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Abstract: When examining the research literature relating to single slope solar stills it is apparent that
much of the work has been conducted in an ad-hoc manner. This has led to several recommendations
relating to the geometry of stills having developed that do not appear to have a sufficient evidentiary
basis. To address this issue, this study used computational fluid dynamics simulations to examine
the natural convection in single slope solar stills with cover angles between 0◦ and 60◦ and aspect
ratios ranging from 1 to 8, with the results validated experimentally. Treating cover angle and aspect
ratio as independent design variables showed that there are some features of the natural convection
flow that account for the variation in yields reported in the literature (transitions between uni- and
multi-cellular flow). More specifically, it was shown that the geometric effects could be correlated
in the form of a generalized relationship and that this was able to predict the yield from several
independent solar stills reported in the literature. As such, the use of the relationship will allow
single slope solar stills designers to predict their yield far more accurately than is currently possible.
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1. Introduction

Single slope solar stills are one of the oldest, simplest, and most widely researched
water desalination technologies [1,2]. Given their pervasiveness, they frequently serve as a
basis for comparison with other designs, while also having been the subject of numerous
investigations aimed at increasing their yield by varying their geometry, absorber, glazing
and insulation materials [3–10].

However, to investigate the performance of any solar distillation system, character-
izing the transport processes in them is the first step in parametrically analyzing their
productivity [11]. In considering the transport mechanisms taking place in solar stills,
special consideration has been earmarked to the heat and mass transfer exchange between
the water basin and the glass cover, as this determines the still’s yield. This is because, in
passive stills, natural convection is responsible for the transport of the water evaporated in
the basin to the cool inclined cover. In turn the heat transfer associated with the natural
convection and the evaporation are intrinsically linked. This flows through into mass
transfer by virtue of the analogy between the two mechanisms. Because of this link, an
improved understanding of the natural convective heat transfer has formed the basis of
many studies looking to determine or improve the yield of single slope solar stills.

One of the oldest and most widely used approaches to describe the exchange between
the glass cover and water basin is a relationship developed by Dunkle [12]. This equation
has been extensively used [13–26] to estimate the convective heat (and mass) transfer
coefficient in single slope solar stills. However, when examining the secondary reference
upon which it was developed [27], it is apparent that the relationship applies to natural
convection heat transfer occurring between two parallel horizontal surfaces. In this respect
it is a poor representation of the geometry seen in a typical single slope solar still, and thus
limits the ability to undertake a systematic analysis of single slope solar stills.
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Since Dunkle’s relationship was developed, numerous researchers have noted that it
provided a poor prediction of the yield from their solar stills, without necessarily engaging
with the principal assumptions built into it. Rather, to overcome the shortcomings of
Dunkle’s relationship, numerous variations and ‘corrections’ have been developed over
the years [28–37]. Often, these studies have used experimental testing under uncontrolled
conditions (e.g., outdoor testing of a single still design), and have explored a limited set of
physical design parameters.

One of the challenges that arises from these studies are the widely different, and often
conflicting conclusions drawn about the optimum cover angle [31], and to a lesser extent
the aspect ratio (the ratio of the basin width to the average height of the still’s inclined
cover). For instance, numerous researchers have suggested that the cover angle of the
single slope solar still should be equal to the latitude of the case study location [33,38–42].
However, the rationale to support this assertion (the rule of thumb that a solar collector
should be inclined at an angle equal to its operational latitude) appears to be unfounded, as
the primary absorber surface in a solar still is the horizontal basin, not the inclined absorber
of a typical solar collector. As a case in point, some of the studies recorded in [43,44] show
a clear disparity between the optimum inclination angle and the latitude of the location
under consideration.

Given the extensive research that has been undertaken into single slope solar stills, it
is surprising that there is no clear distinction between the effect that the cover inclination
angle and the aspect ratio have on a still’s yield. Where an attempt has been made to
consider the aspect ratio or cover angle, it is apparent that the studies tend to treat the
effect of cover angle and aspect ratio as a single entity. As such, they do not show the effect
of either parameter independently, despite it being known that natural convection inside
enclosures is strongly linked to their shape. Consequently, the correlations currently used
in analyzing solar stills are limited in their ability to predict the yield of single slope solar
stills for a wide range of geometries.

The present study therefore attempts to generalize these parameters in order quantify
the relationship between the natural convection, the single slope solar still aspect ratio,
the cover angle, and the single slope solar stills’ freshwater production. This will allow
future researchers and practitioners to undertake systematic parametric design analyses,
and optimization, of the productivity of single slope solar stills more accurately than is
currently possible.

2. Method

In the preceding section, it was noted that heat and mass transfer are intrinsically
linked, and that there exists an analogy between the two. Given this link, it is possible to
use an understanding of the natural convection heat transfer to inform the mass transfer in
a solar still. Hence, to develop an understanding of the natural convection heat transfer
inside single slope solar stills, steady-state simulations were performed using ANSYS’s
commercial computational fluid dynamics (CFD) software, FLUENT 19.2. CFD has proven
to be a powerful tool for obtaining reliable results when dealing with natural convection
flow inside enclosures and has been extensively utilised in single slope solar still studies
due to its low cost compared to performing real experiments [31,32,45–47]. Moreover, it
allows testing to be undertaken over a wider range of parameters than would be feasible
(and that have been reported) experimentally.

Determination of natural convection heat transfer coefficients in 3D geometries using
CFD can be complex due to the difficulty of convergence and the high computational
cost [48]. Therefore, most studies assume 2D planar geometries when dealing with solar
still-like problems. This assumption was made in this study noting that single slope solar
stills are typically quite long, relative to their breadth, and their geometry does not vary
along the length of the still.

The fluid modelled in the simulation was assumed to be an incompressible ideal gas
with the physical properties of humid air. It was assumed that the floor of the enclosure



Energies 2022, 15, 7244 3 of 18

was heated with a constant temperature, while the inclined wall (the still cover) was cooled
at a constant temperature as shown in Figure 1. Furthermore, under ideal conditions a solar
still’s side walls are well insulated, hence the side walls in the simulation were assumed to
be adiabatic [31,34,49,50].
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Figure 1. Boundary conditions used in this study.

Now, in a previous experimental investigation of the flow patterns inside a double
slope solar still type geometry [51] it was found that the transition to turbulence occurred
at approximatively Ra = 0.7 × 105. Similarly, an investigation of natural convection in a
triangular enclosure (similar to a single slope solar still geometry) using flow visualization
found that the flow was turbulent at Ra = 4.7 × 108 [52]. Hence, this study considered
the flow to be turbulent since the range of Rayleigh numbers was between 3.37 × 106

and 3.03 × 109. As research has shown that the Realisable k-ε model exhibits excellent
performance when dealing with natural convection in enclosures [48,53], it was used to
resolve the turbulence field in this study. In addition, the discretized form of the continu-
ity equations, were resolved using a coupled algorithm to handle the pressure–velocity
coupling. The convection–diffusion terms were solved using a second order upwind ap-
proach, and, since the temperature changes in the working fluid were small, the Boussinesq
approximation was applied in the treatment of the buoyancy. In solving these equations,
a solution was assumed to have been reached when the residuals of the equations were
lower than 10−5.

In exploring the effect of geometry on the heat transfer, simulations were performed
for a range of aspect ratios (B/L = 1–8) and inclination angles of the cover relative to the
horizontal (θ = 0◦–60◦), with each parameter varied independently, as shown in Figure 2.
Although it may seem infeasible to consider single slope solar stills with low cover in-
clination angles such as 0◦ < θ < 10◦ (due to the possibility of condensed water droplets
falling back into the brackish water basin) some studies have considered solar stills with
external condensers and lower angles, down to an inclination angle of 0◦ [54], and so these
conditions were included in this work too.



Energies 2022, 15, 7244 4 of 18Energies 2022, 15, x FOR PEER REVIEW 4 of 19 
 

 

 

Figure 2. Single slope solar still geometry variation. 

Given the spatial discretization used in CFD, it was crucial to perform a mesh sensi-

tivity, and mesh independence, analysis to minimize the simulation time without decreas-

ing the accuracy of the results. The grid used was structured with primarily quadrilateral 

elements and a smaller number of triangular elements (because of the angle in the enclo-

sure) as shown in Figure 3.  

 

Figure 3. Computational mesh used in this study. 

Twenty inflation layers were used, with a growth ratio of 1.05, to capture the bound-

ary layer. Moreover, to ensure the correct treatment of the viscous sublayer, the distance 

between the wall and the first node of the grid was varied until the y + value was approx-

imatively equal to 1 [48,55].  

Additionally, the convective heat transfer coefficient at the hot surface was examined 

for a range of mesh sizes to determine when they became independent of the element size. 

Since the hot surface area was kept constant, the latter coefficient depends on the total 

Figure 2. Single slope solar still geometry variation.

Given the spatial discretization used in CFD, it was crucial to perform a mesh sensitiv-
ity, and mesh independence, analysis to minimize the simulation time without decreasing
the accuracy of the results. The grid used was structured with primarily quadrilateral ele-
ments and a smaller number of triangular elements (because of the angle in the enclosure)
as shown in Figure 3.
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Figure 3. Computational mesh used in this study.

Twenty inflation layers were used, with a growth ratio of 1.05, to capture the bound-
ary layer. Moreover, to ensure the correct treatment of the viscous sublayer, the distance
between the wall and the first node of the grid was varied until the y + value was approxi-
matively equal to 1 [48,55].

Additionally, the convective heat transfer coefficient at the hot surface was examined
for a range of mesh sizes to determine when they became independent of the element
size. Since the hot surface area was kept constant, the latter coefficient depends on the
total heat flux of the hot surface, and the temperature difference between the hot and cold
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surface (Equation (1)). In Figure 4 it is apparent that there was no significant change to the
heat transfer coefficient for elements smaller than 0.002 m, for all angles. Given this mesh
independence, this configuration was used for the study.

hcv =
qh

Th − Tc
(1)
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3. Validation

Before undertaking a full CFD analysis of a solar still, it was necessary to undertake a
validation of the modelling methodology. To achieve this, particle image velocimetry (PIV)
was used to investigate the flow inside a typical solar still geometry. Now, under typical
conditions in solar stills, saturated air transports water vapor from the basin (where solar
radiation is absorbed) to the cover (where the water is condensed) by natural convection.
However, to ease the use of PIV in the validation experiment, silicon oil (100 cSt) was used
as an analogue to this moist air in an operational still.

Despite this difference in transport media, the dimensions of the experiment and the
silicone oil properties were matched such that the Rayleigh number (Equation (2)) in the
experiments fell within the range of Rayleigh numbers likely to be encountered in normal
single slope solar still operating conditions. To this end, an experimental single slope solar
still-like geometry was fabricated with a 0.4 m × 0.4 m base (B ×W), and back and front
wall heights of 0.331 m and 0.1m respectively, giving a cover inclination of 30◦, as shown in
Figure 5.

Ras =
ρs

2gβs(Th − Tc)CpsL3

λsµs
(2)
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Figure 5. Schematic representation of experimental enclosure.

In fabricating the experiment, the back, front, and side walls of the still enclosure
were made of transparent acrylic sheets to allow optical access. The front and back walls
were insulated by a polystyrene sheet of 4 cm thickness, with a small gap was left to allow
the laser sheet penetration in the cavity. However, the side walls were not insulated as
optical access for the camera used in the PIV needed to be maintained. Both the cover and
bottom surfaces were made from aluminum sheets of 3 mm thickness to ensure a uniform
temperature distribution (and structural integrity) and were coated with black paint to
avoid laser reflection.

To generate the natural convection, an adhesive aluminum foil electrical heating
element (120 W) was adhered to the bottom surface of the enclosure to act as the high
temperature source in the still, thus replicating the absorption of solar radiation in the basin.
The heating element was connected to a Variac to control the power supplied, and thus the
temperature. Again, a polystyrene sheet of 4 cm thickness was used to avoid bottom heat
losses from the heating element.

To maintain a temperature difference across the still, an electric fan was used to
continuously circulate ambient air over the cover and ensure a consistent temperature
condition. Copper-Constantan (T-type) thermocouples were used to measure the average
temperatures of both the bottom surface and the top cover, with the readings recorded
using a multi-channel data logger. Sixteen thermocouples were used in the experiment;
seven of them were attached to the bottom (heated) surface, seven to the cover surface, and
two mounted in the ambient air.

Once the system reached steady state (typically 15 h after start-up, as shown in Fig-
ure 6) PIV measurements were undertaken. To elucidate the flow in the still, a Microvec
PIV system was used to perform this study. PIV technology is a powerful tool for mea-
suring flow velocity in cross-sectional areas, allowing the calculation of velocity fields by
determining the distance travelled by illuminated particles in a time interval ∆t [56]. In
this work, round polyamide particles with a diameter of 50-micrometres were used to track
the fluid flow inside the cavity as their low gravitational induced velocity and relaxation
time made them neutrally buoyant in silicone oil.
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Figure 6. Experimental temperature development to steady-state.

The PIV measurement system consisted of a charge-coupled device (CCD) camera
and a dual-pulse PIV laser, synchronized by using a MicroPulse725 synchronizer as shown
in Figure 7. The camera recorded pairs of images (2456 × 2048 pixels) at a frame rate of
16 frames per second and a pulse delay of 40ms. To obtain a satisfactory time-averaged
velocity field from the PIV 800 pairs of images were acquired at steady state conditions for
analysis using the PIVLab package integrated in MATLAB (each pair of images was taken
with an interval of ∆t = 15 ms).
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Having outlined the physical setup of the validation experiment, the experimental
boundary conditions for a steady-state experimental condition were applied to a CFD
simulation. The results of both the PIV experiment and the CFD simulation can be seen
in Figure 8 which shows the velocity contours for both the PIV experiment and the CFD
simulation at a plane 0.2 m along the still’s length (i.e., in the z-direction). In both cases it is
apparent (qualitatively) that there is a plume rising from the hot surface that splits the flow
in the enclosure into two cells at approximately the same location.

Energies 2022, 15, x FOR PEER REVIEW 8 of 19 
 

 

Having outlined the physical setup of the validation experiment, the experimental 

boundary conditions for a steady-state experimental condition were applied to a CFD 

simulation. The results of both the PIV experiment and the CFD simulation can be seen in 

Figure 8 which shows the velocity contours for both the PIV experiment and the CFD 

simulation at a plane 0.2 m along the still’s length (i.e., in the z-direction). In both cases it 

is apparent (qualitatively) that there is a plume rising from the hot surface that splits the 

flow in the enclosure into two cells at approximately the same location. 

 

Figure 8. Cross-sectional velocity contour in the middle of the geometry (0.2 m, AR = 2.6, θ = 30°, 

Ras = 1.38 × 108), (a) experiment, (b) CFD simulation. 

Examining this in more detail, a comparison of the velocity profiles across both the 

CFD simulation and the PIV experiment at the mid-height of the enclosure (Y = 0.16 m) 

was undertaken, as shown in Figure 9. Near the walls, both the simulation and measure-

ments show that the velocity is very low compared to the velocity of the rising plume, and 

in general, the results from the simulations agree very well with the PIV measurements 

which gives confidence to the use of the CFD model. Although one may argue that the 

simulated plume is slightly wider than the experiment this can be attributed to the limited 

number of particles in the experimental study (particles at the density of the CFD mesh 

would impair optical access). 

 

Figure 9. Velocity profile at Y = 0.16 m. 

 

  

          a              b 
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Examining this in more detail, a comparison of the velocity profiles across both the
CFD simulation and the PIV experiment at the mid-height of the enclosure (Y = 0.16 m) was
undertaken, as shown in Figure 9. Near the walls, both the simulation and measurements
show that the velocity is very low compared to the velocity of the rising plume, and in
general, the results from the simulations agree very well with the PIV measurements which
gives confidence to the use of the CFD model. Although one may argue that the simulated
plume is slightly wider than the experiment this can be attributed to the limited number of
particles in the experimental study (particles at the density of the CFD mesh would impair
optical access).
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4. Results and Discussion

Having validated the use of CFD for predicting the flow in a solar still type enclosure,
it was decided to examine how variations in the geometry, principally the still’s aspect ratio
and cover angle would change the behavior of an ideal still.

4.1. Effect of Aspect Ratio

A preliminary examination of the results found that, for a given cover angle, high heat
transfer coefficients occurred at low aspect ratios, with these decrease to a minimum before
again increasing, as the heat transfer mechanism moves from a conduction to convection
dominated regime. This mirrors behavior often seen in double-glazing and solar water
heaters. As shown in Figure 10, the local velocity at the average enclosure height varies
with the aspect ratio. In particular, the velocity increases with a decrease in aspect ratio, and
in turn helps explain the increased heat transfer coefficients observed at low aspect ratios.
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However, examining this more closely, it is worth noting that at high aspect ratios
the cover surface is situated closer to the bottom surface (in a relative sense). As shown
in Figure 11, this can lead to the formation of a secondary cell, with a relatively high
velocity, forming near over the basin surface. This relatively high velocity flow results in an
increased local heat transfer coefficient from the bottom hot surface as seen in Figure 12.

This suggests that aspect ratio plays a more important role in the natural convection
transporting water from the basin to the cover in solar stills than has been recognized in
the literature to date. Moreover, it shows that there are modes within the flow that may
support, or inhibit, the mass transfer from the basin.
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4.2. Effect of Cover Angle

Having seen that aspect ratio has a role in determining the heat transfer in a single
slope solar still, it is important to explore the effect that the cover angle plays on this too.
Again, a preliminary examination of the results found that, for a given aspect ratio, the heat
transfer coefficient from the basin typically increased with an increase in the cover angle.
An exception to this is a still with a high aspect ratio (AR = 5.52), whereby the heat transfer
coefficient initially decreases for a change in cover angle from 0◦ to 10◦.

To explain the variation in the heat transfer coefficient at AR = 5.52, it is necessary to
look at Figure 13 for two different angles (θ = 0◦, b: θ = 10◦). From this it is apparent that at
lower angles (θ = 0◦) there are multiple cells (Bénard cells), whereas at θ = 10◦ there is a
single cell. The presence of multiple cells allows more heat (or water) to be carried away
from the bottom surface (the basin). Further illustrating this point, Figure 14 shows the
effect of the cover angle on the local heat transfer coefficient from the bottom hot surface.
At a low aspect angle (θ = 10◦), the heat transfer coefficient reaches a peak twice (x = 0.05 m
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and x = 0.8 m) because of the formation of three cells. However, at a higher cover angle
(θ = 10◦) the heat transfer coefficient reaches its peak at the low wall where cold fluid begins
transporting heat from the bottom wall, in a single cell pattern. Even though the peak for
θ = 10◦ is higher than the two peaks for θ = 0◦, the overall heat transfer coefficient is higher
in the latter case. This is because the multi-cellular flow, is more efficient at transporting
heat away from the hot basin surface.
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Now, despite the somewhat anomalous behavior with an increase of cover angle at
AR = 5.52, an increase in the heat transfer coefficient with cover angle was noticed for all
other aspect ratios. To illustrate this point, Figure 15 shows that for an aspect ratio of 3.55,
the (local) heat transfer coefficient on the basin surface increases for all cover angles (noting
that with the change from 0◦ to 10◦ there was a reversal of the flow direction).

Again, this tells us that the cover angle, like aspect ratio, plays a more significant role,
in solar stills than has been reported in the literature to date.
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4.3. Correlating Geometry to Heat and Mass Transfer

The results discussed so far have shown that aspect ratio and the cover surface angle
have a significant effect on the convective heat transfer coefficient in a solar still, and this is
related to the nature of the flow field. However, to facilitate improved parametric modelling
of single slope solar stills, a relationship to describe this would be invaluable.

By generalizing the results from the CFD modelling, the relationship between the
Nusselt number and the previous parameters can be represented by a multiparameter
correlation, as shown in Equation (3) (where 3.37 × 106 < Ra < 3.03 × 109; 0◦ < θ < 60◦;
1 < AR < 8).

Nu = Ra0.187 (AR)−0.488 cos(θ)−0.416 (3)

Figure 16 shows that within the range of Rayleigh numbers examined (typical of a solar
still), there is a good relationship between the CFD results and the predicted values from
the proposed correlation (less than 15% difference). This suggests that the Equation (3) is
well suited for use in predicting the heat transfer coefficient for a wide range of geometries.

Now, in Equation (3) only the natural convection heat transfer process of the solar
still was accounted for. Sharpley and Boelter [57] noted that for heat transfer alone, the
Rayleigh number varies directly with the temperature difference (Th − Tc). However, in
the case of solar stills, mass transfer occurs simultaneously with heat transfer, therefore,
the Rayleigh number varies directly with ∆T′ =

(
McTc
MhTh

− 1
)

. For this reason, Equation (2)
should be modified to consider the mass transfer process through the use of a ‘modified’
Rayleigh number. Thus, the proposed correlation can be represented by Equation (4) using
the modified form of the Rayleigh number shown in Equation (5).

Nu′ = Ra′0.187 (AR)−0.488 cos(θ)−0.416 (4)

where:

Ra′ =
ρa

2gβa∆T′CpaL3

λaµa
(5)
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As an illustration of the effect of the new correlation, a comparison between the Nusselt
number from the correlation in this study, and that of the widely used Dunkle relationship
is shown in Figure 17. It can be seen that Dunkle’s correlation predicts a significantly higher
Nusselt number for all cover angles (at a constant aspect ratio), thus explaining part of the
reason it fails to accurately predict solar still yield in practice.
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Furthermore, it is apparent that Dunkle’s relationship, despite widespread use in its
original or modified form, is entirely independent of cover angle. As the angle increases,
there is no change in the Nusselt number (at a constant aspect ratio). This also helps clarify
the reasons for the contradictory observations reported in the literature relating to the
optimum cover angle.

4.4. Verification of the Proposed Correlation Using Independent Experimental Data

Having shown that Dunkle’s relationship delivered a poor representation of the trans-
fer processes occurring in a solar still, it was decided to examine the general applicability
of the correlation developed in the preceding section. To do this, it was decided to see if
the yield of single slope solar stills reported by Shawaqfeh and Farid, Manoj Kumar et al.,
Attia et al., and Rabhi et al. [28,58–60] (Table 1) could be determined using the temperature
difference between the water surface and the glass cover temperature reported in each
of these studies. Although the studies all examined single slope solar stills, they had
widely differing cover angles (θ), aspect ratios (AR) and temperature differences, thereby
providing a good test of the correlation’s generalizability.

In Figure 18 it can be seen that the yield obtained using the proposed correlation
(Equation (4)) and the experimental measurements from the independent experimental
studies are in very close agreement. With less than 5% error in the cumulative yield between
the correlation and experimental measurements, it is apparent that the correlation provides
an accurate prediction of single slope solar still performance. Moreover, it exhibits greater
generalisability than existing correlations.
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Table 1. Cover angle and aspect ratio for validation studies.

Study Cover Angle Aspect Ratio

Rabhi et al. [58] 35◦ 1.1
Manoj Kumar et al. [59] 11◦ 1.9

Attia et al. [60] 9◦ 2.6
Shawaqfeh and Farid [28] 20◦ 3

5. Conclusions

Despite the long history of research into single slope solar still performance, and their
apparent simplicity, a striking absence was the lack of accounting for the possible effects of
cover angle and aspect ratio. By taking an unorthodox approach (for solar still research)
of decoupling the transfer processes in the still from the operation of the still, this study
showed that the natural convection (the primary transport mechanism) was closely linked
to both the aspect ratio and the cover angle of the still, as independent parameters.

It was shown that for some conditions, a single convection cell existed, however by
varying the cover angle or aspect ratio it was possible to generate additional cells, which
in turn encouraged higher heat transfer from the basin to the cover. Furthermore, it was
shown that the effect of these changes could be accounted for in the form of a generalized
correlation that included cover angle and aspect ratio.

Subsequently, it was shown that the correlation was generalizable and could predict
the freshwater yield of several independent experimental studies. As such, where previous
models have ignored cover angle and aspect ratio as independent design parameters, this
work finally opens the possibility of developing a full design model for single slope solar stills.
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Nomenclature

AR Aspect ratio (B/L)
B Base width
Cp Specific heat
g Gravity
h Heat transfer coefficient
L Characteristic length (average enclosure height)
M Molar weight of air and water vapour mixture
Nu Nusselt number
Nu′ Modified Nusselt number
Ra Rayleigh number
Ra′ Modified Rayleigh number
q Heat flux
T Temperature
W Width
∆T Temperature difference between water and glass
∆t Time difference
∆T′ Modified temperature difference between water and glass
X X component
Y Y component
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Subscripts
a Air
c Cold surface (Glass cover)
cv Convective
h Hot surface (Water surface)
s Silicone oil
t Total
Greek symbols
µ Viscosity
λ Thermal conductivity
β Volume expansion coefficient
ρ Density
θ Inclination angle relative to the horizontal
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53. Altaç, Z.; Uğurlubilek, N. Assessment of turbulence models in natural convection from two- and three-dimensional rectangular

enclosures. Int. J. Therm. Sci. 2016, 107, 237–246. [CrossRef]

http://doi.org/10.1080/19443994.2015.1026284
http://doi.org/10.5004/dwt.2011.1751
http://doi.org/10.1016/j.desal.2010.06.005
http://doi.org/10.1016/j.renene.2004.03.009
http://doi.org/10.1080/01425919208909731
http://doi.org/10.1016/0038-092X(95)00069-4
http://doi.org/10.1016/S0196-8904(01)00185-6
http://doi.org/10.1080/19443994.2012.720442
http://doi.org/10.1016/j.energy.2012.10.023
http://doi.org/10.1016/j.desal.2017.03.036
http://doi.org/10.1016/j.solener.2020.03.068
http://doi.org/10.1016/j.solener.2007.02.005
http://doi.org/10.1016/S0196-8904(96)00082-9
http://doi.org/10.1002/er.4440140705
http://doi.org/10.1016/j.desal.2017.01.035
http://doi.org/10.1016/j.desal.2007.01.062
http://doi.org/10.1016/j.rser.2005.03.003
http://doi.org/10.1016/j.reffit.2017.05.003
http://doi.org/10.1016/j.matpr.2020.09.598
http://doi.org/10.1016/j.enconman.2010.07.018
http://doi.org/10.1016/0890-4332(94)90048-5
http://doi.org/10.1016/j.desal.2010.10.004
http://doi.org/10.1080/19942060.2007.11015194
http://doi.org/10.1016/j.desal.2005.04.025
http://doi.org/10.1080/19942060.2017.1300107
http://doi.org/10.1115/1.3244389
http://doi.org/10.1115/1.3245635
http://doi.org/10.1016/j.ijthermalsci.2016.04.016


Energies 2022, 15, 7244 18 of 18

54. Nijegorodov, N.; Jain, P.K.; Carlsson, S. Thermal-electrical, high efficiency solar stills. Renew. Energy 1994, 4, 123–127. [CrossRef]
55. Fluent, User Manual Release 16.1; ANSYS Inc.: Canonsburg, PA, USA, 2015.
56. Raffel, M.; Willert, C.E.; Scarano, F.; Kähler, C.J.; Wereley, S.T.; Kompenhans, J. Particle Image Velocimetry: A Practical Guide;

Springer: Berlin/Heidelberg, Germany, 2018.
57. Sharpley, B.; Boelter, L. Evaporation of water into quiet air from a one-foot diameter surface. Ind. Eng. Chem. 1938, 30, 1125–1131.

[CrossRef]
58. Rabhi, K.; Nciri, R.; Nasri, F.; Ali, C.; Ben Bacha, H. Experimental performance analysis of a modified single-basin single-slope

solar still with pin fins absorber and condenser. Desalination 2017, 416, 86–93. [CrossRef]
59. Kumar, P.M.; Sudarvizhi, D.; Prakash, K.; Anupradeepa, A.; Raj, S.B.; Shanmathi, S.; Sumithra, K.; Surya, S. Investigating a single

slope solar still with a nano-phase change material. Mater. Today Proc. 2021, 45, 7922–7925. [CrossRef]
60. Attia, M.E.H.; Hussein, A.K.; Rout, S.K.; Soli, J.; Elaloui, E.; Driss, Z.; Ghougali, M.; Kolsi, L.; Chand, R. Experimental Study of the

Effect of Al2O3 Nanoparticles on the Profitability of a Single-Slope Solar Still: Application in Southeast of Algeria. In Advances in
Air Conditioning and Refrigeration; Springer: Berlin/Heidelberg, Germany, 2021; pp. 119–133.

http://doi.org/10.1016/0960-1481(94)90074-4
http://doi.org/10.1021/ie50346a008
http://doi.org/10.1016/j.desal.2017.04.023
http://doi.org/10.1016/j.matpr.2020.12.804

	Introduction 
	Method 
	Validation 
	Results and Discussion 
	Effect of Aspect Ratio 
	Effect of Cover Angle 
	Correlating Geometry to Heat and Mass Transfer 
	Verification of the Proposed Correlation Using Independent Experimental Data 

	Conclusions 
	References

