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a b s t r a c t
Passive solar distillers are widely used due to their portability and simplicity. Passive solar stills 
have various designs. However, no study in the literature has compared them according to the laws 
of thermodynamics. In this paper, five passive solar stills were investigated numerically to evalu-
ate their water productivity and entropy generation. Laminar flow and a 2D computational domain 
of humid air in still enclosures were simulated using the species transport model. The solar stills 
included two double-slope solar stills (DSS1 and DSS2), a single-slope still (SSS), a tubular solar 
still (TuSS), and a triangle solar still (TrSS). All of the stills had an identical water surface length of 
102 mm. The effects of the water surface temperature, which ranged from 50°C to 80°C, on convec-
tion heat transfer, freshwater production, and entropy generation were investigated. The simulation 
results showed that the TuSS obtained the highest water production and the smallest total entropy 
generation. At high operating temperatures, the productivity of the TuSS was nearly two times 
that of the SSS. Two recirculating zones were observed inside the distillation enclosures, except for 
the SSS. When the water temperature was greater or lower than 53°C, one recirculating zone and 
three recirculating zones were created in the SSS, respectively. The change in the number of vor-
tices caused distinct transport characteristics in the SSS. An impinging jet on the water surface in 
the DSS2 led to the largest entropy generation among the examined stills. Large dead zones on the 
water surface of the DSS1 caused a reduction in evaporation. Therefore, the TuSS and TrSS designs 
eliminated the zones due to clearances between the water surface and glass cover.

Keywords: �Passive solar still; Species transport model; Diffusive irreversibility; Circulation formation; 
Natural convection

1. Introduction

Drinking water is essential for humans, plants, and ani-
mals; however, 97% of Earth’s water is located in oceans, 
2% is stored in the form of ice in the Arctic and Antarctic 
regions, and only 1% constitutes fresh water [1]. In countries 
with long coastlines and many islands, such as Vietnam, por-
table water is not only extremely necessary but also scarce. 
Therefore, freshwater production technologies and equip-
ment productivity improvements are in place. The simplest 

way to produce fresh water is to evaporate impure water 
and condense the steam into freshwater. However, this 
method consumes large amounts of energy because of the 
great latent heat production during the water vaporization 
[2]. Waste heat and renewable energy, such as solar energy, 
are feasible heat sources to perform this type of distillation. 
Solar distillation is classified into active and passive types. 
The active type is more productive due to its additional 
auxiliary solar collector and recirculating pump. However, 
the passive type is simple to manufacture and operate, 
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making it suitable for use in remote and inaccessible areas 
[3]. There are various configurations of passive solar stills, 
such as the single-slope type, double-slope type, tubular 
type [4], etc. Double-slope stills are generally divided into 
the following two types: V-type stills and greenhouse-type 
stills [5]. V-type stills are less studied, specifically their flow 
field and the diffusion of the air–water vapor mixture in 
their distillation chambers. However, a few analytical and 
experimental studies exist [6,7].

Computational fluid dynamics (CFD) studies are often 
used due to their efficient numerical simulations, and trans-
port phenomena in the distillation chambers of stills can be 
explained visually [8–10]. Keshtkar et al. [11] numerically 
investigated single-slope and multi-stage double-slope 
solar stills. One vortex was observed inside the single-slope 
still. The number of vortices in the double-slope solar still 
increased with the decrease in the operating temperature. 
Six vortices were found when the operating temperature 
was not high enough. Additionally, Keshtkar et al. [12] 
compared the performances of single-slope and stepped 
solar stills. They reported that the water production of the 
stepped solar still was 17.4% higher than that of the sin-
gle-slope solar still. Ashtiani and Hormozi [13] optimized 
the design of a stepped solar still in terms of entropy gener-
ation minimization. Their results showed that the irrevers-
ibility of the stepped still increased with the step height. 
Rahbar and Esfahani [14] simulated the operation of a sin-
gle-slope still using CFD and the Chilton–Colburn analogy. 
They concluded that there was a good match between the 
CFD predictions and the Chilton–Colburn model. In addi-
tion, two recirculating zones appeared in the still. Shoeibi 
et al. [15] numerically considered a double-slope solar 
still with two types of glass cooling, that is, water cooling 
and nanofluid cooling. Three vortices were discovered in 
the distillation chamber of the still at all times of the day. 
Additionally, optimal nanofluid concentrations and perfor-
mance improvements were analyzed. Edalatpour et al. [16] 
positioned a partition wall in a single-slope solar still, which 
changed the flow field to four recirculating zones. The pos-
itive and negative impacts of the wall position on water 
production were analyzed. Rashidi et al. [17] compared 
the performances of traditional and nanofluid single- 
slope solar stills. They concluded that water productiv-
ity increased with the increase in nanofluid concentration. 
The stills created three vortices that enhanced heat and  
mass transfer.

In recent years, tubular solar stills have received atten-
tion from scholars due to their efficiency improvements; 
additionally, their water basins are placed inside their tubu-
lar glass covers, which results in minimal heat loss [18,19]. 
Rahbar et al. [10] simulated and compared the performance 
and entropy generation of tubular and triangular solar 
stills. The tubular still obtained the highest water produc-
tion and the lowest entropy generation due to the larger 
vortex that formed. Subhani and Kumar [20] investigated 
a tubular still with a curved basin and compared it with a 
single-slope solar still. The modified basin showed better 
thermal dissipation due to its smaller displacement area. 
Yan et al. [21] evaluated a tubular solar still under vacuum 
operating conditions. They confirmed that freshwater pro-
duction was sharply enhanced due to an increase in mass 

diffusivity at low pressures. Additionally, the flow pattern 
was affected by the operating pressure and water depth.

A literature review implied that there have been numer-
ous attempts to compare the performances of two solar 
stills. However, comprehensive comparisons across more 
categories were not found. In addition, up to date, trans-
port phenomena or entropy generation analyses of V-type 
solar stills have not been reported. Furthermore, there were 
discrepancies in the flow field of the single-slope solar still 
studied. In this paper, five passive solar stills were sim-
ulated simultaneously in order to investigate their flow 
fields, water production, and entropy generation.

2. Model description

2.1. Computational domains

A total of 5 computational domains corresponding to 
5 passive solar stills, including a double-slope solar still 
with condensation traps placed at its vertical walls (DSS1), 
a solar still with a condensation trap placed in the middle 
of its glass covers (DSS2), a single-slope still (SSS), a tubu-
lar solar still (TuSS), and a triangular solar still (TrSS), are 
shown in Fig. 1. All of the stills had an identical water surface 
value of L  =  102  mm. Other dimensions are also shown in 
the figure. It should be noted that the DSS2 (V-type still) is 
usually rare to find in the literature. In a still, solar radia-
tion shines through the glass cover to the water basin, which 
causes the water to receive heat and evaporate at the water 
surface. Therefore, the fluid in the computational domain 
was humid air, and the water and glass cover surfaces 
were assumed to be saturated humid air (j = 100%).

2.2. Mathematical formulation

The natural convection of the air–water vapor mix-
ture in the two-dimensional domain with steady and lam-
inar flow assumptions was expressed using the following 
governing equations [10,14,15]:

The continuity equation:
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Fig. 1. Five passive solar stills investigated in this study (dimen-
sions in millimeters). (a) DSS1, (b) DSS2, (c) SSS, (d) TuSS and 
(e) TrSS.
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The x-momentum equation:
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The y-momentum equation:

u v
x
v v
y

p
y

v
x

v
y

g T T g Yo s
�
�

�
�
�

� �
�
�

�
�
�

�
�
�

�

�
��

�

�
�� � �� � � �

1 2

2

2

2�
� � � � YYo� � 	

�
� (3)

The energy equation:
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The water vapor mass fraction equation [22]:
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The mass diffusivity of vapor in the air (Dm) was calcu-
lated as follows [11,23]:
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The boundary conditions associated with partial differ-
ential Eqs. (1)–(5) were applied as follows:

•	 At the water surface: u = v = 0, T = Tw, Y Y
T Tw

�
� �, %� 100

,
•	 At the glass cover: u = v = 0, T = Tg, Y Y
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Y
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0 0, .

From the simulated temperature and vapor mass frac-
tion fields, the convective heat transfer coefficient (hc) 
between the glass cover and the water surface and the 
hourly water yield (ṁ) were estimated as follows [10,11]:
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Entropy generation, or irreversibility, represents useful 
work destruction mechanisms. Therefore, water productivity 
was manifested via entropy generation. The local volumet-
ric entropy generation inside the stills was evaluated after 
the temperature, velocity, and mass fraction distributions 
were determined. The local volumetric entropy genera-
tions contained friction (Sgen,f), heat transfer (Sgen,t), and mass 
transfer (Sgen,m) calculations, expressed as follows [10,24,25]:
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The total entropy generation was represented by the 
sum of the entropy generation components as follows:

S S S Sf t mgen gen gen gen,total , , ,� � � 	 (12)

2.3. Numerical methodology

The numerical solutions of the solar stills were car-
ried out in the ANSYS Fluent 19.2 software under atmo-
spheric conditions. A 2D quadrilateral mesh with highly 
refined density near the glass cover and water surfaces was 
employed, as illustrated in Fig. 2. A grid independence test 
was performed for a typical case with various mesh sizes, 
as shown in Table 1. The deviation in hourly productivity 
of the 76,280 mesh elements was negligible, which revealed 
that grid independence was obtained. Therefore, the mesh 
size of 76,280 elements was selected for further consid-
eration to ensure numerical accuracy and computational  
cost.

The mass diffusion coefficient in Eq. (6) was interpreted 
by a user-defined function (UDF) in the Fluent software. 

 
Fig. 2. Numerical simulation of the representative imple-
mented grid.

Table 1
Study of grid independence

Mesh elements Hourly yield (kg/m2·h) Deviation (%)

18257 0.756582 –
25385 0.786188 3.91
39039 0.794286 1.03
52021 0.809148 1.87
76280 0.814432 0.65
130055 0.807652 0.83



V.L. Hai et al. / Desalination and Water Treatment 299 (2023) 1–124

The entropy generations were defined as custom-field func-
tions in the software. The convection heat transfer coeffi-
cient and hourly yield rate equations were composed using 
expressions in the CFD-Post software. The species trans-
port model was activated for the air–water vapor mixture. 
Incompressible ideal gas was referred to by density, mixing 
law by specific heat capacity, mass-weighted mixing law 
by thermal conductivity and viscosity, and kinetic theory 
by thermal diffusion coefficient [21].

Double-precision and pressure-based solvers were 
adopted for the governing equations. The pressure–veloc-
ity coupling was treated by using the SIMPLE (semi- 
implicit method for pressure-linked equations) algorithm. 
A second-order upwind scheme was used to discretize a con-
vection term, whereas the PRESTO! (PREssure STaggering 
Option) scheme was employed for pressure interpola-
tion [11]. A residual of 10–6 was set for the energy equation 
and 10–3 for the others. To ensure convergence in all cases, 
the under-relaxation factors of the pressure and momen-
tum equations were reduced. In this study, a factor of 0.1 
for the pressure and a value of 0.3 for the momentum were  
assigned.

2.4. Model validation

Before the start of the investigation, a model validation 
was conducted. The convection heat transfer coefficient, 
which was computed using Eq. (7), was compared with the 
most well-known correlation of Dunkle for the single-slope 
still (SSS). Fig. 3 represents the coefficient and the water 
surface temperature (Tw), whereas the temperature differ-
ence between the water surface and the glass cover (Tw – Tg) 
was fixed at 10 K. The numerical simulation results in this 
study were closely matched with those of the correlation. 
The current results were negligibly underestimated. A max-
imum error of 3.2% was acceptable for further examina-
tion. Dunkle’s correlation is expressed as follows [14,18]:
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where pw and pg are the partial pressures of the vapor at 
water surface and glass cover temperatures, respectively.

3. Results and discussion

The effects of the water surface temperature, which 
ranged from 50°C to 80°C, on the performances of the five 
solar stills are presented in this section. The temperature 
difference between the glass cover and the water surface 
was fixed at 10  K. Figs. 4–10 display the thermohydrau-
lic and entropy generation distributions at a water surface 
temperature of 60°C. The water vapor mass fraction and 
temperature fields are presented in Figs. 4 and 5. The mass 
fractions of the DSS1, TuSS, and TrSS cases were almost 
identical, that is, a higher mass fraction concentrated in the 
middle of the water surface. The DDS2 and SSS cases were 
grouped together because the DSS2 nearly consists of two 
single-slope stills located symmetrically. The temperature 
and vapor mass fraction variations in the stills were almost  
uniform.

Despite the identical passive solar still type and water 
surface dimensions, the flow patterns of the stills changed 
significantly, as shown in Fig. 6. These phenomena resulted 
in the stills’ different transport behaviors. High-speed nat-
ural convection streams moved upwards at the centers of 
the DSS1, TuSS, and TrSS. This flow pattern created two 
primary vortices, which included a counterclockwise vortex 
on the left-hand side and a clockwise vortex on the right-
hand side. For DSS2, the direction of the two primary vor-
tices was reversed. Furthermore, there was an impinging jet 
acting on the water surface that prevented water evapora-
tion (Fig. 6b). For SSS, there was only one primary vortex. 
The general trend was that the air–vapor mixture followed 
the condensation surface in a top-to-bottom direction; thus, 
two vortices were created for the symmetric stills (DSS1, 
DSS2, TuSS, and TrSS), and one vortex was formed in the 
SSS. The fluid velocities in the DSS1 and TuSS were at their 
maximum, followed by the TrSS, SSS, and DSS2. The num-
ber of vortices and the natural convection velocity’s impact 
on heat and mass transfers resulted in enhanced water pro-
ductivity. Moreover, the strength of the recirculation zone 
in the TuSS was greater than that of the DSS2 and TrSS, 
which may have led to higher potable water production 
in the TuSS. Large dead zones in the lower corners were 
observed for the DSS1. These zones reduced water evapo-
ration and produced higher temperatures at the corners of 
DSS1, as shown in Figs. 4 and 5. The clearances on either 
side of the water surface with the glass cover in the TuSS and 
TrSS diminished their dead vortex zones. Hence, the water 
vapor moved upwards with a greater water surface area 
compared to DSS1. Fig. 7 presents the change in u-velocity 
in the y-direction at the water surface’s left half in the TuSS, 
TrSS, and DSS1. The velocity gradients of the TuSS and 
TrSS showed positive values, which indicated irrotational 
flow on the water surface. Flow separation (du/dy = 0) was 
found on the water surface of DSS1 at x = 16 mm. A strong 
secondary vortex (du/dy  <  0) of DSS1 caused a reduced  
evaporation surface.

The local volumetric entropy generation is presented 
in Figs. 8–11. The frictional entropy generation was very 
small due to the low speed of natural convection currents. 

 
Fig. 3. Comparison of the convective heat transfer coefficient 
hc for the single-slope still (SSS).
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Locations that generate large frictional entropy were 
found near the surfaces, as shown in Fig. 8. These loca-
tions experienced large friction between the fluid flow 
and stationary walls.

The greatest entropy generation caused by heat and 
mass transfer in the SSS occurred at reattachment points on 

the glass cover and water surface (Figs. 9c and 10c). A large 
entropy generation caused by heat and mass transfer in the 
TuSS occurred at the peak of the glass cover (Figs. 9d and 
10d). The largest entropy generation due to heat and mass 
transfer in the DSS2 happened at the stagnation point on 
the water surface (Figs. 9b and 10b). This was caused by the 

 
Fig. 4. Water vapor distribution inside the solar stills at Tw = 60°C. (a) DSS1, (b) DSS2, (c) SSS, (d) TuSS and (e) TrSS.

Fig. 5. Contour of isotherms inside the solar stills at Tw = 60°C. (a) DSS1, (b) DSS2, (c) SSS, (d) TuSS and (e) TrSS.
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above-mentioned impinging jet analysis. A very large irre-
versibility on the left and right sides of the water surfaces 
in the TuSS and TrSS is shown in Figs. 9d, 9e, 10d, and 10e. 
The upward flow made contact with the downward flow at 
these locations, causing sharp differences in the temperature 
and water vapor concentrations. Among the three types of 
entropy generation, entropy generation caused by mass 
transfer had the largest value, which proved that mass trans-
portation was dominant over other transport mechanisms 
in distillation enclosures. Thus, the distributions of total 
entropy generation and entropy generation caused by mass 
transfer were almost uniform, as shown in Figs. 10 and 11.

The convection heat transfer coefficient between the 
water surface and the cover glass, along with the water 
temperature for the stills, is shown in Fig. 12. The water 
surface temperature varied in the range of 50°C–80°C, 
with increments of 10°C. The general trend was that as the 

temperature increased, the coefficient increased because 
the velocity of a mixture in an enclosure would increase. 
The coefficient of TuSS was the largest, followed by TrSS. 
The convection heat transfer coefficient of SSS was the 
smallest, except at water temperatures less than 53.8°C. 
Fig. 6 shows the velocity distributions in the stills based on 
the above comments. The TuSS and TrSS had strong buoy-
ancy forces. The mixture velocity of DSS1 was also high, 
but a large dead vortex existed on either side of the water 
surface. The SSS had a low convection heat transfer coeffi-
cient because there was only one primary vortex (as illus-
trated in Fig. 6c). The simulation results showed that the 
convection heat transfer coefficient of SSS increased when 
Tw = 50°C. Hence, the simulation of the SSS was extended 
to the following temperatures: Tw = 51.8°C, 52.5°C, 53.1°C, 
53.8°C, and 55°C. At water temperatures less than 53.8°C, 
the heat transfer coefficient of SSS was higher than that 
of DSS1 and DSS2. In addition, the convection heat trans-
fer coefficient of SSS at water temperatures less than 
53.8°C was roughly equal to that at 80°C.

The velocity vector of SSS was investigated based on dif-
ferent water temperatures, as shown in Fig. 13. At the low 
temperature of 50°C, three primary vortices appeared in the 
SSS enclosure. The number of vortices increased from one to 
three when the water surface temperature decreased from 
60°C to 50°C, which intensified the convection heat transfer 
coefficient even though the convection velocity decreased 
with the decrease in temperature. Therefore, using the infor-
mation from Fig. 12, it was possible to allocate the water 
temperature of 53°C as the critical temperature for the transi-
tion from one vortex to three vortices in the single-slope still 
(SSS). The increase in the number of vortices at low operat-
ing temperatures can be explained by the low mixture veloc-
ity, which resulted in insufficient driving force along the 
water surface and the glass cover. Therefore, flow separation 
occurred, leading to an increase in the number of vortices.

Fig. 6. Velocity vector and velocity magnitude inside the solar stills at Tw = 60°C. (a) DSS1, (b) DSS2, (c) SSS, (d) TuSS and (e) TrSS.

 
Fig. 7. Velocity gradient at half the water surface (x = 0 to L/2).
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The water production trend is identical to that of the 
convection heat transfer coefficient, as shown in Fig. 14. 
The water production by TuSS was the largest, followed 
by TrSS. The productivity of SSS was the smallest, except 
at water temperatures less than 53.8°C. At 80°C, the water 
production of TuSS was almost twice that of SSS. This 
occurred because, besides the different flow patterns ana-
lyzed above, the condensation surface area of TuSS was 
much larger than that of SSS. It should be noted that, 

although the hc values of the SSS at 50°C and 80°C were 
approximately identical, the hourly yield of the SSS at 50°C 
was significantly lower than that at 80°C. This occurred 
because the hc value was deduced from the temperature 
gradient, as shown in Eq. (7), while water production was 
derived from the vapor mass fraction gradient, as shown 
in Eq. (8). The temperature gradient was roughly identical 
due to the fixed temperature difference (Tw – Tg), as shown 
in Fig. 15. Meanwhile, the mass fraction gradient varied 

Fig. 8. Entropy generation caused by friction (W/m3·K) inside the solar stills at Tw  =  60°C. (a) DSS1, (b) DSS2, (c) SSS, (d) TuSS 
and (e) TrSS.

 Fig. 9. Entropy generation caused by heat transfer (W/m3·K) inside the solar stills at Tw  =  60°C. (a) DSS1, (b) DSS2, (c) SSS, 
(d) TuSS and (e) TrSS.
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considerably at different water temperatures, as shown 
in Fig. 16. As the water temperature decreased, the differ-
ence in the mass fraction of the water surface and the cover 
decreased sharply, as shown in Fig. 17. The mass fraction 
difference was the driving force behind the mass transfer. 
Therefore, the freshwater productivity of SSS at 80°C is 
three times greater than that at 50°C.

Figs. 8–11 show the local values of entropy generation. 
The average entropy generation in the enclosure is repre-
sented in Figs. 18–21. In general, entropy generation char-
acterizes the degree of chaos in a system. Therefore, from 
the figures it can be observed that the three-vortex flow field 
of the SSS had the highest entropy generation for the same 
water temperature, especially the entropy generation that 

 Fig. 10. Entropy generation caused by mass transfer (W/m3·K) inside the solar stills at Tw = 60°C. (a) DSS1, (b) DSS2, (c) SSS, (d) TuSS 
and (e) TrSS.

 Fig. 11. Total local volumetric entropy generation (W/m3·K) inside the solar stills at Tw = 60°C. (a) DSS1, (b) DSS2, (c) SSS, (d) TuSS 
and (e) TrSS.
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 Fig. 13. Velocity vector of the single-slope still (SSS) at various water temperatures.
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perature and solar still design.

 Fig. 15. Temperature field of the single-slope still (SSS) at various water temperatures.
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 Fig. 16. Water vapor mass fraction distribution of the single-slope still (SSS) at various water temperatures.
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Fig. 17. Water vapor mass fraction at water surface (Yw) and 
glass cover (Yg) at various water temperatures.
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Fig. 18. Frictional entropy generation based on water tempera-
ture and solar still design.
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Fig. 19. Thermal entropy generation based on water tem-
perature and solar still design.
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Fig. 20. Diffusive entropy generation based on water tempera-
ture and solar still design.
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was due to friction. At water temperatures greater than 53°C, 
the entropy generation of DSS2 was the greatest. This was 
due to the disorder of the impinging jet moving downward 
and the steam rising upward. The perturbation increased 
the entropy generation due to the heat transfer and diffu-
sion of DSS2. The entropy generations of DSS1 and TuSS 
were the lowest and almost identical. Based on the heat and 
fluid flow fields and sensitivity analyses, it was concluded 
that the transport phenomena in the distillation enclosure 
were governed by the variations in the vapor concentrations 
based on temperature, and CFD was a suitable tool for the 
performance prediction and explanation of simultaneous 
transfer characteristics in the enclosure rather than in the 
experimental method.

4. Conclusions

In this study, two-dimensional simulations of five solar 
stills were performed. The solar stills had an identical water 
surface area in order to compare their water yield rate and 
entropy generation. The important results drawn from 
this study were as follows:

•	 DSS2 had the highest entropy generation; however, 
DSS2 possessed greater productivity compared to DSS1 
and SSS. At a water temperature of 80°C, the freshwater 
productions of DSS2, DSS1, and SSS were 1.53, 1.37, and 
1.21 kg/m2·h, respectively.

•	 For SSS, a primary vortex was created when the water 
temperature was greater than 53°C. At this temperature 
or lower, three vortices formed inside the distillation 
chamber of the SSS. The performance rate increased 
during the transition from one rotation region to  
three.

•	 The TuSS had the highest water productivity and the 
lowest entropy generation. At operating temperatures 
above 53°C, its production rate was twice as high as 
that of the SSS.

•	 The TrSS had the second highest water production, and 
its entropy generation was less than that of the SSS. At 
a water temperature of 80°C, the entropy generations of 
TrSS and SSS were 1.34 and 1.65 W/m3·K, respectively.

•	 The impingement jet on the water surface of DSS2 
increased the entropy generation due to heat and mass 
transfer.

•	 Large rotation zones on two sides of the DSS1’s water 
surface reduced freshwater production.

•	 In general, the water production and total entropy 
generation of the stills were as follows: 
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Fig. 21. Total entropy generation based on water temperature 
and solar still design.

Water production Total entropy generation

Tw < 53°C DSS1 < SSS = DSS2 < TrSS < TuSS TuSS = DSS1 < TrSS < SSS = DSS2
Tw > 53°C SSS < DSS1 < DSS2 < TrSS < TuSS TuSS = DSS1 < TrSS < SSS < DSS2

The potential future scope of the conducted research is 
a transient simulation. Additionally, consideration of the 
liquid phase of salty water, the solid phase of glass covers, 
and thermal insulation were not included in this study.
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Symbols

Dm	 —	 Mass diffusivity of vapor, m2/s
g	 —	 Acceleration of gravity, m/s2

hc	 —	� Convective heat transfer coefficient, W/m2·K
k	 —	 Thermal conductivity, W/m·K
L	 —	 Length of water surface, m
ṁ	 —	 Hourly water productivity, kg/m2·h
n	 —	 Normal direction
p	 —	 Pressure, Pa
R	 —	 Ideal gas constant, J/kg·K

Sgen,f	 —	� Volumetric entropy generation due to friction, 
W/m3·K

Sgen,m	—	� Volumetric entropy generation due to mass 
transfer, W/m3·K

Sgen,t	 —	� Volumetric entropy generation due to heat trans-
fer, W/m3·K

T	 —	 Temperature, °C
u	 —	 x-component of velocity, m/s
v	 —	 y-component of velocity, m/s
x	 —	 x-direction in Cartesian coordinate
Y	 —	 Water vapor mass fraction
y	 —	 y-direction in Cartesian coordinate

Greek

α	 —	 Thermal diffusivity, m2/s
β	 —	 Volume expansion coefficient, K–1

βs	 —	 Species expansion coefficient, m3/kg
μ	 —	 Dynamic viscosity, kg/m·s
ν	 —	 Kinematic viscosity, m2/s
ρ	 —	 Density, kg/m3
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j	 —	 Relative humidity

Subscripts

g	 —	 Glass cover
o	 —	 Operating condition
w	 —	 Water surface

Abbreviations

DSS1	—	� Double-slope solar still type 1 (greenhouse-type 
solar still)

DSS2	—	� Double-slope solar still type 2 (V-type solar still)
SSS	 —	 Single-slope still
TrSS	 —	 Triangular solar still
TuSS	—	 Tubular solar still
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