possibility of replacing the glass cover in DSSS with a
transparent PVC sheet. They realized that water condensate
adheres to the PVC cover, reducing the sunlight received by the
still and, as a result, decreasing the still distillate in comparison
to DSSS with a glass cover. By incorporating partially
submerged wick segments and fully submerged hollow fins,
Modi et al. (2022) increased the distillate yield of DSSS by
approximately 8.6% and 9.4%, respectively. Zayed et al. (2023)
increased the distillate output of DSSS by about 49.6% by
replacing the flat basin with a prismatic one covered with linen
wicks. Dwivedi and Tiwari (2010) compared the thermal and
exergy efficiencies of passive and active DSSS. They concluded
that passive DSSS has a greater thermal efficiency than active
DSSS, but that active DSSS has a greater exergy efficiency.
Hussen et al. (2023) increased the distillate yield and efficiency
of DSSS by about 40% by elevating the basin and employing
PCM mixed with nanoparticles. Hedayati-Mehdiabadi et al.
(2020) increased the water productivity and exergy efficiency of
DSSS by 11% and 27%, respectively, by incorporating a PV/T
collector to preheat saline water and a PCM to allow the still to
produce water overnight. Agrawal & Singh (2021) studied the
influence of saline water depth on the performance of DSSSs
equipped with PCM and steel wool fiber.

Enhancing the condensation of water vapor within the still
has a significant impact on its productivity. In this context, Fath
& Hosny (2002) tilted the back wall of a DSSS in order to remain
in the shade so that it could serve as a built-in condenser.
Nevertheless, the thermal losses from the condenser to the
ambient environment, which are unavoidable for the distillation,
account for a large portion of the energy input to the still. The
recovery of a portion of these losses can significantly boost the
thermal efficiency of the still (Rajaseenivasan & Murugavel,
2013 and Belhadj et al., 2015).

Int. J. Renew. Energy Dev 2023, 12(6), 977-986
| 978

In this study, the unavoidable thermal losses from the back glass
cover of a DSSS to the ambient environment were partially
recovered in air heating, which will significantly improve the
overall thermal efficiency of DSSS as a whole. Specifically, the
back glass cover of a DSSS was replaced with a glass solar air
heater condenser (SAHC) to comprise a double-slope solar still
with a solar air heater condenser (DSSS-SAHC). The DSSS-
SAHC is suitable for providing distillate water for residence and
agricultural usages, as well as hot air for space heating and crop
drying. The thermal performance of the DSSS-SAHC was
investigated numerically under weather conditions of Sakaka,
Saudi Arabia (located at 29.9° N, 39.8° E) and compared to that
of an identical conventional double-slope solar still (CDSSS).
The impact of both natural and forced circulation on the
performance of the DSSS-SAHC was taken into account. The
influence of a variation in weather conditions such as solar
intensity, ambient temperature, and ambient wind speed, and
operation parameters such as air flow rate and initial basin water
level on distillate productivity and air heating within the DSSS-
SAHC was investigated.

2. Methodology
2.1 System Description

Figure 1 depicts the schematic diagram of the DSSS-SAHC in
comparison to a CDSSS with the same basin size. The DSSS has
a 1 m x 0.5 m basin made of 3 mm thick galvanized steel. The
inner surface of the basin was black coated to maximize the
absorption of solar energy, while the outer surface was insulated
by an extruded polystyrene board 5 cm thick. The glass covers
of the still are 3 mm thick window glass and were tilted 30
degrees in the horizontal plane, which is equal to the latitude
angle of Sakaka, Saudi Arabia, in order to maximize incident
solar irradiance normal to the glass cover. The glass covers
were fixed at 0.1 m above the basin and sealed to avoid water
vapor leakage. The SAHC is a 0.5 m X 0.05 m glass channel
made from a 3 mm thick window glass sheet that replaced the
back glass cover of the basin. The thermophysical properties of
the components of the DSSS-SAHC are listed in Table 1. Water
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Fig 1. Scheme of (a) DSSS-SAHC, (b) CDSSS.
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Table 1

The thermophysical properties of the DSSS-SAHC components.
Property Glass Basin Insulation

cover

Density (kg/m?) 2700 2707 30
Specific heat (kJ/kg.K) 0.840 0.896 1.500
Thermal conductivity 0.78 204 0.025
(W/m.K)
Transmissivity 0.87 0.0 0.0
Absorptivity 0.05 0.9 0.1

distillate is condensed inside the still on the front glass cover
and the back SAHC, and collected in bottles outside of the still.
Ambient air is drawn inside the SAHC either naturally or using
a DC fan where it is heated by recovering the condensation
energy of the distillate.

2.2 Energy Analysis of CDSSS and DSSS-SAHC

The energy analysis of the DSSS-SAHC in comparison to that of
the CDSSS is illustrated in Fig 2. The energy analysis for the
cover (gl) of both stills is identical; however, the energy stored
in the cover (g2) of the CDSSS is lost to the ambient
environment, whereas it is partially recovered by the airflow in
the DSSS-SAHC.

The expression for the energy equation of the glass
cover (gi) in the DSSS-SAHC and the CDSSS is

Qegtsky Qrgz2-sky (a)
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I
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\ T gz 92
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Fig 2. Energy analysis of (a) DSSS-SAHC, (b) CDSSS.

Int. J. Renew. Energy Dev 2023, 12(6), 977-986
| 979

mgl Cg] —dt

= g1+ QR, sw-gl + QC, sw-gl + Qe, sw-gl

- QR, gl-sky — QC, gl-amb

where, Sg; is the absorbed portion of solar energy by the cover
(81), Qg su.g: is the radiation heat transfer for the saline water in
the basin to the cover (gi), Q¢ swegl is the convection heat

transfer from the saline water to the cover (g:) through the air
inside the still, Q.. sw- o is the convection mass transfer from the

saline water to the cover (gi) through the air inside the still,
Qg, ¢1.5ky 1s radiative losses from the cover (gi) to the sky, and

Qc, g1.am» 1s the convective losses from the cover (gi) to the
surrounding ambient, which are defined as follows.

Sgr = aglAg (1a)
Qg swgt = 0 Esw For A, (T — Tgh) (1b)
Qc, sw-gl — hsw.g1 Ap (Tsw - Tg]) (1c)
Q, swgt = e Ay (Poy — Pgr) (1d)
Qg g1sky = 0 €5 Agi (Tg41 - T;},{y) (le)

Tgy = 0.0552T, amb (1)
Qc, gramb = Mgramv A, (Tt = Tams) (1g)

The energy equation of the glass cover (gz) in the CDSSS is

dT,,

Mgz Cg2 dt OR sw- g2 + QC sw-g2 + Qe sw- g2 QR, g2-sky

- QC, g2-amb

while the energy equation of the glass cover (gz) in the DSSS-
SAHC

mgzcgz dt QRSWg2+ QCswg2+Qeswg2

(3)

- QR, g2-g22 QC, g2-a

where, Qp ., is the radiation heat transfer from the saline
water to the cover (g2), Q. ) is the convection heat transfer

from the saline water to the cover (gz) through the air inside the
still, Q, .4, is the convection mass transfer from the saline

water to the cover (g:) through the air inside the still, Qg 54, is
radiative losses from the cover (g2) to the sky, Q¢ g qmp is the

convective losses from the cover (g2) to the surrounding
ambient, Qp 4,5, is the radiation heat transfer between the

covers (gz) and (gz2), and Q¢ ,,,, is the convection heat transfer

from the cover (g2) to the flowing air inside the SAHC, which are
defined as follows.

QR, sw-g2 — 0 &y FgZ Ab (Ts3|/ - ng) (38.)
QC. sw-g2 = hsw-gZ Ay (Tsw - ng) (3b)
Qe sw-g2 — h Ab (P - P ) (3C)
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OR, g2-sky =0 gg AgZ (T;Z - T;]l(y) (3d)
QC, g2-amb = th-amb AgZ (TgZ - Tamb) (36)
0 Agy (Tgh — Tghy) (3f)
Qr g2922 = 2 —
<1
&
QC, g2-a = th—a AgZ (TgZ - Ta) (Sg)

Additionally, most of the thermal energy absorbed by the glass
cover (gz2) in the DSSS-SAHC is transferred to the airflow by
convection and to the surrounding environment by convection
and radiation as follows.

Mg22 22 g T QR, g2-g22 QC, g22-a ~ QR, g22-sky

(4)

- QC, g22-amb

where, Q¢ g;,, is the convection heat transfer from the cover
(g22) to the flowing air inside the SAHC, Qp 45,4, is radiative
losses from the cover (gx) to the sky, and Qg gy;qmp is the

convective losses from the cover (gz) to the surrounding
ambient, which are defined as follows.

Qc g22.0 = hgzza Agaz (Tyzz— Ta) (4a)
Qg, g22sky = 0 €5 Agaz (T;zz - Ts‘}ry) (4b)
oC', g22-amb = thZ-amb AgZZ (TgZZ - Tamb) (4C)

The energy equation of the flowing air within the DSSS-SAHC is

dT,
mq CaT: = QC, g2-a + QC, g22-a (5)

The energy analysis for the saline water in the basins of both
stills is as follows.

dT,
Mgy Cg,, d;W = Sowt Q¢ bsw — Q¢ swer — Qc swogz

(6)

- Qe, sw-gl Qe, sw-g2 QR, sw-gl
- QR, sw-g2
Msw = Mgy,0 — Myjeld (7)

where, S, is the absorbed portion of solar energy by the saline
water, and QC’ ».sw 18 the convection heat transfer from the basin
to the saline water, which are defined as follows.

Sow = Tg Qg [Ap (7a)
oC', bsw — hb-sw Ab(Tb - Tsw) (7b)

The basins in the DSSS-SAHC and the CDSSS absorb solar
radiation and heat the saline water and the basin insulation,
respectively, through convection and conduction heat transfer
as follows.

dT,
My Co—r = S6 = Qc pow ~ Qca, i (8)
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where, S}, is the absorbed portion of solar energy by the basin,
and Qg ,; is the conduction losses from the basin to the
insulation, which are defined as follows.

Sp = Tg Taw ap [Ap (8a)
kp X k;
27 A (T, - T)
Qcgpi= ——F (8b)
cd bi = L, + L;
2

The basins insulations in the DSSS-SAHC and the CDSSS losses
thermal energy to the ambient environment by convection and
radiation.

dT;
m; CiTtl = Qcq 5i~ Qr isky — Qc, iamb (9)

where, Qp, 4, is radiative losses from the insulation to the sky,
and Q¢ ;4mp 1S the convective losses from the insulation to the
surrounding ambient, which are defined as follows.

QR, isky = O & A (Tz4 - Tslltcy) (9a)

QC, i-amb = hi—amb A,‘ (Tl - Tamb) (gb)

2.3 Thermal Performance of CDSSS and DSSS-SAHC

The overall thermal efficiency of the DSSS-SAHC is expressed
as

N=Nstitt T Nheater

t=t,
S ((yiera X H) + (g x Co X AT,)) (10)
Ziz;sunIA

While the overall thermal efficiency of the CDSSS is

Tics” (Myieta X H)

= (11)
Z:;Bsun I A

Nstinn =

3. Results and Discussion
3.1 Weather Conditions

As shown in Fig 3, the weather conditions in Sakaka, Saudi
Arabia (located at 29.9° N, 39.3° E) were measured on
September 25%. During the day, the solar flux, incident on a 30°
inclined plane, increased gradually from the morning until it
reached a maximum of approximately 1050 W/m? around noon.
Consequently, the temperature increased as well to its highest
point of 41°C two hours afternoon. Both the solar flux and the
surrounding temperature dropped off in the afternoon while the
wind speed was observed to vary during the day around an
average wind speed of 1.5 m/s.

The measured solar intensity was correlated with respect
to time as a fourth-degree polynomial function as follows.

I(t) = 321194t* — 645790t3 + 451032t2
(12)
— 127219t + 12551

Similarly, the measured ambient temperature was correlated
with respect to time as a third-degree polynomial function as
follows.
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Fig 3. Weather conditions at Sakaka, KSA on September 25,
Tomp(t) = —193.96t3 + 124.08t% + 63.724t
(13)

+ 0.0746

The correlated weather data were employed in the numerical
model to investigate the performances of the DSSS-SAHC and
the CDSSS.

3.2 Overall Performance of DSSS-SAHC

Fig 4 compares the temperature distributions inside the DSSS-
SAHC for air flows of 0.01 and 0.1 kg/s (representing natural
and forced air circulations, respectively) with those inside the
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Fig 4. Temperature distributions: (a) DSSS-SAHC, (b) CDSSS.
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CDSSS based on the weather conditions in Fig 3. In general, the
components’ temperatures of the CDSSS are lower than those
of the DSSS-SAHC at both 0.01 and 0.1 kg/s air flows. This is
due to the presence of the SAHC, which reduces the losses from
the glass cover (g2) to the ambient surroundings and,
consequently, results in conserving thermal energy within the
components of the DSSS-SAHC. Consistently, the components
temperatures of the DSSS-SAHC for the case of 0.1 kg/s air flow
are lower than those for the case of 0.01 kg/s. This can be
attributed to the increased cooling effect of the air as its flow
rate increases. However, the air exit temperature (T>) is slightly
higher for the case of 0.01 kg/s air flow than for the case of 0.1
kg/s due to the inverse proportion between the flow rate and
the air temperature difference.

Fig 5 compares the distillate yield and the overall
thermal performance of the DSSS-SAHC at air flows of 0.01 and
0.1 kg/s to those of the CDSSS. The yields of the DSSS-SAHC
at both air flows are marginally greater than that of the CDSSS.
This is because of the air cooling of the back cover (g2) by the
air flow inside the SAHC. In addition, the yield of the DSSS-
SAHC at an air flow of 0.1 kg/s is insignificantly greater than
that at an air flow of 0.01 kg/s due to the increase in the air
cooling of the back cover with the increase in the air flow rate.
However, the overall efficiency of the DSSS-SAHC at an air flow
of 0.1 kg/s is approximately 9% greater than that at an air flow
of 0.01 kg/s. This is attributed to the increase in the efficiency
of the SAHC with the increase in the air flow, which adds up to
the overall efficiency of the DSSS-SAHC. Furthermore, the
efficiencies of the DSSS-SAHC at 0.1 kg/s and 0.01 kg/s are
approximately 15% and 6% greater than that of the CDSSS. This
is because the recovery of the thermal losses of the DSSS in
heating air inside the SAHC as an additional product contributes
to the overall efficiency of the DSSS-SAHC.

The water distillates on the glass covers (g1) and (gz) of the
DSSS-SAHC at air flows of 0.01 and 0.1 kg/s are illustrated in
Fig 6 and compared to those of the CDSSS. The presence of the
SAHC reduced the thermal losses to the surrounding ambient
and, hence, reduced the amount of distillate condensed on the
glass cover (g2) of the the DSSS-SAHC at both flows of 0.01 and
0.1 kg/s compared to the CDSSS. Consequently, the DSSS-
SAHC distillates condensed on the glass cover (gi) are greater
than that of the CDSSS. In addition, as the temperature of the
glass cover (g2) of the DSSS-SAHC decreased with the increase
in the air flow from 0.01 to 0.1 kg/s, the distillate on the glass
cover (g2) increased with the increase in the air flow at the
expense of the distillate condensed on the glass cover (gi)
decreased.
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Fig 6. DSSS-SAHC water production as compared to CDSSS.
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Fig 7. Air heat gain at various air flow rates.

Additionally, the air heat gain within the SAHC is shown in Fig
7 at air flows of 0.1 and 0.01 kg/s. At an air flow of 0.1 kg/s, the
air heat gains by convection from glass covers (g22) and (gz) are
respectively about double and three times those at an air flow
of 0.01 kg/s as a result of the increase in the convection heat
transfer from the glass covers to then flowing air with the
increase in the air flow rate. This, in turn, explains the increase
in the efficiency of the DSSS-SAHC with the increase in the air
flow rate.

Fig 8 compares the energy losses from the DSSS-SAHC to
the ambient surroundings at air flows of 0.1 and 0.01 kg/s to
those from the CDSSS. It is shown that the losses from the glass
cover (g22) of the DSSS-SAHC at air flows of 0.1 and 0.01 kg/s
are less than half the losses from the glass cover (g:) of the
CDSSS. This can be attributed to the partial recovery of these
losses by the flowing air in the SAHC. In addition, the losses at
an air flow of 0.01 kg/s are greater than those at an air flow of
0.1 kg/s as the bigger the flow rate, the bigger the recovery of
the thermal losses. Consequently, as a result of the reduction in
the losses from the glass cover (g2), the losses from the glass
cover (gi1) of the DSSS-SAHC at air flows of 0.1 and 0.01 kg/s
increased as compared to those in the CDSSS. Furthermore, the
difference between the losses from the basin in the DSSS-SAHC
at air flows of 0.1 kg/s and 0.01 kg/s and those from the CDSSS
is negligible as the temperatures of the basins of the DSSS-
SAHC and the CDSSS are almost equal.
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Fig 8. Losses from glass covers and basin insulation to
surrounding ambient.
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Fig 9. Influence of air flow rate on the overall performance of
DSSS-SAHC.

3.3 Effect of Air Flow Rate on the Overall Performance

The overall performance of the DSSS-SAHC at different air
flows and based on the weather conditions presented in Fig 3 is
shown in Fig 9. Increasing the air flow (the transition from
natural to forced circulation) decreased the air temperature
difference at the SAHC’s exit exponentially, increased the
overall thermal efficiency by about 26 %, and reduced the
distillate condensed on the glass cover (g2) by about 0.36 liters
while increased the distillate condensed on the glass cover (g1)
by nearly the same amount. Nevertheless, for all air flows, the
distillate condensed on the glass cover (gi) is greater than that
on the cover (gz). The reason for that is the presence of the
SAHC decreased the release of the thermal losses from the
cover (g2) to the ambient surroundings as compared to those
from the cover (g:), which led to a substantial increase in the
temperature of (gz) over that of (g:). As a result, the temperature
difference between the saline water and the glass cover is
greater in the case of (gi) as compared to (gz), and hence the
distillate condensation on (g:) is greater than that on (g2). In
addition, the decrease in the temperature of (g:) as the air flow
rate increases caused an increase in the distillate condensation
on (g2) at the expense of that on (gi1). Moreover, due to the
inverse proportion between the air flow rate and the air
temperature, the increase in the air flow rate significantly
reduced the air exit temperature despite the increase in the air
heat gain by the air due to the increase in its flow rate.

3.4 Effect of Weather Conditions on the Overall Performance

The solar irradiance intensity plays a vital role in the
performance of the DSSS-SAHC as the thermal input to the still.
Fig 10. depicts the overall performance of the DSSS-SAHC at
different solar irradiance intensities and air flows of 0.01 and 0.1
kg/s. The increase in the solar irradiance intensity from 950 to
1150 W/m? increased the still productivity by about 0.7 liters.
This is attributed to the increase in the energy input to the still,
which agrees with the results of the numerical study conducted
by Fath & Hosny (2002). However, the variation in the air flow
had an insignificant effect on water production for various solar
intensities. In addition, the air exit temperature difference
increased by about 0.6°C and 0.2°C, and the thermal efficiency
increased by 1% and 2%, respectively, at air flows of 0.01 and
0.1 kg/s. This is because of the increase in the distillate
condensation on the cover (g2) and, hence, the heat recovery by
the air inside the SAHC.
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Fig 10. Influence of solar irradiation intensity on the overall
performance of DSSS-SAHC.

The ambient surroundings temperature controls heat transfer
(thermal losses) between the still and the surroundings.
Therefore, the increase in ambient temperature reduces the
still’s thermal losses. The impact of ambient air temperature on
the DSSS-SAHC performance is illustrated in Fig 11. The rise in
the ambient temperature from 30 to 50 °C increased the water
distillate by 0.13 liters and 0.15 liters, respectively, for air flows
of 0.01 and 0.1 kg/s. This is because of the reduction in the
thermal losses from the system to the ambient surroundings.
This finding is consistent with the numerical results of Fath &
Hosny (2002). In addition, the DSSS-SAHC thermal efficiency
increased by about 3% at an air flow of 0.01 kg/s and by 5% at
an air flow of 0.1 kg/s as a result of the increase in distillate
production. However, the exit air temperature changed
marginally for both air flows with the increase in the entering
ambient air. The ambient wind influences the still energy losses
to the ambient and, consequently, the DSSS-SAHC overall
performance. Fig 12 illustrates the effect of increasing the
ambient wind speed on the performance of the DSSS-SAHC at
air flows of 0.01 and 0.1 kg/s. As shown in the figure, the rise in
the wind velocity from 2 to 6 m/s reduced the thermal efficiency
of the DSSS-SAHC by 2% and 4%, respectively, at air flows of
0.01 and 0.1 kg/s. This can be attributed to the increase in the
losses from the DSSS-SAHC to the ambient surroundings with
the rise in wind velocity. However, for both air flows, water
production, and exit air temperature decreased insignificantly

8 ? [
— - =Air Temp Diff 100
S Still Productivity - €0
1 % Efficiency 0.01kgls-01kI/S | 55

- o)
06
o ~ F7o
8 . B
g 2
5 0.01kgls - 0.1 kgls = % E
g, L 152 |50 ¢
® 0.01kg/s - 0.1 kgls T |4l
Bl o U P
s F——— T3 lao
£, ] s
s = L2
z L 05

I 10

0 - - ' ¢ -’

30 35 40 45 %0

Ambient temperature (°C)

Fig 11. Influence of ambient air temperature on the DSSS-SAHC
overall performance.
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as a result of the marginal increase in the thermal losses from
the still to the ambient surroundings. The influence of the
ambient wind velocity on the overall performance of the DSSS-
SAHC agrees with the experimental results of Castillo-Téllez et
al. (2015).

3.5 Effect of Basin’s Water Height

Finally, the effect of the DSSS-SAHC basin’s water height is
shown in Fig 13. At air flows of 0.01 to 0.1 kg/s, increasing the
basin’s water height from 6 mm to 14 mm insignificantly
reduced the DSSS-SAHC’s water production, exit air
temperature, and thermal efficiency. The reason is that
increasing the mass of the water in the basin led to a marginal
decrease in its temperature and, hence, the heat and mass
transfer from the water to the glass covers, which, in turn,
reduced the distillate condensation and the thermal losses
recovery by the air in the SAHC. For example, a difference in air
temperature of about 2°C was predicted when decreasing air
flow from 0.1 to 0.01 kg/s at a water height of 6 mm, while the
difference decreased slightly at a water height of 12 mm due to
the reduction in the temperatures across the SAHC.
Nevertheless, when increasing air flow from 0.01 to 0.1 kg/s at
a water height of 6 mm, a difference in thermal efficiency of
approximately 9% was predicted, while the difference grew
slightly at a water height of 12 mm as a result of reducing the
losses from the system. The influence of the basin’s water height
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Fig 13. impact of initial basin water height on the DSSS-SAHC
overall performance.
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Table 2
The performance of the DSSS-SAHC as compared to other passive DSSSs described in the literature.
Distillate Thermal
DSSS design modification production performance Reference
(kg/m?.day) (%)

External reflector 498 69% .
Sensible heat storage material 3.76 54% Gnanaraj & Velmurugan (2022)
Finned basin 35% Tuly et al. (2021)
Circular finned basin 27% Jani & Modi (2019)
Truncated conic finned basin 1.84 58.6% .
Parabolic finned basin 52.8% Kaviti et al. (2021)
Elevated basin 4.15 40% Hussen et al. (2023)
Al;03 nanofluid 7.46 50% .
TiO2 nanofluid 7.05 46% Sahota & Tiwari (2016)
Gravel, carbon black nanofluid, and glass cooling . 46.9%
Gravel, black wick, and glass cooling 4.37 48.7% Elmaadawy et al. (2021)
Gravel, black wick, carbon black, and glass cooling 491 59.5%
Stepped DSSS, and linen wicks 3.26 40.8%
Stepped DSSS, qnd car})on black nanoparticles 3.55 49.9% Sharshir et al. (2020)
Stepped DSSS, linen wicks, and carbon black

. 4.46 60.2%
nanoparticles
Prismatic basin, linen wicks, and glass cooling 49% Zayed et al. (2023)

Solar air heater condenser

67% - 76% Present study

is consistent with the consecutive research work conducted by
Murugavel et al. (2008 and 2010).

3.6 Comparing the Present Study to Previous Studies

In addition, Table 2 compares the performance of the current
DSSS-SAHC to that of other passive DSSSs in the literature. The
majority of the studies cited in the table were concerned with
increasing the distillate production of the DSSS through
increasing the solar energy input by the use of an external
reflector (Gnanaraj & Velmurugan, 2022), enhancing the
evaporation of saline water by insertion of nanoparticles (Sahota
& Tiwari, 2016 and Sharshir et al., 2020) and by covering the
basin with black wick (Elmaadawy et al., 2021 and Sharshir et
al, 2020), increasing the evaporation area by incorporating
various shapes of fins (Tuly et al., 2021, Jani & Modi, 2019, and
Kaviti et al., 2021), storing solar energy to extend distillate
production after sunset (Gnanaraj & Velmurugan, 2022 and
Elmaadawy et al., 2021), and enhancing distillate condensation
by glass cooling (Elmaadawy et al., 2021 and Zayed et al., 2023).
However, the current study focused on recovering the
inevitable thermal losses of the simplest conventional DSSS in
heating ambient air in order to produce both distillate water and
hot air simultaneously for the same solar energy input to the still.
In addition, the current study did not adopt any of the
aforementioned modifications, which explains the recess in the
distillate production of the current study as compared to most
of the studies listed in Table 2. Even though, the distillate
productivity of the current study is greater than those of Tuly et
al. (2021), Jani & Modi (2019), and Kaviti et al. (2021). However,
recovering the thermal losses of the DSSS in producing hot air,
in the current study, significantly contributed to enhancing the
overall thermal efficiency of the current DSSS-SAHC. This can
be recognized by the superiority of the overall thermal efficiency
of the current DSSS-SAHC over those of the DSSSs cited in
Table 2.

4. Conclusions

A combined DSSS-SAHC was numerically modelled, and its
thermal performance under measured weather conditions of
Sakaka, Saudi Arabia (located at 29.9° N, 39.8° E) was
investigated and compared to that of CDSSS of the same basin
area. The DSSS-SAHC was created by replacing the back cover
of CDSSS with a glass air heater in an effort to recover still
thermal losses in heating air. Air flows between 0.01 and 0.1
kg/s were considered to account for both natural and forced air
circulation, respectively. The efficiency of the DSSS-SAHC was
about 15% and 6% greater than that of the CDSSS, respectively,
for air flows of 0.1 and 0.01 kg/s despite the distillate of the
DSSS-SAHC was insignificantly greater than that of the CDSSS
at both air flows. In addition, the bigger the air flow rate, the less
the exit air temperature. Moreover, the DSSS-SAHC produced
significantly more water distillate with an increase in solar
irradiance, while its efficiency increased marginally. In contrast,
the distillate increased insignificantly as the ambient
temperature rose, whereas the efficiency increased by about 3%
to 5%. In addition, faster wind speed reduced the DSSS-SAHC
efficiency by about 2% to 4% without significantly affecting the
water distillate or exit air temperature. Similarly, increasing the
initial basin water level had a negligible impact on the water
distillate, efficiency, and air exit temperature.
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Nomenclature

A Area

c Specific heat

F Radiation view factor
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h Heat transfer coefficient
H Latent heat of evaporation
I Solar Irradiance intensity
k Thermal conductivity

L Thickness

m Mass

P Partial pressure

Q heat transfer rate

S Absorbed solar radiation
T Temperature

t Time

Greek Letters

D Difference

a Surface absorptivity

e Surface emissivity

X Efficiency

s Stefan-Boltzmann constant
t Surface transmissivity
Subscripts

a Air

amb Ambient environment

b Basin

C Convection heat transfer
cd Conduction heat transfer
e Evaporation

g gl,g2 g22 Glass cover

heater Solar air heater

i Basin insulation

o Initial state

P Projection

op Operation duration

R Radiation heat transfer
sky Sky temperature

still Solar still

sun day time

sw Saline water

yield Water distillate
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