
Journal of Solar Energy Research Volume 11 Number 4 Autumn (2026) 3384-3402 
 

 

 

 

 

 
*Corresponding Author Email: abc5007@mtu.edu.iq  

                                               

Cite this article: Rafee Shehadeh, O., Kareem, F. Abdulrazaq & Obaida, H. Mahde. (2026). Enhancing the 

Performance of a Double-Slope Solar Still Using Hollow Fins and Porous Sponge: A Numerical Study. Journal 

of Solar Energy Research, 11(4), 3384–3402. https://doi.org/10.22059/jser.2026.419084.1772 

 

DOI: 10.22059/jser.2026.419084.1772                                              DOR: Do not type here   

 

 ©The Author(s). Publisher: University of Tehran Press. 

Journal of Solar Energy Research (JSER) 
 

Journal homepage: www.jser.ut.ac.ir 

 

Enhancing the Performance of a Double-Slope Solar Still Using Hollow Fins 

and Porous Sponge: A Numerical Study 

 

Omer Rafee Shehadeha*, Fadhil Abdulrazaq Kareemb, Hayder M. B. Obaidaa,  

 
aEngineering Technical College, Baghdad, Middle Technical University, Baghdad, Iraq 
bPower Mechanics Techniques, Polytechnic College of Engineering, Specialization, Baghdad, Middle Technical 

University, Baghdad, Iraq 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1. Introduction  

Over the last 100 years, freshwater has been 

consumed on a large scale worldwide. [1]. Although 

approximately 70% of the Earth’s surface is covered 

by water, nearly 97% of this water is saline, with only 

3 % being fresh water, the majority of which is 

contained in ice and ground water, meaning that only 

 

A B S T R A C T 

Low productivity is a big problem in the conventional solar stills. A double-slope solar 

still (DSSS) with hollow cylindrical fins (HCF) and porous sponges (PS) has been 

numerically analyzed in this study for optimum performance in the climatic conditions 

of Baghdad, Iraq. A parametric study was performed using ANSYS Fluent to assess 

glass inclination, hollow fin configuration and porous sponge structure. The ideal 

inclination angle is found to be 32° so that maximum amount of solar energy is absorbed 

and condensed. The water productivity of hollow fins is improved from 2.93 to 5.03 

kg/m2-day by incorporating hollow fins. The use of porous sponges enhances the 

capillary driven thin film evaporation further. The best arrangement is segmented 

square sponge arrangement with 42 hollow fins where a maximum fresh water 

production of 8.79 kg/m2·day and thermal efficiency of 38.8% are obtained. This 

hybrid integration is an effective, economical and passive approach to upgrade solar 

desalination. The system enhances the productivity of the freshwater by 200% of its 

baseline productivity making it a highly viable sustainable solution to water generation 

in dry areas. 
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a small percentage of water is easily available to man, 

as indicated in Figure 1 [2]. This limited availability 

highlights the growing global challenge of freshwater 

scarcity. To address this challenge, desalination has 

emerged as an effective means of turning saline water 

into drinking water. [3]. Nevertheless, traditional 

desalination methods tend to be energy-consuming 

and very expensive. Thus, as an alternative, low-cost, 

sustainable solution, solar-driven desalination 

systems have attracted increasing interest, especially 

in areas with high levels of solar radiation. Among 

these systems, the double-slope solar still (DSSS) 

demonstrates superior performance compared to 

conventional designs. It uses two sloping glass covers 

that help boost solar energy uptake and increase the 

size of the condensation area. Within this mechanism, 

the solar radiation warms saline water, causing 

evaporation, and subsequent condensation onto the 

glass surfaces to make fresh water [4]. 

Figure 1. Global distribution of water on Earth. Data 

based on USGS & UNESCO estimates 

 

Rajaseenivasan et al. [5] examined the theoretical and 

experimental performance of a single slope solar still 

(SSSS) by adding circular and square fins, some of 

which were covered with wick material. This study 

was conducted in Madurai, Tamil Nadu, India 

(9°56′N, 78°07′E) with water depths ranging from 1 

to 4 cm. The highest daily productivity was recorded 

with square fins equipped with a wick, at 4.55 

L/m²·day, and the highest productivity rate was 

45.8% compared to the traditional solar still. Khare et 

al.  [6] developed a computational fluid dynamics 

(CFD) model for the SSSS in Jaipur, India (26°13’N, 

75°49’E). The model was conducted at varying 

depths and with different black materials to determine 

the highest productivity using the ANSYS program 

under prevailing climate conditions. The simulation 

results demonstrated that the highest productivity was 

5 L/m²·day, the maximum efficiency of the solar 

system was 32%, and the highest productivity ratio 

with mirrors was approximately 22% compared to a 

traditional system. Moreno et al. [7] conducted a 

study analysing the effect of energy storage by adding 

a phase change material (PCM) to the base of an 

SSSS. They reported a relative difference of less than 

1%. The CFD simulation system was situated in 

Hermosillo, Sonora, Mexico (29°05′N, 110°57′W) 

during the winter and summer. A desert climate 

characterizes the city of Hermosillo. Four different 

materials were utilized to analyse the effect of adding 

PCM at different phase-change temperatures and 

latent heats, using several types of PCM (RT70 HC, 

RT54 HC, RT62 HC, RT80 HC) and thicknesses of 

0.25, 0.5, and 1 cm. The highest productivity was 

observed at 0.25 cm and RT70 HC, at approximately 

5.42 L/m²·day, and the highest efficiency was 

approximately 66.70% compared to a traditional solar 

still. Hafs et al. [8] conducted a study in Rabat, 

Morocco (34°02′N, 6°50′W) to demonstrate the 

seasonal thermal performance in SSSS. The study 

used rectangular channels filled with heat-storage 

materials. It employed the finite element method in 

COMSOL Multiphysics to predict the effects of 

various engineering design parameters, including the 

Number and width of the rectangular channels. The 

study then selected the optimal configuration for 

several different seasons to achieve the highest 

productivity. The highest productivity, 2.92 

L/m²·day, and an overall thermal efficiency of 157% 

were observed in summer when using five rectangular 

channels, each 2 cm wide. Hameed et al. 

[9]conducted a study using COMSOL to demonstrate 

an increase in the evaporation area. A three-

dimensional model of the system was prepared by 

adding 15 stainless steel to the system basin in 

different configurations. In Najaf, Iraq (32.0316°N, 

44.3219°E), the highest productivity was 4.13 

L/m²·day, and the maximum temperature was 72.9 °. 

Aftiss et al. [10] conducted a numerical comparison 

of an SSSS in six regions of Morocco for each season 

of the year. In the initial case, paraffin wax was 

utilized as a phase change material (PCM), while in 

the subsequent case, it was connected to a storage 

tank. The findings were then compared with 

experimental data, and it was observed that the 

highest productivity was recorded in Cass two in 

Marrakesh (31.6295°N, 7.9811°W) at 8.6 L/m² ·day. 
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In contrast, the highest energy efficiency was 

achieved in Agadir (30.4278°N, 9.5981°W) at 

76.05%. Abdulmajid et al. [11] conducted a study that 

examined the effect of the optical properties of the 

glass cover on SSSS solar desalination systems. The 

study tested the transmittance, absorptance, and 

reflectance of the glass cover under various operating 

conditions in Matruh, Egypt (31.35°N, 27.25°E) to 

improve productivity and efficiency in the 

desalination process. The results showed that as the 

glass thickness increased from 5 to 20 mm, daily 

productivity and efficiency decreased from 6.6 to 5.2 

L/m²·day and from 31.5% to 24.9%, respectively. 

The highest productivity was achieved when using 

glass with optimal optical properties, such as low 

refractive index and low absorption coefficient, and a 

smaller thickness, with an optimal monthly variable 

angle of inclination. This resulted in a maximum 

productivity of 210 L/m²·summer month and daily 

efficiency of 36%. In the summer, glass types such as 

Pyrex or quartz, which increase light transmission 

and reduce reflection, should be used, with the angle 

of inclination adjusted monthly to suit the location. 

Abed et al. [12] conducted a numerical simulation 

study using the COMSOL Multiphysics program 

under climatic conditions in Najaf, Iraq (32.0316°N, 

44.3219°E) for a pyramid solar still (PSS). The 

maximum productivity achieved was 8.14 L/m²/day, 

and a 112.34% improvement in daily energy 

efficiency was observed when using flat reflectors, 

PCM, and CuO nanoparticles. Aftiss et al. [13] 

conducted a numerical study on a sunny day in the 

city of Agadir, Morocco (30.4278°N, 9.5981°W) to 

improve the efficiency of SSSS by applying a 

dynamic layer of phase-change material PCM. The 

results showed that the highest productivity reached 

6.04 L/m²·day, and energy efficiency was 62.11%. 

The maximum freshwater production was increased 

by around 23.26%. While there is significant work in 

the realm of improving solar still performance, most 

studies treat single modification techniques (such as 

extended surfaces, or porous media), and very little 

research has focused on the synergistic effects of 

these combined. This work fills this gap by presenting 

three novelties in the field of solar desalination. Its 

main contribution is a novel combined passive 

enhancement approach, which combines the 

combination of hollow fins and segmented porous 

sponges in a Double-Slope Solar Still (DSSS) design. 

The unique combination of this heat transfer area is 

maximized, and the capillary action of the sponge 

provides a continuous thin-film evaporation. Second, 

it adopts a complete computational fluid dynamics 

(CFD) modelling method to explicitly capture the 

thermo-capillary coupling interaction between these 

components, showing a critical shift from the 

thermal-limited to mass-transfer-limited evaporation 

in the still. Lastly, this hybrid system is tested under 

the extreme arid climatic conditions in Baghdad, Iraq, 

which is highly realistic and gives a realistic 

estimation of its viability under climatic conditions 

where there is high solar radiation and very limited 

water availability, where elevated solar irradiance 

and ambient temperature markedly affect system 

performance. Consequently, a clear gap exists in 

formulating and evaluating a hybrid passive 

enhancement strategy that simultaneously improves 

heat transfer, water distribution, and evaporation 

efficiency in DSSS systems. The current study seeks 

to fill this gap by presenting an innovative 

configuration that combines hollow fins with both 

continuous and segmented porous sponge structures, 

and by conducting an extensive CFD-based 

examination of the fundamental physical mechanisms 

and their influence on freshwater productivity. 

2. Physical Description Model 

2.1. The inclination angle model being investigated 

 

It was chosen that the water house of Double-Slope 

Solar Still (DSSS) is pitched-roof (gable) in shape to 

enable the maximum utilization of solar energy 

during the day and also to give quite a considerable 

amount of condensation area as compared to the 

conventional type of single-slope Solar Still. The 

orientation of the longitudinal axis of the DSSS is 

along North-South to maximise solar interception 

with the two sloped glass covers oriented towards 

East and West to capture the morning and afternoon 

solar radiation. Case I was investigated regarding the 

geometrical parameters of the still and the effect of 

changing the geometrical parameters of the DSSS by 

changing the inclination angles and wall heights as 

shown in Table 1. The latitude of Baghdad, Iraq 

(33.3152° N, 44.3661° E) was put into the model 

ANSYS simulation. using a constant basin length of 

1000 mm, a width of 1000 mm, and a partial height 

of 100 mm. The anchored pleat length was set at 1000 

mm, and the thickness was 1 mm, as seen in Figure 2. 

 

Table 1. various geometrical dimensions of the 

angles DSSS 

Angle ° heights of wall 

mm 

Chord Length 

mm 

23 330.5314 550.5858029 

24 339.9746 554.6059941 

25 349.3448 558.7242874 
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26 358.639 562.9335061 

27 367.8544 567.2265681 

28 376.9882 571.5964161 

29 386.0377 576.0360803 

30 395 580.5385431 

31 403.8725 585.0969973 

32 412.6524 589.7046068 

33 421.337 594.3546648 

 

 
Figure 2. Schematic diagram and geometric 

dimensions of the DSSS 

 

2.2. The hollow fins model being investigated 

 

Three models of hollow fins were simulated in this 

investigation with a 3 cm fin height, 26.5 mm outer 

and 24.5 mm inner diameter, as shown in Figure 3. 

These models were designed using the best 

dimensions obtained in Case I of the DSSS. Case II 

had 36 fins, Case III had 42 fins, and Case IV had 49 

fins. These fin counts were chosen, because they 

make sense in terms of geometric arrays, which 

would be 6x6, 7x7 and a staggered 6x7 for example, 

as well as a 6x6 intermediate stagger, and which fit 

uniformly into the 1000 mm x 1000 mm absorber 

basin. A uniform arrangement was strictly observed 

with a progressive increase in the effective heat 

transfer area while maintaining sufficient spacing 

between the hollow fins. This critical spacing is 

important to avoid thermal interference from adjacent 

fins, and to allow for a free-flowing natural 

convection process in the fluid domain. 

 
Case II: Model of 36 fins 

 
Case III: Model of 42 fins 

 
Case IV: Model of 49 fins 

Figure 3. Fin model configurations in a DSSS 

(Case II, III, and IV) 

 

2.3. The hollow fins with sponge model being 

investigated 

 

Two distinct strategies were employed based on 

the hybrid integration of hollow fins and structured 

porous sponges within the solar thermal system. 

 

 

 

 



Rafee et al./Journal of Solar Energy Research Volume 11 Number 4 Autumn (2026) 3384-3402 

3388 

 

 The similar-performing dimensions (42-fin) were 

used in both models, as shown in Figure 4. In the 

first strategy, a 3-cm-height sponge layer, 1-cm-

thick, and 1000 x 1000 mm in size was placed on 

top of the fins, which represents case V. In the case 

VI (second strategy), the square sponge was placed 

on top of each fin, which had dimensions 80 mm x 

20 mm. all cases summarized in table 2. 

  
Case V: 42 fins with sponge 

 

Case V: 42 fins with black square sponge 
Figure 4. Models of a sponge on hollow fins 

 
Table 2. Case designations used in the study 

Case Description 

Case I Conventional DSSS without modifications  

Case II DSSS with 36 hollow fins 

Case III DSSS with 42 hollow fins 

Case IV DSSS with 49 hollow fins 

Case V 
DSSS with 42 hollow fins + continuous 

porous sponge layer 

Case VI 
DSSS with 42 hollow fins + square porous 

sponge pieces 

3. Mathematical Model 

3.1 Governing equations 

 

Continuity equation: mass conservation in fluid flow, 

as shown in equation (1), Navier–Stokes equation: 

describing the motion of viscous fluids under the 

influence of pressure, viscosity, and external forces, 

as shown in equation (2), Energy equation: describing 

heat transfer in fluids with the effects of thermal 

conduction and internal sources, as shown in 

equation  (3), and viscous dissipation: thermal energy 

generated by internal friction in fluids, as shown in 

equation (4) [14, 15]. 
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                     (4) 

 

3.2 Heat Transfer between Water and the 

Condensing Glass Cover by Convection 

 

The concentration of water vapor within the solar 

still varies, providing a buoyancy force that 

promotes convective heat transfer. The convective 

movement of heat between the saline water surface 

and the condensing glass cover 𝑄𝐶𝑤  [W/𝑚2]  is 

indicated by [16]: 

    Cw Cw W W g Cw WQ h A T T h A T                 

(5) 

where ℎ𝐶𝑤 represents the convective heat transfer 

coefficient [W/𝑚2. ℃], Aw represents the area of the 

water surface [𝑚2], ∆𝑇 is the temperature difference. 

The coefficient ℎ𝐶𝑤 is determined as the result of 

fluid properties, operating temperatures, still 

geometry, and flow conditions. It has a relation with 

the Nusselt number (Nu) [17]: 

 
 

  nCwh d
Nu C Gr Pr

K


                       (6)  

𝑑: The characteristic length of the still (approach to 

mean distance between water surface and glass) and 

(W/m·K): thermal conductivity of water vapor. Pr 
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and Gr are the Prandtl and Grashof numbers 

(dimensionless), and n and C are linear regression 

constants. The convective heat transfer coefficient 

ℎ𝐶𝑤  can be calculated as follows [18]: 

 
 

  n

Cw

C K
h Gr Pr

d


                                            (7) 

Grashof and Prandtl numbers may be formulated in 

the following form [18]: 

 3 2

2

   g d T
Gr

 


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                                   (8) 

where g is the acceleration due to gravity (9.807 

m/s²), β is the coefficient of volumetric thermal 

expansion (K⁻ ¹ ), 𝜌𝜈 is the density of the water vapor 

in the solar still (kg/m³), ∆𝑇 is the temperature 

difference between the water surface and the glass lid 

(°C ), and 𝜇 is the dynamic viscosity of the water 

vapor in the solar still (N·s/m²) [18]. 

C
Pr

K


                                                                   (9) 

𝐶𝜈 is the specific heat capacity of the water vapor 

(J/kg·°C). As reported in [18] The thermo-physical 

characteristics of water vapor that are temperature-

dependent were obtained and could be represented as 

follows: 
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         (15) 

The convective heat transfer coefficient, 

ℎ𝑐𝑤,𝐷[W/m²·°C] between the water surface and the 

condensing glass cover of the still can be expressed 

as follows [19]: 

 

 

 

1

3

, 3
0.884

268.9 10

273.15
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 
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        (16) 

The DSSS is working in the passive mode in the 

current research. In this regard, the convective heat 

transfer coefficient between the saline water and the 

condensing glass cover, as per the Clark model 

(ℎ𝑐𝑤,𝐶𝐿) is the same as that calculated using the 

Dunkle model. It is obtained from equation (16) [20]. 

Conversely, as per the Kumar and Tiwari model, the 

convective heat transfer coefficient (ℎ𝑐𝑤,𝐾𝑇) between 

saline water and the condensing cover is calculated 

with the help of the constants n and 𝐶 whose values 

are 0.4114 and 0.0322, respectively, as stated in 

equation (7) [17].  

 

3.3 Evaporative Heat Transfer to the Condensing 

Cover 

 

To calculate the amount of distilled water, the 

following relation is used. [21]: 

fg

     

h

ew W int
ew
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Where 𝐴𝑊 is the surface area of the saline water 

(m²), 𝑡𝑖𝑛𝑡 is the time interval (s) and hfgis the latent 

heat of vaporization of water (J/kg). Dunkle model 

expression in [18] indicates that the coefficient of 

evaporative heat transfer, ℎ𝑒𝑤𝐷 (W/m²·°C) The 

amount of saline water to the condensing cover can 

be determined: 

 
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3
 

16.23 10
w g

ewD cwD

w g

P P
h h

T T



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           (20) 

The pressures 𝑃𝑤 and 𝑃𝑔 can be calculated 

according to the following formulae  [22]: 

25.317 5144
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Replacing equation (7) with equation (20): the 

evaporative heat transfer coefficient ℎ𝑒𝑤 can be 

reworked as follows: 
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The mass transfer rate 𝑚𝑒𝑤, can be expressed as 

follows [18] when equation (17) is replaced with 

equation (18) and (23): 

 

 

fg

  C0.01623
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W int
ew w g
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K A t
m P P
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(24) 

As this is a purely numerical study, there is no 

physical measurement of distilled water yield, but 

rather, the yield of distilled water is calculated 

numerically by integrating this mass transfer rate 

(𝑚𝑒𝑤) over the computed diurnal cycle, thus 

determining the total freshwater productivity 

(kg/m²·day). The hourly thermal efficiency can then 

be calculated as follows [23, 24]. 

The hourly thermal efficiency can be calculated as 

follows[23, 24]: 

fgh

τ.α  3600

ew

h
W

m

I A
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                               (25) 

Where:  

𝐼: Global horizontal irradiation (W/m2), and τ. α: 

transmittance − absorptance product, the numerical 

value of which is about 0.9[25]. To simulate fluid 

flow and heat transfer through the porous sponge 

structures (Cases V and VI), the ANSYS Fluent 

Porous Media model was utilized. Because the base 

of the sponge is continuously submerged in the saline 

water basin, the sponge matrix is assumed to be fully 

saturated (𝑠 = 1.0) via passive capillary wicking, 

maintaining a continuous thin liquid film at the upper 

evaporation interface. Macroscopic flow through the 

porous zone is governed by adding a momentum 

source term (𝑆𝑖) to the standard Navier–Stokes 

equations (Darcy–Forchheimer law) [30, 32]:  

𝑆𝑖 = − (
𝜇

𝐾
𝑢𝑖 +

𝐶2

2
𝜌|𝑢|𝑢𝑖)   (26) 

where 𝐾 is the permeability of the porous sponge 

(m2) and 𝐶2 is the inertial resistance factor (m−1). For 

an isotropic polyurethane sponge with porosity 𝜀 and 

mean pore diameter 𝑑𝑝, permeability and inertial 

resistance are defined using the Ergun relations [30, 

33]: 

𝐾 =
𝑑𝑝

2𝜀3

150(1−𝜀)2 ,  𝐶2 =
3.5(1−𝜀)

𝑑𝑝𝜀3    (27) 

Local thermal equilibrium is assumed between the 

solid sponge matrix and the saturating fluid. The 

energy equation inside the porous zone uses an 

effective thermal conductivity (𝑘eff) [30, 32]: 

𝑘eff = 𝜀𝑘𝑓 + (1 − 𝜀)𝑘𝑠    (28) 

where 𝑘𝑓 and 𝑘𝑠 are the thermal conductivities of the 

fluid and solid sponge material, respectively. Vapour 

transport in the enclosure is resolved using the 

Species Transport model (H2O vapor–air mixture), 

where the interface saturation vapor pressure and 

mass fraction are governed by the local interface 

temperature field (Eqs. 20–24). The thermophysical 

and structural properties of the porous sponge used in 

the simulations are: porosity 𝜀 = [ 0.85], 

permeability 𝐾 = [ 1.2 × 10−8 m2], density 𝜌𝑠 =

[30 kg/m
3
], thermal conductivity 𝑘𝑠 = [0.04 W/m ⋅

K], and specific heat capacity 𝐶𝑝,𝑠 = [ 1800 J/kg ⋅ K].  

 

3.4. Developed DSSS  

 

Enhancing the productivity and thermal performance 

of solar stills has received considerable research 

attention, particularly through the use of hollow fins 

as a passive method of improvement. This enhances 

the heat transfer within the basin and, consequently, 

the evaporation ratio and the overall thermal 

performance of the solar desalination system. The 

impact of hollow fins on DSSS performance can be 

quantified using the following relations. [26]: 

 πf f f fA N d H                                (29) 

Where 𝐴𝑓  is the surface area of the fins (m²), 𝑁𝑓  is 

the Number of fins, and 𝐻𝑓  is the fin’s height (m). 

Total effective heat transfer area 𝐴𝑡𝑓  (m²) can be 

determined  [26 ,27] : 

tf f wA A A                                                   (30) 

Where final productivity with fins 𝑚𝑓  (kg/h) can be 

determined [11-12]: 

 1
tf

f ew f
w

A
m m

A
                           (31) 

Where 𝛼𝑓  It is estimated to be an increase in 

convective heat transfer due to the copper fins (0.23). 

The hourly thermal efficiency of fins 𝜂𝑓  can be 

calculated as follows [28]: 

fgh

τ.α  3600

f

f
W

m

I A





  
                                (32) 

 

3.5. Meshing of the DSSS simulation model 

 

This paper discusses the method of enhancing heat 

transfer in a two-dimensional enclosure of triangular 

shape with fins, as shown in Figure 5. It is assumed 

that the flow is steady, incompressible, and laminar, 

and the problem is solved using the finite volume 

method with appropriate thermal boundary 

conditions. The domain was discretized using an 

unstructured triangular mesh with local refinement 
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around the fin and porosity. The mesh summaries are 

as follows: Case A mesh consists of 176,643 elements 

and 329,316 nodes, Case B mesh consists of 198,000 

elements and 365,000 nodes, and Case C mesh 

consists of 185,000 elements and 342,000 nodes. The 

mesh quality is 0.71, which guarantees high 

numerical accuracy as seen in Figure 6. 

 
Figure 5. Computational mesh of the investigated 

DSSS configurations 

 
Figure 6. Grid independence test based on water 

production 

 

3.6 Initial and boundary conditions 

 

ANSYS was used to simulate the DSSS with a single 

basin, specifying initial and boundary conditions that 

mimic realistic operating conditions. All the absorber 

plate, glass and water were equilibrated to ambient 

temperature (25 °C) at t = 0. The thermal properties 

of the absorber plate were defined as those of copper 

in the ANSYS material properties to ensure the 

hollow fins and the absorber plate are treated as the 

same material, which allows the maximum possible 

thermal conductivity. Insulated surfaces were 

assumed as adiabatic, and the copper absorber plate 

and the glass cover were assumed to be in contact 

with convection and radiation with the surrounding: 

𝑇𝑤(𝑥, 𝑦, 𝑧, 0) 

= 𝑇𝑔(𝑥, 𝑦, 𝑧, 0) 

= 𝑇𝑝(𝑥, 𝑦, 𝑧, 0) 

= 𝑇𝑎 = 25∘𝐶 

𝑢(𝑥, 𝑦, 𝑧, 0) = 0 

The surface treated as insulated (back, bottom and 

lateral surfaces) were treated as ideal minimized 

surface heat losses. The external glass cover was 

subjected to radiation and convection heat transfer to 

simulate environmental heat transfer. In this model, it 

was assumed that the wind speed would be constant 

because the external convective heat transfer 

coefficient is strongly affected by wind speed. 

Specifically, the external convective heat transfer 

coefficient between the outer glass cover and ambient 

environment (ℎ𝑐𝑎) was calculated by the following 

empirical relation of McAdams [20, 34, 35]: 

ℎ𝑐𝑎=5.7+3.8V, where V is the average ambient wind 

speed. This gives a constant external convective heat 

transfer coefficient to be used along with the external 

glass emissivity for sky radiation exchange as a 

mixed thermal boundary condition. The initial heat 

flux (temperature difference between the heated basin 

water and the glass surface) results in the internal 

Grashoff number and condensation rates and is 

provided by this cooling of the heated basin water by 

the wind. The system is a closed enclosure, so 

external ambient humidity was assumed to have a 

small direct effect on the internal mass transfer and 

hence was not modelled as one of the key variables. 

The summary of the conditions at the boundaries is 

represents in Table 3. 

 

Table 3. Boundary Conditions for Single-Basin 

DSSS Model 

Surface Boundary Condition 

Back side (insulated) Adiabatic (q = 0) 

Bottom side (insulated) Adiabatic (q = 0) 

Lateral sides 

(insulated) 

Adiabatic (q = 0) 

Absorber plate Convection and 

radiation 

Top cover (glass) Combined external 

convection and 

radiation 

The finite volume method was used to run the 

numerical simulations in ANSYS Fluent. To ensure 

the numbers were correct, a second-order upwind 

scheme was used to discretize the governing 

equations for mass, momentum, and energy. The 

SIMPLE algorithm was used to handle the pressure–

velocity coupling. The convergence criteria were set 

to 10⁻ ⁶  for the energy and 10⁻ ⁴  for the continuity 

and momentum equations. The flow within the solar 

still was assumed to be steady, incompressible, and 

laminar. The Rayleigh number suggests the flow is 

laminar. Although a 2D model was used, the 

dominant heat and mass transfer mechanisms in the 

system are buoyancy-induced, which can be well-
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represented in 2D simulations. This is confirmed by 

the Rayleigh number which is thought to be in the 

laminar regime for natural convection in the 

enclosure. The thermophysical properties of water 

vapour were assumed to be temperature dependent. 

We used the surface-to-surface radiation model to 

accurately represent the heat exchange inside the 

enclosure. This model includes radiation between the 

cover and water surface. 
 

4. Validation results 

To ensure the accuracy and validity of the present 

CFD model, a validation process was done by 

comparing the CFD results with those reported in the 

literature. The current CFD model was validated by 

comparing the results with those of Duraid Thamer & 

Ziyad Tariq[29], who investigated a modified single-

slope solar still in a similar climatic zone in Iraq. This 

involved the yield of fresh water and the basin water 

temperature. To achieve a solid validation of the 

present CFD model, the results of the model were 

validated with reference results of Duraid Thamer & 

Ziyad Tariq[29] who studied a similar solar still 

setup. The maximum productivity obtained from the 

current model was 2.93 kg/m2·day which is different 

from 2.0 L/m2·day reported in the literature. The 

difference is quantitatively accounted for by the 

differences in the basin surface areas as well as the 

different geographical patterns of solar radiation in 

the two boundary conditions. The difference in 

percentage between the predicted hour-wise water 

temperature of the basin and the reference data is 

within the tolerance limit of 10%, which is an 

acceptable limit for a CFD study of solar desalination. 

Moreover, evaporation trends obtained in Figure 7 

corroborate the physical evaporation characteristics 

reported in the literature, thus validating the use of the 

used numerical methods, Rayleigh number 

assumptions and models of radiation between 

surfaces to correctly simulate the internal heat and 

mass transfer mechanisms of the solar still. The 

discrepancy between the results was within the 

expected range for CFD solar desalination studies. 

The trends of temperature distribution and 

productivity augmentation are consistent with other 

numerical studies, such as Abed et al. [12], and thus 

validate that the physical models, boundary 

conditions and numerical methods adopted in this 

study are suitable for capturing the heat and mass 

transfer processes in the solar still. Therefore, the 

present numerical model is well validated and can be 

used to investigate the impact of hollow fins and 

porous sponge materials on the performance of the 

DSSS system.  

 

Table 4. The comparison between previous studies 

and current work 

Study 
System 

Type 

Enhan

cement 

Techni

que 

Metho

d 

Produc

tivity 

(kg/m²

·day) 

Improve

ment 

(%) 

Aftiss et 

al. [10] 
SSSS 

PCM 

integra

tion 

Numer

ical 
8.6 — 

Abed et 

al. [12] 

Pyrami

d Still 

PCM + 

Nanop

articles 

CFD 8.14 112% 

Duraid 

Thamer 

& Ziyad 

Tariq 

[29]` 

DSSS 

PCM 

integra

tion 

CFD 1.605 — 

Present 

Work 

(Case I) 

DSSS 
Conve

ntional 

CFD 

(ANS

YS) 

2.93 — 

Present 

Work 

(Case 

IV) 

DSSS 

Hollo

w fins 

(49) 

CFD 5.03 72% 

Present 

Work 

(Case V) 

DSSS 

Fins + 

porous 

sponge 

CFD 7.88 169% 

Present 

Work 

(Case 

VI) 

DSSS 

Fins + 

square 

sponge 

CFD 8.79 

200% 

increase 

compare

d to 

Case I 

Figure 7. Comparison of freshwater productivity 

with other study 

The porous structure facilitates capillary-driven 

liquid flow, which results in a continuous wetting of 

the surface and the formation of a thin film. This 

minimises the interfacial thermal resistance and 

promotes a vapor diffusion process, resulting in a 

more uniform vapor distribution and enhanced 

evaporation. The current study provides one of the 

highest parameters compared to the literature. 
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This enhanced performance is due to the combined 

effect of hollow fins (to increase the heat-transfer 

area) and the porous sponge materials (to improve the 

capillary evaporation and water distribution). This 

approach enhances the evaporation process directly, 

making the process of producing fresh water more 

reliable and efficient than PCM-based systems that 

make use of thermal storage. The heat and mass 

transfer by the coupled process within the enclosure 

is responsible for the solar still performance. Hollow 

fins are used to significantly enhance the heat transfer 

area that in its turn leads to a rise in the basin 

temperature and temperature difference. This in turn 

results in the increase in Grashoff number that in turn 

is used to reinforce both convection via buoyancy 

effect and fluid circulation. This ultimately leads to 

an increase in the convective heat transfer coefficient 

and therefore, the convective heat transfer rate. At the 

same time, the porous sponge structure enhances 

capillary action that helps to achieve even distribution 

of water and thin film formation on the heat surface. 

This reduces thermal resistance and provides greater 

effective evaporation area. The porous structure 

assists liquid transport through capillarity, ensuring a 

continuous wetting of the heat surface and thin-film 

formation. This eliminates thermal contact resistance 

and promotes vapor diffusion, leading to uniform 

vapor concentration and enhanced evaporation. This 

characteristic suggests a shift from thermal- to mass-

transfer-limited evaporation, where capillary action-

induced thin film dynamics control the evaporation 

process and hence vapor generation. The 

enhancement process is determined by thermo-

capillary coupling, with increasing temperature 

difference leading to increasing Grashoff number, 

which promotes buoyancy-driven convection and 

increases the convective heat transfer coefficient, 

thereby resulting in higher evaporative heat flux and 

higher freshwater production. The freshwater 

productivity can be determined as a function of 

evaporative heat flux, and evaporative heat transfer 

coefficient. Therefore, evaporation and freshwater 

production are directly proportional to any rise in 

temperature difference and convective heat transfer 

coefficient between water and glass. The system 

behaviour is effectively interpreted using 

dimensionless parameters.  

 

 

 

 

 

 

The increase in Grashoff number indicates stronger 

buoyancy effects and Nusselt Number suggests 

increased heat transfer by convection. The Rayleigh 

number was also determined to be 104 − 106, 

thereby validating laminar natural convection in the 

enclosure.  

 

5. Results and Discussion 

As demonstrated in Figure 8, the temperature 

distribution indicates that an increase in total effective 

heat transfer area enhances heat absorption, and 

consequently, an increase in water temperature 

results in an increase in temperature difference. This, 

in turn, leads to an increase in Grashoff number and 

convective heat transfer coefficient between water 

and glass, thereby reinforcing natural convection. In 

Case VI, the porous sponge enhances uniformity by 

evaporation of thin films, resulting in a more uniform 

temperature distribution. As illustrated in Figure 9, a 

plot of velocity contours is presented. With an 

increase in Grashoff number, buoyancy forces 

become dominant, resulting in enhanced circulation 

and improved vapor transport. The porous structure is 

segmented to minimize stagnant areas and ensure 

uniform flow. As illustrated in Figures 10 and 11, the 

distributions of water mass fractions are indicative of 

the process of evaporation, which is dictated by 

(evaporative heat transfer coefficient, the difference 

between saturation vapor pressure at water and glass 

temperatures). The increase in convective heat 

transfer coefficient between water and glass results in 

greater evaporative heat transfer coefficient, and 

consequently greater evaporative heat flux and mass 

transfer rate. The diurnal variation of solar radiation 

used as the main thermal boundary condition for the 

simulation is shown in Figure 12. This profile is the 

result of local clear-sky meteorological data from the 

month of June for Baghdad, Iraq (33.3152N, 

44.3661E), the most extreme summertime of the year. 

As the intensity of the sun increases, so does the 

evaporative heat flux because of increased heat 

absorbed, and therefore the productivity of the fresh 

water increases proportionately. The maximum solar 

radiation value of 1030 W/m² is adopted to evaluate 

the system performance under the maximum thermal 

loading situation in the year, which is referred to peak 

season.
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Figure 8. Temperature contours of the DSSS for different configurations 
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Figure 9. Velocity contours of the DSSS under different configurations 
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Figure 10. Water mass fraction contours of the DSSS for different configurations 
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Figure 11. Three-dimensional water mass fraction distribution for different DSSS configurations
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Figure 12. Diurnal Solar Radiation Profile 

Figure 13 indicates that the temperature profiles 

exhibit a normal diurnal cycle, regulated by solar 

radiation, with the highest temperatures occurring 

during the day. The standard arrangement is not the 

most desirable for the lowest temperature, as it has the 

smallest heat-transfer area, which limits heat 

absorption and natural convection within the 

enclosure. The hollow fins increase the effective heat-

transfer area, thereby increasing heat absorption and 

the water temperature in the basin. This will increase 

the temperature difference between the water in the 

basin and the glass cover, thereby increasing the 

Grashoff number and amplifying buoyancy-driven 

convection within the basin. Further, Cases V and VI 

are enhanced by adding porous sponge materials that 

increase the wetted surface area and facilitate thin-

film evaporation via capillarity. This allows for even 

distribution of liquids over the hot surface, minimizes 

the thermal contact resistance, and facilitates vapor 

diffusion, thereby enhancing the evaporation process. 

The segmented porous structure in Case VI also 

improves performance due to low flow resistance for 

water distribution and vapor transport. This 

configuration thus possesses the highest temperature 

distribution and coupled heat and mass transfer. The 

effect of the glass cover inclination angle is shown in 

Figure 14. The traditional solar collectors generally 

aim to have their inclination angle at an angle equal 

to the local latitude (about 33° in Baghdad) to ensure 

that they intercept as much solar radiation as possible; 

in contrast, a solar still is a complex coupled heat and 

mass transfer system. A greater inclination angle 

results in greater sun interception until a critical angle 

is reached after which it ceases to have any effect, 

while at the same time providing better gravitational 

drainage of the condensate.  

 

 

This effect further raises the temperature difference 

between the basin water and the glass cover to 

increase the Grashoff number and hence intensify 

buoyancy-driven natural convection. The parametric 

analysis shows that an optimum inclination angle of 

32° has been obtained in this geometry Double-Slope 

Solar Still (DSSS) design. This small latitude 

exception illustrates that a latitude of 32° is the 

optimal choice based on thermo-fluid considerations: 

maximize external solar radiation absorption and 

optimize the internal natural convection/condensate 

drainage for maximum freshwater production. To 

better understand system performance, a sensitivity 

analysis was performed under various conditions, 

such as the temperature difference and effective heat 

transfer area. This shows that small changes in the 

temperature difference result in substantial changes in 

the Grashoff number and the convective heat transfer 

coefficient, implying that system performance is 

highly sensitive to the thermo-fluid interaction. 

Figure 15 illustrates the improved productivity with 

improved heat and mass transfer effects. The 

productivity of the baseline system is 2.93 kg/m²·day. 

This productivity can be boosted by adding hollow 

fins, but the efficiency of a fin density analysis 

suggests that this will occur with "diminishing 

returns". The productivities generated in the test beds 

were 3.87, 4.97 and 5.03 kg/m²·day, respectively for 

testing arrangements of 36, 42 and 49 fins. The 42-fin 

configuration was decided to be the best option to 

maximize efficiency and minimize material and 

manufacturing costs as it performed near the 

maximum 49 fin case. For this reason, the best fin 

arrangement, 42 fins, was chosen for hybrid 

integration with porous sponge. The maximum 

productivity was obtained in this combined system 

(Case VI) with 8.79 kg/m²·day, which is three times 

that of Case I.. The improvement is due to the 

collective influence of the effective heat transfer area, 

the buoyancy-induced convection, and capillary-

induced thin-film evaporation, which trigger an 

enhanced evaporation process and boost vapor 

transport. As shown in Figure 16, thermal efficiency 

is proportional to freshwater productivity Eq. (24). 

Therefore, the increase in freshwater productivity 

leads to a corresponding improvement in thermal 

efficiency. The maximum thermal efficiency of Case 

VI reaches 38.8%, attributed to enhanced coupling 

between heat and mass transfer processes within the 

system. 
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Figure 13. Diurnal variation of basin temperature for 

different DSSS configurations 

 
 Figure 14. Parametric analysis of glass cover 

inclination angle on the productivity and thermal 

efficiency of the DSSS 

 

 
Figure 15. Hourly freshwater productivity for the 

solar still configurations investigated 

 
Figure 16. Hourly thermal efficiency of the 

investigated solar still configurations 

 

6. Conclusion 

 

ANSYS Fluent was employed to perform numerical 

simulations under the climatic conditions of 

Baghdad, Iraq (33.3152°N, 44.3661°E). The 

simulations were conducted under peak solar 

radiation conditions (June), representing the most 

critical operating scenario. 

1. A parametric investigation (Case I) was 

conducted to determine the optimal glass 

cover inclination angle, to find the best angle 

of cover to be used with the glass covers in 

the range of 23° to 33°. The best inclination 

angle for all configurations under study 

found to be 32°.The conventional DSSS 

produced a freshwater productivity of 2.93 

kg/m²·day with an average thermal 

efficiency of 13.6%. 

2. The effective heat transfer area and 

evaporation were augmented by adding 

hollow fins. Freshwater productivity and 

thermal efficiencies were:  

 Case II 36 fins: 3.87 kg/m²·day, 

and 13.6% 

 Case III 42 fins: 4.97 kg/m²·day, 

and 21.4%, 

 Case IV 49 fins: 5.03 kg/m²·day, 

and 22 

 .1%. 

3. The 42-fin configuration was selected for 

sponge integration because its performance 

was close to the 49-fin case, while reducing 

manufacturing cost. The incorporation of 

porous sponge materials enhanced 

evaporation through capillary-driven thin-

film mechanisms as the following: 
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 Case V: The continuous sponge 

layer produced 7.88 kg/m²·day at 

35.4% efficiency. 

 Case VI: The square sponge 

configuration achieved the best 

performance, 8.79 kg/m²·day at 

38.8% efficiency, an 

approximately threefold increase 

over Case I. 

4. The present numerical investigation yields 

promising results but has some restrictions. 

The 2D CFD model is a well valid model for 

predicting the internal heat and mass transfer 

behaviours, which is, however, ideal and 

continuous operating conditions are 

assumed for the model. It doesn't include 

any possible edge effects on the boundary 

that is 3D, nor does it consider any long-term 

degradation of the physical properties of the 

system such as salt scaling or biological 

fouling of the porous sponge structure. Thus, 

it is recommended that a physical prototype 

be fabricated and tested in the future for the 

optimized 42-fin and segmented square 

sponge configuration. To prove the accuracy 

of the numerical predictions in dynamically 

changing real-world meteorological 

conditions for long-term periods, 

experimental studies are needed. In addition, 

in-depth thermo-economic and exergy 

analysis is advised to achieve the accurate 

assessment of long-term cost effectiveness, 

maintenance needs and commercial 

feasibility of this hybrid solar desalination 

system.  

 

Nomenclature  

2D Two-Dimensional   

3D Three-Dimensional   

ANSYS 
Engineering simulation software used for 

numerical analysis 

  

CFD Computational Fluid Dynamics   

DSSS Double-Slope Solar Still   

H₂ O Water vapor/water   

PCM Phase Change Material   

PSS Pyramid Solar Still   

SSSS Single-Slope Solar Still   
 

Symbol Meaning Unit 

Af Fin surface area m² 

g Gravitational acceleration m/s² 

Gr Grashof number — 

hCw 

Convective heat transfer 

coefficient between water 

and glass 

W/m²·°C 

hcw,CL 

Convective heat transfer 

coefficient based on the 

Clark model 

W/m²·°C 

hcw,D 

Convective heat transfer 

coefficient based on the 

Dunkle model 

W/m²·°C 

hcw,KT 

Convective heat transfer 

coefficient based on the 

Kumar and Tiwari model 

W/m²·°C 

hew 
Evaporative heat transfer 

coefficient 
W/m²·°C 

hewD 

Evaporative heat transfer 
coefficient based on the 
Dunkle model 

W/m²·°C 

Hf Fin height m 

Af Fin surface area m² 

Atf 
Total effective heat 
transfer area 

m² 

AW Water surface area m² 

C Empirical constant — 

Cp 
Specific heat at constant 
pressure 

J/kg·K 

Cν 
Specific heat capacity of 
water vapor 

J/kg·°C 
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