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Abstract

:

Water scarcity is a global concern and poses significant problems to countries with arid and semi-arid climates, like Iran. Considering financial difficulties, a lack of knowledge about high-tech alternatives, low incomes, a lack of access to high-tech tools, and low maintenance capabilities in developing countries, solar still desalination is a decent technology for providing proper water, especially for rural areas. However, the low water-production rate using this method dictates a very vast area requirement for solar still farms in order to provide significant amounts of water. In this research, we proposed a mirror-enhanced solar still and mathematically compared its water-production rate to that of conventional ones. In comparison to conventional solar stills, our proposed reflector-enhanced solar still benefits from several improvements, including lower glass temperatures, increased water basing temperatures, and receiving much more solar irradiation. Hence, the proposed system can increase water production from 7.5 L/day to 24 L/day. The results showed that the proposed method is highly effective and could be used in field-scale projects in arid and semi-arid climates.
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1. Introduction


Although the earth is predominantly covered by water, in numerous nations across the globe, there is a notable and concerning trend of diminishing freshwater availability. The reduction in fresh water supply is facilitated by a confluence of factors; in particular, the escalation of the population, the unsustainable exploitation of groundwater resources, the infrequency of precipitation events [1], and the exponential growth of global industries have led to a substantial surge in the need for freshwater [2]. Moreover, approximately 80% of the global population resides in countries characterized by arid and semi-arid conditions [3]. Therefore, water scarcity, which means a lack of water supply or safe water quality, could be considered a widespread problem that causes competition for water. Currently, almost half of the earth’s population is experiencing its consequences [4]. Considering irrigation activity has almost a 75% share of typical water usage [5], it is predictable that farmers and people living in agricultural areas will be some of the most-affected people by water scarcity, and research also shows almost 3.0 billion people in agricultural areas are experiencing a high water shortage [6,7,8]. To address the water shortage issue and align with SDGs, developing highly efficient mechanisms that require low maintenance and could provide proper water is of great importance [9,10,11,12].



In addition, energy is seen as a pivotal concern in the economic advancement of countries [13], and on a yearly basis, energy consumption in developing countries grows by 5% on average [14]. Consequently, renewable energy sources have garnered significant attention globally in recent years [15] and solar energy is the leading renewable energy source [16]; this is predicted to significantly impact energy security and environmental problems in both emerging and established countries [17]. Solar power is the primary form of renewable energy utilized for generating electricity [18], operating solar collectors [19,20,21], cooking with solar energy [22,23], drying with solar energy [24], combining solar and biomass energy [24], and heating metals [24]. As a result, although desalination approaches like reverse osmosis [25], ion exchange [26], and other common desalination methods [27,28,29,30] have been used worldwide, the main possible drawbacks of these systems are their setup costs, operational costs, and high energy consumption, [31,32], which leads to a significant interest in utilizing user-friendly and eco-friendly techniques such as solar stills for the purpose of desalinating water [1]. The use of solar energy reduces the reliance on fossil fuels and toxic substances, resulting in decreased emissions of greenhouse gases that contribute to global warming [2].



Due to its enormous popularity, researchers have been endeavoring to develop an ideal system with a similar underlying mechanism and minor modifications by implementing design modifications or using various methods for economic optimization [33], such as thermoelectric methods [34]; mirrors [35]; heat pipes [36]; finned plates [37]; surface coatings [38]; single and double slopes [39,40,41]; single, multiple, and stepped basins [42,43,44,45,46]; and pyramid and spherical methods [47,48]. Jeevadason and Padmini [49] examined the effects of using a novel glass cover design and found that it resulted in a 51.5% increase in water productivity. Mevada et al. [50] examined the impact of various energy storage materials, such as black granite and marble stone, on water productivity and the rate of evaporation enhancement. Ghani Hameed [51] achieved a 40% improvement in water generation compared to standard methods by employing fins and a glass cooling approach. Panchal et al. [52] employed an evacuated tube collector and hollow bumps to enhance the efficiency of desalination. The redesigned solar still yielded 2.44 times the amount of water compared to the traditional solar still. Abdullah et al. [53] conducted an evaluation of the impact of nano-PCM, a heating element, and finned absorbers on the production of water in solar stills. The findings showed a significant improvement of 166% in the water output compared to that using conventional methods. Gupta et al. [54] conducted research to quantify the enhanced efficiency of solar distillation, an increase of 10.6%, compared to PV/T-FPC solar desalination. Xiao et al. [55] integrated PV/thermal technology with solar distillation to enhance the efficiency of the device. They found that the temperature of the saline water increased by 16.4% and the daily production of the system increased by 51.7%. In a study conducted by Kumar and Tiwari [56], the impact of photovoltaic systems on sun still (SS) efficiency was examined. The study found that the production of the conventional system was almost 2250 mL, whereas the production of modified solar desalination was 7220 mL.



The authors assert that the improvement of solar stills employing traditional materials, which can be maintained without the need for specialized skill, is of high importance, especially for privileged rural areas in developing countries and in arid climates, like rural areas in the south of Iran, which is not only facing a lack of groundwater, but its high TDS also makes it undesirable for domestic and agricultural usage. In this regard, we proposed a parabolic solar collector solar still (PSCSS) desalination system. The proposed system is a combination of a parabolic solar cocker idea and a solar still that greatly increases the input solar energy into the solar still and significantly enhances the evaporation and water-production rates. In addition, in this system, a new pathway for water was considered, which reduces the glass temperature while increasing the water temperature before feeding into the basin of the solar still. This method can increase the water temperature in the system and improve the evaporation rate. In this research, the design and evaluation of the water-production capacity of the proposed PSCSS were conducted and compared to those in a conventional solar still system.



To estimate the solar irradiation incident on the parabolic disc, we utilized the annual mean value of the sun irradiation in the south of Iran based on the data available on the World Bank website [57], which are presented in Figure 1. In order to streamline the calculations, we divided the total annual energy by 365 and assumed that the distribution of light radiation during a day follows a triangle pattern with a duration of 12 h.




2. The Fundamental Working of Solar Stills


An essential solar distiller consists of a reservoir containing a shallow layer of saline water in a basin that is colored black, a glass in an inclined position, a channel for collecting fresh water, a thermal barrier on all sides except for the glass one, an exit valve for removing solid sediments from the basin, and an inlet for introducing water. The storage container is filled with natural light, which heats the saline water within the basin, which then vaporizes. The vapors condense into liquid water upon the passage of heat to the glass cover. Condensed drops from the tilting lid are collected in the extraction canal located on the side wall of the still. The salts and pollutants are left behind and can be removed using the removal process. Although solar stills have the ability to transform salt water into low-TDS water, they are not efficient and have a limited capacity for water production [58].




3. Climate of Iran


With an area of 1,648,000 km2 and a population of more than 80 million in 2017, Iran is the seventeenth biggest country in the world and is located in the western region of Asia [59,60]. Agricultural land makes up nearly 11.2% of the country’s total land area, while 8.7% is forested, 19.7% is arid land, and 7.3% is industrial/residential. In recent years, the nation has seen a decline in precipitation and is faced with drought and shortages of water [61]. The climate in Iran is predominantly arid and semi-arid, with the exception of the mountainous regions in the northern and western parts of the entire country. In addition, apart from the coastal regions, the temperature in Iran exhibits a substantial annual variation, ranging from approximately 22 °C to 26 °C. The majority of Iran experiences the influence of subtropical high air masses throughout the summer season. These result in the occurrence of scorching summers in the country, while precipitation reduces to 100 mm or less in the central and eastern regions of Iran. Iran has a favorable geographical location for receiving solar energy. The sun irradiation in Iran is predicted to be around 1800 to 2200 kWh/m2 per year, which exceeds the global average. Iran has a high average annual number of over 280 sunny days, which covers over ninety percent of its territory and represents a significant and lucrative energy resource [62].




4. Mathematical Calculation


4.1. Energy Analysis


One method for determining the energy efficiency of a system is to calculate the ratio of the system’s productivity to the total quantity of energy that it absorbs from solar radiation. The equation below shows how energy efficiency could be measured effectively [1,63].


    η   d a i l y   =     m   e v   ×   h   f g       I   t   ×   A   b      



(1)







The variables     I   t     (W/m2),     m   e v     (L/h), and     h   f g     represent the cumulative daily radiation, the daily production of the system, and the latent heat of vaporization, respectively. Furthermore,     A   b     represents the precise measurement of the surface area of the absorber in a traditional solar desalination setup. In a simple system,     A   b     is equal to the basin of the solar still, which in this study is 1 m2, and in our proposed modified system,     A   b     refers to the combined area of both the reflector plate and the absorber plate in a solar still.




4.2. Thermal Equations


The heat transfer modes using energy balances and possible heat transfer routes in our proposed system are presented in Figure 2. The calculation of the volume of water production and the required area was conducted using Microsoft Excel 2020 by considering energy balance equations for the glass, water, and basin and for the parameters mentioned in Table 1 [64]. The energy balance equations are as follows:



The energy balance of the glass cover [45]:


    M   g   C   p   g     d   T   g     d t   =   Q   w − g   c   +   Q   w − g   r   +   Q   w − g   e   −   Q   g − a   c   −   Q   g − s   r   +   α   g     A   g   I ( t )  



(2)







In this equation and on the left side,     M   g    ,   C   p   g    , and     T   g     are the mass of glass, the specific heat transfer, and the glass temperature. On the right side of the equation,     α   g    ,     A   g    , and   I   t     are the sorption percentage, the area of the glass, and sun irradiation, respectively. In addition,     Q   w − g   c    ,     Q   w − g   r    ,     Q   w − g   e    ,     Q   g − a   c    , and     Q   g − s   r     are the convection energy input from the water to the glass, the radiant energy input from the water to the glass, the evaporation energy input from the water to the glass, the convectional energy loss from the glass to the air, and the radiant energy loss from the glass to the sky.



The energy balance for the water [45]:


    M   w   C   p   w     d   T   w     d t   =   Q   b − w   c   −   Q   w − g   c   −   Q   w − g   r   −   Q   w − g   e   −   Q   f w   +   α   w     τ   g     A   w   I ( t )  



(3)







Similar to the above equation, this equation is written for the water’s energy balance, and the differences from the previous equation are     Q   f w    ,     τ   g    , and     A   w    , which are related to the loss of energy because of water production and saltwater entering the basin, the percentage of solar irradiation that passed the glass, and the area of the water in the basin.



The energy balance for the basin [45]:


    M   b   C   p   b     d   T   w     d t   =   − Q   b − w   c   −   Q   l o s s   +   α   b     τ   w     τ   g     A   b   I   t   +   Q   R − b   r    



(4)




where     A   w   ,     A   b   ,     T   w   , a n d     T   g     are the area of water, the basin area, the temperature of the water, and the temperature of the glass, respectively. In addition,   −   Q   l o s s    ,     Q   R − b   r    ,     τ   w    , and     A   b     are the loss of energy from the basin to the air, the irradiation energy from the reflector to the basin, the solar irradiation that passed the water depth, and the basin area.



The convection heat transfer between the water and the glass can be calculated as [65]


    Q   w − g   c   =   h   w − g   c     A   w   (   T   w   −   T   g   )  



(5)







The radiation heat transfer between the water and the glass can be calculated as


    Q   w − g   r   =   h   w − g   r   (   T   w   −   T   g   )  



(6)







The evaporation heat transfer between the water and the glass can be calculated as [65]


    Q   w − g   e   =   h   w − g   e     A   w   (   T   w   −   T   g   )  



(7)







The convection heat transfer between the basin and the water can be calculated as [66]


    Q   b − w   c   =   h   b − w   c     A   b   (   T   b   −   T   w   )  



(8)







In the mentioned equations,     h   w − g   c    ,     h   w − g   r    ,     h   w − g   e    , and     h   b − w   c     are the heat transfer coefficient of convection between the water and the glass, the radiation between the water and the glass, the evaporation between the water and the glass, and the convection between the basin and the water, respectively. The parameters that are used in the above equations can be calculated as below [65,67,68]:


    h   w − g   e   = 0.016237 ×   h   w − g   c   ×       P   w   −   P   g         T   w   −   T   g      



(9)






    h   f g   =   2401.67 −   2.389 ×   T   w       ×   10   3    



(10)






    h   w − g   c   = 0.884 ×       T   w   −   T   g   +       P   w   −   P   g     ×     T   w   + 273.15     268900 −   P   w           1   3      



(11)






    P   w   = exp ⁡   25.314 −     5144     T   w   + 273        



(12)






    P   g   = exp ⁡   25.314 −     5144     T   g   + 273        



(13)







    P   w     and     P   g     are the partial saturated vapor pressure in water and the glass temperature, respectively [67].


    h   w − g   r   =   ε   e f f ×   σ ×     (   T   w   + 237.15 )   4   −   (   T   w   + 237.15 )   4       T   w   −   T   g      



(14)






    ε   e f f   =       1     ε   w     +   1     ε   g     − 1     − 1    



(15)






    h   w − g   e   = 16.273 × 1   0   − 3   ×   h   w − g   c         P   w   −   P   g       T   w   −   T   g        



(16)







The solar irradiation reflected from a reflector to the basin of the solar still:


    Q   R − b   r   =   A   b   ×   h   r − b   × i r r a d i a t i o n  











The hourly water production of the solar still [69]:


    m   e v   =     h   w − g   e       T   w   −   T   g     × 3600     h   f g      



(17)




where     m   e v     and     h   f g     are the hourly water production (liter/hour) and the latent heat of evaporation (W/m2 K). To facilitate the calculation and by considering the equal temperatures of the basin and the water, which is almost a correct assumption, Equations (2) and (3) can be combined, and Equation (18) will be extracted. In this research, we utilized this equation. So, as shown in Figure 4, we consider the water and the basin a system, and we consider the input and output energy to this system.


    M   w   C   p   w     d   T   w     d t   +   M   b   C   p   b     d   T   w     d t   =   − Q   w − g   c   −   Q   w − g   r   −   Q   w − g   e   −   Q   f w   −   Q   l o s s   +   α   b     τ   w     τ   g     A   b   I ( t ) +   α   w     τ   g     A   w   I ( t )  



(18)









5. Description of the Proposed System


According to the climatic conditions of the study area and previous studies in south Iran, despite the initial high cost, the use of solar energy is a good option for a long period of time. In addition, previous research shows that the water-production rate of solar desalination systems is almost 0.5 L/m2 hr. Therefore, it does not seem reasonable to use conventional solar stills unless utilizing a modifications approach, which is capable of significantly reducing the required area. As a result, in this research, an effort was made to provide the water with the minimum required number of modified solar still systems with no high-tech materials.



The mathematical inquiry involves two solar stills that have identical features. One of the solar stills is equipped with a parabolic solar collector to function as an improved solar still, while the other one remains a traditional solar still for the sake of comparison. The solar stills consist of a galvanized steel sheet that is 0.002 m thick and has an effective basin area of 1 m2. The object consists of a black basin that is tightly sealed at the top with a transparent glass cover. The upper glass layer is 4 mm thick and is inclined at a 30-degree angle relative to the horizontal surface. The calculation is performed assuming no leakage. Furthermore, the orientation of both systems is deemed comparable. The water temperature increases due to sun radiation, facilitated by convective heat transfer from the water to the basin. The water vapor ascends, departs from the surface of the basin, encounters a barrier, and results in the condensation of vapors to water.



The main drawbacks of conventional solar still systems are the high required energy for heating the water, the elevated temperature of the glass during the working time, and the limited working time. As shown in Figure 3, in order to overcome the high temperature of the glass, a new water pathway for the solar still system was used in this research. In the proposed new system, the water entrance pathway was changed, and after passing through the grooves of the top glass, the heated water feeds into the basin.



In order to make the calculations simpler, instead of using the exact radiation values, we assumed that the hourly solar radiation distribution is geometrical. Therefore, as shown in Figure 4, we assumed that the daylight period is 12 h of radiation, and its distribution is linear. Although this assumption is not accurate, it is not far from the actual irradiation of the south of Iran. Based on the below calculation and Figure 4, it can be seen that approximately 0.55% of solar radiation is in the middle 4 h of the day, which justifies the 4 h period that we considered in this research. And the highest amount of water production is in the same hourly range.


  E n t i r e   a r e a   u n d e r l i n e = 0.5 × 1000 ×     18 − 6   +   13 − 11     = 7000   W a t t   p e r   d a y  













   U p p e r   h a t c h e d   a r e a = 0.5 × 200 ×     14 − 10   +   13 − 11     = 600   W a t t   p e r   d a y   













   L o w e r   h a t c h e d   a r e a = ( 14 − 10 ) × 800 = 3200   W a t t   p e r   d a y   













   Proportion   of   hatched   area :     ( 3200 + 600 )   7000   × 100 ≅ 55 %   











Proposed Solar Energy Collection


Considering a parabolic reflector for improving solar energy systems is an appropriate approach [70], and as shown in Figure 2, the amount of radiation in the system can be increased to a great extent. However, the critical point is that the angle of the sun will be different during the day and during the year. Considering the angle of sun radiation in the south of Iran and based on Figure 5, it can be concluded that the solar radiation during a year is almost between 40 and 85 degrees.





[image: Water 16 00355 g004] 





Figure 4. Linear approximation of solar irradiation in the south of Iran. 






Figure 4. Linear approximation of solar irradiation in the south of Iran.
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Since we are trying to propose a passive system that reflects solar radiation to the distillation system throughout the year without the need to apply direction changes or a solar radiation tracking system, the important point is to adjust the angle of the reflector in such a way that there is no need to change the angle of the reflector throughout the year and this system can reflect solar radiation to the solar still. This can be achieved by using the concept of a focal plane instead of the focal point of the reflector.



The radiation parallel to the main axis of the parabolic reflector focuses solar irradiation on the focal point; however, in such conditions and with the change in the angle of sun radiation during the day and throughout the year, the location of the focal point will be changed. Therefore, in order to limit the reflected energy from the parabolic reflector to the solar still, it is necessary to calculate the proportional theta angle based on the peak hours of solar radiation energy (middle 4 h of the day) and the dimensions of the distillation system in such a way that the stated objectives are met. As shown in Figure 6, according to the target surface and the desired θ angle, the amount of surface needed for the reflector can be obtained [72]. Considering that the radiation angle in the desired geographical area is between 40 and 85 degrees, if the reflecting direction is set in the middle of the two, the angle will become about 64 degrees, and the θ angle is 24 degrees. So, we can reflect the sun’s radiation to the target surface (the bottom of the solar still system) all year round for at least 4 h a day.



As we know, every hour the movement of the sun is equivalent to 15 degrees. Therefore, it is necessary to consider a horizontal θ angle of 30 degrees so that the sun’s radiation in the range of 2 h before and 2 h after noon can be reflected to the target area, that is, the bottom of the solar still system. Therefore, the previous calculated angle (24 degrees) is not proper for this purpose, and we considered the θ angle equal to 30 degrees and calculated the required reflective surface. As a result, based on the below equations [73], the reflector must have a surface four times higher than the target surface, which has a surface of 1 square meter.


    C   i d e a l   =   1     ( s i n Θ )   2      



(19)






  C =     A   r e f l e c t o r       A   t a r g e t      



(20)







This value means 4 square meters of reflecting surface, which results in a reflecting radius of 110 cm. Therefore, the parabolic reflector has an approximate radius of 110 cm and an angle direction of 63 degrees.





6. Mathematical Model Verification


In order to ensure the applicability and reliability of the results, validation of the utilized mathematical models is of great importance. In this regard, the mathematical equations and input data, such as ambient temperature, radiation intensity, and area of the solar still, from previous research published by [74] were utilized to validate the calculation process. As Figure 7 shows, our calculations are accurate enough that the modeling, calculation, facilitating assumptions, and outcome results are considered correct.




7. Results and Discussion


The south of Iran receives high solar irradiation and is sunny most of the year; therefore, a solar still farm is a good choice for providing the required water for irrigation. In this regard, the proposed system utilizes solar power as one of the mentioned enhancement mechanisms. Considering the effects of reflectors, Figure 8 presents the total solar energy that enters the solar still system. It is noteworthy that even when the fecal area is not entirely on the basin, part of the reflection affects the energy entrance of the basin. Still, we ignore these energy inputs and consider the reflected solar radiation for 4 h.



The results presented are for a clear and sunny day despite the fact that solar intensity can vary from what we consider during a year. We consider a comparison between the proposed method and a conventional solar still calculated for summer, in which the solar radiation is high. As is presented in Figure 8, the maximum solar radiation was about 3520 W/m2 and 2816 W/m2 at noon and two hours before and after that, respectively. Figure 9 depicts the variation in temperature in the conventional and proposed systems. It is widely recognized that the disparity between the water and the glass cover inlet gives rise to an augmentation in the heat transfer through natural convection within the confines of the desalination system. The average difference between Tw and Tg in the conventional system was 6 °C. The highest Tg and Tw values were obtained at 1 p.m., about 58 °C and 67 °C, respectively, which led to a 34 °C temperature differential between the glass and the ambient temperature. The temperature fluctuation of the suggested system is also depicted in Figure 9. The patterns exhibited similarities to conventional ones, albeit with significantly greater values, primarily attributed to the integration of a solar collector. Throughout the testing, the average temperatures of the basin, water, and glass cover were recorded as 48, 39 and 29 °C, respectively. The water production of solar desalination increased by widening the temperature difference between the temperature of the water (Tw) and the temperature of the condenser (Tg). The glass cover reached a maximum temperature of 88 °C at 2 p.m., while the water vapor reached a maximum temperature of 98 °C at the same time.



Figure 10 illustrates the hourly fluctuation in freshwater production by both the traditional and proposed systems. The water generation trend is similar at different hours in both cases. The maximum hourly production, as determined, was 1.3 L/m2 and 5.06 L/m2, respectively, achieved at 1 p.m. The results demonstrated that the daily distillate production of the traditional and proposed methods was 23.29 L/m2 and 7.73 L/m2, respectively. The production increased by 301% compared to that of passive ones. The creation of water persisted in the evening after 6 p.m. even under low solar radiation in both. Furthermore, the amount of energy produced during the night in an active system was greater than in a passive system as a result of higher water and basin temperatures. The use of a solar collector increased the system’s absorption area and enhanced the water temperature in the solar still system.



Figure 11 displays the hourly energy efficiency of the systems. The efficiency of the solar still paired with a solar collector was higher than that of a traditional system due to the increased absorption area of the device. It was noted that the suggested system exhibited higher energy efficiency compared to conventional methods during different hours of testing. This was attributed to the utilization of a solar reflector. The conventional mechanism achieved a maximum hourly energy efficiency of 67.9%, whereas the proposed system achieved a maximum hourly energy efficiency of 78.2%. The daily energy efficiency for the systems was 25.6% and 32.6%, respectively.




8. Conclusions


Providing appropriate water in arid and semi-arid areas that are facing water shortages is of great importance, especially when agricultural activity is the leading financial resource of a local community. In the south of Iran, the local economy is highly dependent on agricultural activity, which is affected by high temperatures, high solar irradiation, a lack of proper water, and a lack of access to advanced technology. Although the presence of brackish wells near farms allows farmers to provide water for irrigation, high salinity and TDS dictate the need for a desalination system. Although there are a couple of studies trying to enhance the solar still water-production rate, they use high-tech elements like nonmaterial resources or combine the solar still system with other systems, which leads to non-significant increases in the water-production rate. For instance, Ref. [53] used nanomaterials and phase exchange materials to enhance the water-production rate to 136%, which, although it is a significant enhancement, the more complicated structure using wicks and trays in addition to nanomaterials makes it difficult to build and, importantly, maintain this system in remote areas. In addition, photovoltaic-based systems, such what Xiao et al. [55] utilized to enhance the water productivity compared to the mirror system which was implemented in this research, are more vulnerable to environmental factors, like very high temperatures, severe wind, heavy rain, and freezing. Kabeel et al. [48], used a basic improvement in the basin by adding hollow fins to the basin of the solar still in order to improve the heat transfer from the basin to the water, which does not cause any particular problems in construction or maintenance. However, it could increase water production by 1.6 L, from 4 L to 5.6 L per day. In contrast, in this paper, a solar still is designed utilizing conventional solar still and solar cooking concepts to overcome the drawbacks mentioned in previous research. For this purpose, a parabolic reflector was used to significantly increase the solar energy input to the solar still system and improve the water-production rate. The results showed that using the proposed system can increase the daily water production from almost 7.5 L/day to almost 24 L/day, which can be highly applicable to field-scale projects of providing water for less privileged rural areas or farmers who are faced with high-TDS water sources. In addition, although the efficiency of the proposed system is higher than that of the conventional mechanism, the decreasing rate after noon is also higher, which illustrates the significant need to use methods to lower the energy loss of the system. This research illustrates the capability of solar still systems to integrate with other systems. For future research, the following information can be provided:



Parabolic Collector Design Optimization:




	
Ensure that the parabolic collectors are specifically built to achieve the highest possible concentration of sunlight on the surface of the solar still.



	
Investigate high-performance materials for constructing the parabolic collector in order to enhance its resilience and ability to reflect sun irradiation.



	
Incorporation of Tracking devices:



	
Deploy solar tracking devices for the parabolic collectors to accurately track the sun’s trajectory throughout the day. This guarantees that the solar still receives the most favorable sunlight during the entire day, not just for 4 h.



	
Selective Coating for Solar Steel:



	
The coatings can be engineered to optimize absorption in the visible and near-infrared range while minimizing thermal energy dissipation through radiation.



	
Environmental Considerations:



	
Evaluate the ecological repercussions of the solar desalination system and strive for long-term viability. This may entail utilizing sustainable materials, implementing recycling techniques, and mitigating any adverse impacts on the local ecosystem.
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Nomenclature




	Term
	Description



	HTC
	Heat transfer coefficient



	     h   w − g   c     
	Convective HTC from seawater to glass, W per K per m2



	     h   w − g   r     
	Radiative HTC from seawater to glass, W per K per m2



	     h   w − g   e     
	Evaporative HTC from seawater to glass, W per K per m2



	     Q   w − g   c     
	Rate of convective heat transfer within seawater and glass, W/m2



	     Q   w − g   r     
	Rate of radiative heat transfer within seawater and glass, W/m2



	     Q   w − g   e     
	Rate of evaporative heat transfer within seawater and glass, W/m2



	     k   b     
	Basin thermal conductivity, W per m per °C



	     k   i n s     
	Insulation thermal conductivity, W per m per °C



	A
	Surface area, m2



	     c   p     
	Specific heat, J/kg °C



	     I   s u n     
	Intensity of solar radiation, W/m2



	     l   i n s     
	Insulation thickness, m



	     l   b     
	Basin thickness, m



	     P   w     
	Partial saturated vapor pressure in seawater temperature, Pa



	     P   g     
	Partial saturated vapor pressure in glass temperature, Pa



	     T   w     
	Seawater temperature, °C



	     T   g     
	Glass temperature, °C



	     T   b     
	Basin temperature, °C



	   ρ   
	Density, kg/m3



	t
	Time, s



	   σ   
	Stephan Boltzman, W/m2 °K4



	     ε   e f f     
	Emissivity
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Figure 1. Solar irradiation of Iran [57]. 
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Figure 2. Schematic diagram of the energy balance of a single solar still slope and structure of the proposed system. 
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Figure 3. Describing new pathway of water. 
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Figure 5. Solar irradiation angle in the south of Iran [71]. 






Figure 5. Solar irradiation angle in the south of Iran [71].



[image: Water 16 00355 g005]







[image: Water 16 00355 g006] 





Figure 6. Definition of focal area concept [72]. 
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Figure 7. Model and calculation comparison with previously published research [74]. 
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Figure 8. The solar energy input to the basin of the solar still considering the reflection. 
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Figure 9. The temperature of the solar still systems. 
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Figure 10. Water production and cumulative water production per day of the proposed system. 
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Figure 11. Energy efficiency of the systems. 
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Table 1. Numerical parameters [54].
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	Parameter
	Value
	Parameter
	Value
	Parameter
	Value





	     ρ   g     
	2500       k g   m   − 3      
	     ρ   b     
	7800       k g   m   − 3      
	Water thickness
	1 cm



	   C   p   g     
	   840       J   k g   − 1       K   − 1       
	   C   p   b     
	   460       J   k g   − 1       K   − 1       
	Insolation thickness
	5 cm



	Glass thickness
	4 mm
	Basin thickness
	2 mm
	Isolation     K   i    
	0.059



	    α   g     (irradiation sorption)
	0.05
	    α   w     (irradiation sorption)
	0.05
	     α   b     
	0.9



	    τ   g     (irradiation passing)
	0.9
	    τ   w     (irradiation passing)
	0.95
	    A   b     (area of the basin)
	     m   2     
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