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Abstract—Limited access to potable water sources is turned to one of the basic human concerns today. Therefore, solar desalination units as a cost-efficient solution have attracted more attention in recent years. Solar stills are devices of great interest to researchers because of the low cost of construction, having no complex mechanisms, and less need for service and maintenance. Much study has been recently done in relation to modeling, economization, and optimization of these devices, most of which were carried out in Asian countries with hot and dry climates. Regarding that solar desalination systems often enjoy low efficiency; the present work has reviewed researches conducted by others to evaluate the effect of magnetic impact using   Ferrofluid and also ultrasonic waves as known approaches to enhance the performance and water output of such devices. The method and findings of the previous scientific studies are discussed comprehensively in this review.
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INTRODUCTION  
Global population growth rate has increased rapidly in recent years and limited access to freshwater resources will be led to a crisis [1]. The lack of water and also water pollution has resulted in a critical circumstance affecting all aspects of life, particularly in underdeveloped countries [2]. In addition, the increase in human activities [3], the use of fossil and polluting fuels [4], and the pollution of surface and groundwater [5] have made the environmental crisis a new challenge, consequently increasing the demand for clean water [6]. Therefore, providing people with fresh drinking water is a priority for all governments worldwide [7]. 
Middle East and North Africa are currently experiencing greater water scarcity worldwide [8]. However, given the many renewable resources of the energy, particularly solar energy, and saline underground water resources.
There is a suitable platform for the use of solar energy in order to water desalination [9]. In Iran, water is still not treated in many rural and disadvantaged areas, which is a particularly serious problem in some remote areas that use aqueducts, springs, and wells for water supply. In addition, water salinity has increased in many of these areas because of shortage of clean water resources and the depletion of underground aquifers in recent years. Other regions also have access to saline seawater while lacking access to a water distribution and filtration network. Therefore, developing small desalination units such as solar stills can be effective in such conditions [10, 11]. Since the central and southern regions of Iran are among the warmest zones in the world, it is economical to use solar radiation as a free source of energy for desalination [12]. 
Water production does not offset the ancillary costs and construction of water treatment plants, necessitating more research to evaluate the economics of the plants and increase operating efficiency. Most studies on solar desalination systems today aim to boost efficiency and provide more desalination water using conventional methods. However, there is a dependency between efficiency of such systems and their design characteristics [13]. 
A survey of scientific literature has revealed that most of the parameters affecting the efficiency of solar desalination systems could be divided into three general categories: proper design and construction of the device, proper installation and use of the device, and proper use of the received energy [14-17]. 
Every solar desalination system efficacy can vary by parameters including climatic conditions, like radiation intensity, wind speed, air temperature of the test site, and design features of the desalination system, such as adsorption, capacity, water depth, water impurities, distillation surface slope, and floor insulation thickness [18-20].
Technologies to produce freshwater through solar water desalination are becoming increasingly popular in conjunction with other renewable sources [21]. Solar stills are among the most sustainable solutions of desalination [22]. The solar desalination system has a simple mechanism to turn salt water into drinking water based on the same evaporation and condensation process that results in natural rain [23]. The conventional solar still (CSS) consists of a black pond filled with salt water to a certain depth. This pond is covered with slanted glass to facilitate the transmission of solar radiation and condensation. After saline water enters the pond, solar radiation heats the black surface and the water which is inside it, causing evaporation. The water vapor formed on the slanted glass surface condenses due to the pressure and temperature difference and then collects at the end of the surface [24, 25].  It is possible to use this water in areas with no potable water supply and no access to a power source to provide fresh water. If the heat loss at the bottom and sides can be reduced to the lowest possible value, the solar still will have even better efficiency [6]. A more comprehensive overview of the classification of solar stills is plotted in Fig.1.

Fig. 1. Classification of solar stills [26].

Many researchers have used different techniques to achieve high efficiency. For example, Kasturi Bai et al. [27] designed a basin type solar still, which was enhanced with an improved compression method. 
Omara [28] developed the stepped-type solar still equipped with internal reflectors. Faegh [29] experimented on a solar still which benefited from an external heat storage system. He applied phase change materials and heat pipes in his device. 
Sharshir et al. [30] improved solar stills using flake graphite nanoparticles (FGN) and materials that can change phase (PCM) by using film cooling. Application of the three mentioned elements enabled them to increase efficiency by 73% compared to conventional devices. Solar stills with single and double tilt in passive and active modes using nanofluids were ameliorated by Bait [31]. 
Dumka et al. [32] evaluated the efficiency of ordinary solar still loaded with 100 sandbags, and concluded that the energy efficiency was higher. Kabeel et al. [33] studied the absorber plate of a solar water desalination device with a pyramidal basin. In this experiment, black nanoparticles were initially placed in the basin, followed by investigating the performance of the solar water desalination system at different water depths. Another experimental investigation was performed by Manokar [34] on a pyramidal solar still in two active and passive modes. 
In another study [35], Manokar investigated the effects of the depth of the device and its insulation on the efficiency of the pyramidal acrylic desalination device. Madiouli et al. [36] studied a single-slope solar desalination plant equipped with a parabolic flat plate collector and expanded packed bed. Panchal et al. worked on solar water desalination equipped with evacuated pipes and calcium stones for efficiency improvement [37]. 
[bookmark: _Hlk107218147]An experimental analysis of water quality in solar stills with vertical and inclined fins was accomplished by Panchal et al. [38]. Ahmed et al. [39] worked on concentrating more solar radiation in a tubular solar still. The single-slope solar still with one and two basins using energy storage materials and external heaters was analyzed experimentally by Kamal et al. [40]. 
Makkiabadi et al. [41] assessed a new hybrid system used for solar desalination and freshwater supply in areas with hot and dry climate. Mevada [42] studied evacuated tubes coupled with a special solar still which was equipped with a condenser and fins. Since floating solar water desalination is a useful technique in coastal areas, Raihananda et al. [43] developed floating desalination plants that could be deployed cost-effectively in developing countries. Al-Harahsheh [7] evaluated the efficiency of a double glass cover solar still that was self-powered and used phase change materials connected to the solar collector. 
In another research, Dumka et al. [44] used sand-filled glass bottles to investigate their impact on the efficiency of a conventional solar still. To optimize the performance of a passive-type pyramidal solar water desalination system equipped with an automatic water supply system, a practical design was implemented by Elgendi et al. [45]. Kateshia et al. [46] carried out an experiment using different fatty acids as phase changers to enhance the efficiency of a solar still. Kumar et al. [47] reported that the addition of PCM could increase the water production rate of the device by increasing the depth of salt water. Fig. 2 displayed the categorization of solar desalination systems according to this research.

Fig. 2. Classification of solar desalination systems [47].
Mevada [6] used energy storage materials to achieve high performance for solar still. In recent research, Nourollahi et al. [48] used the Taguchi analysis method to simultaneously investigate the factors affecting the performance of solar ponds with a slope and then determined an optimum middle layer thickness as an effective parameter. The use of thermal energy storage materials in solar desalination systems was examined by Shabgard et al. [49].
Chelghan et al. worked on a single-slope basin solar still production with a built-in additional flat-plate solar air collector [50]. Siva Krishna et al. worked on modelling of solar still production using artificial neural network [51]. 
Mousa and Naser worked on theoretical prediction of the temperatures and production of a normal solar desalination unit with PCM [52]. Al-Mezeini et al. [53] studied on single slope solar still for water desalination. Msomi and Mkhize [54] in new research, analyzed the year- round productivity of based multistage solar still. Singh et al. [55] evaluated the function of solar still with an octagonal pyramid shape design. Hameed et al. [56] worked on solar irradiation collecting techniques in solar stills. 
The introduction of nanofluids, a new class of working fluids with enhanced thermophysical characteristics, has opened new avenues for improving the thermal performance of various thermal systems [57]. In a variety of applications, many researchers have investigated different preparation techniques [58], dynamic viscosity [59], thermal conductivity [60], heat transfer performance [61], evaporation rate [62], and tribological properties [63] of different types of nanofluids. Unlike base fluids, nanofluids possess unique properties, including specific heat, density, viscosity, and thermal conductivity. 
The addition of nanoparticles to the base fluid alters its thermophysical properties. In recent years, the rapid development of engineering technologies has contributed significantly to improving heat transfer. Some of the presented methods include increasing the thermal surface area of the blades, increasing the turbulent flow, vibrating the heating surfaces, or using electric and magnetic fields [64-67]. Research shows that the thermal performance of heat transfer systems increases with increasing magnetic field strength. 
The magnetic nanoparticles used produce specific properties compared to other metal nanoparticles in the proximity of the magnetic field. Depending on the desired application, different chemical syntheses of magnetic nanofluid have been developed for various applications. However, the surface coverage of nanoparticles and their colloidal stability based on water are two main factors for their use [68-72]. 
Goshayeshi et al. [73] explored solar stills with semicircular, triangular, and rectangular absorbers and used PCMs based on nanoparticles for continuous desalination while increasing daily freshwater production. Shoeibi et al. [74] worked on a mixture of nanoparticles of copper oxide and paraffin wax at a certain concentration as an energy storage medium.
As mentioned above, Iran lacks fresh water in many areas, although it has access to salt water. Depending on the geographical conditions, the development and improvement of household desalination units can be an ideal solution to compensate for the lack of potable water, and CSSs are suitable for this purpose [75, 76]. 
Review studies can help identify research gaps and challenges related to CSS development. Previous review studies of CSSs have generally focused on the design and optimization of the physical components [77-83], investigating the impact of installing other devices in solar stills such as heat exchangers, condensers, and reflectors [84-87], using PCMs and thermal energy storage materials [6, 88, 89], assessing the effect of environmental conditions [90, 91], and evaluating the use of nanomaterials and nanofluids [92-94]. According to our investigations, few studies have comprehensively examined the effect of magnetic fields, ferromagnetic materials, and ultrasonic waves on the performance of CSSs, and the lack of information in this field is obvious. 
This review, primarily introduces nanofluids, magnetic nanoparticles, and their applications. Then, recent experimental and numerical studies on the effect of magnetic fields and ultrasonic waves in CSSs are discussed, followed by evaluating their advantages and challenges. Finally, the influence of a magnetic field and ultrasonic phenomena on a solar desalination unit is analyzed concurrently by comparing the existing articles to achieve high efficiency of the solar water desalination device and its water output. This review can form the basis for future research to solve challenges and optimize the use of magnetic fields and ultrasonic waves in solar water desalination.
MAGNETIC EFFECT ON SOLAR DESALINATION
NANO FLUID ()
Technological advancements such as high-speed microelectronic devices, high-power motors, etc. increase heat load, emphasizing the need for improved cooling. Conventional methods for increasing heat transfer involve rising surface area to allow for more heat exchange [95, 96]. Thus, the size of heat transfer systems increases unfavorably. Therefore, there is an urgent need for a new operating fluid that improves the thermal performance of heat transfer systems. The term "nanofluid" is introduced by describing the dispersion of nano-sized particles (>100 nm) in primary working fluids such as water and ethylene glycol [97]. Compared to the base fluid, nanofluids perform better in terms of convective heat transfer and thermal conductivity. Consequently, numerous studies have been conducted on nanofluids with prospective applications in sensitive areas.
Features that distinguish nanofluids include their use in industry, such as cooling electronic devices, solar energy, increasing the efficiency of power plants, and recovering waste heat, in the pharmaceutical industry, and in thermionic energy generators. Fig. 3 depicts some applications of nanofluids.
[image: ]
Fig. 3.Various industrial applications of nanofluids [98].
[bookmark: _Hlk133418044]Metals [98-100], and carbon nanotubes [101, 102] are among common nanoparticles used in the preparation of nanofluids.  Recently, nanofluids based on nitrides and ethylene glycol have been introduced. The dispersed nanoparticles in these nanofluids are aluminum nitride (AlN), silicon nitride (), and titanium nitride (TiN) [103]. The nanoparticles can be classified into individual metal components, such as Fe, Cu, and Ag, single metal oxide components, such as CuO, , , and , conjugates, such as Cu-Zn, Fe-Ni, and Ag-Cu, multi-element oxides, carbides, nitrides, and carbon-based nanomaterials, such as graphite and carbon [104]. The use of low-cost and environmentally friendly materials can be a solution to access the clean water scarcity in areas with access to the coast. Nurmatov et al. worked on the multicomponent heat storage nanofluid with phase change behaviour for solar power stations.[105] Adibi et al. [106] carried out an experiment on new designed stepped solar still with   and graphene oxide and paraffin under constant magnetic field. Goharkhah, checked the forced convective heat transfer of a water-based  Ferro fluid using the induction of an alternating magnetic field, which was not uniform, and a special method for different Reynolds numbers. The results were then compared with the one that has no magnetic induction, indicating that the heat transfer improved with different Reynolds numbers [107]. The effect of generating a magnetic field from outside the system on the forced convection heat transfer and pressure drop of a water-based  nanofluid in a miniature heat sink was practically investigated by Ashjaee et al. [108]. Heat constantly came from the lower part, while other parts were insulated. In addition, an external magnetic field was induced into the heat sink using an electromagnet. These results confirmed that heat transfer increased due to the induction of the magnetic field acting on the Ferro fluid. In this experiment,  Ferro fluid with a temperature of at entry was injected into the heat sink, which was heated from below with a constant heat flux and had insulated side and top walls.
The volume fractions were divided into four parts and used for the desired tests. The assumed tests were performed at five different Reynolds numbers and assuming steady flow. Six different flux densities were applied to the heat sink, and the effect of the generated uniform magnetic field on the forced convection heat transfer of Ferro fluids was then discussed in the next step. The surface temperature of the heat sink was determined at four equal places to calculate the local heat transfer coefficient. Finally, the effect of the magnetic field on the average heat transfer coefficient at different volume fractions was plotted in Fig. 4.
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Fig. 4.The effect of magnetic field on the average heat transfer coefficient of Ferro fluids with different volume fractions [108].
Yew et al. examined - NPs due to their unique properties such as super-paramagnetic, biocompatible, biodegradable, and nontoxic to humans [109]. In another work, Seo et al. analyzed the heat transfer suppression characteristics of Ferro fluid and the average Nusselt number of Ferro fluid at different magnetic field intensities and concluded that the heat transfer properties of Ferrofluid were suppressed under strong magnetic field intensity. Balachandran et al. employed the micro-coated and nano  particles. The experiment conducted in a solar still with a single slope showed that this method results in a higher water productivity rate [110]. In a study carried out by Wang et al., nanofluids containing PDA-capped  Nano spheres were used for the first time as photo thermal materials for solar evaporation [111]. 
 In a recent study, Baskaran and Saravanane investigated solar still applications for practical desalination and clean water supply using montmorillonite nanoparticles [112]. The research of Chen et al. indicated that the control of nanoparticle size could be an optimal method in order to prepare magnetic nanofluids with desirable properties and useful in various fields [113].
 Fig. 5 exhibits the formation of nanofluids from nanoparticles. In the following, Fig. 6 shows a proven way that is suitable for nanofluid preparation. The introduced method prepares these particles from dry powder using chemical or physical processes in the first phase before being applied to the base fluid in the second phase of synthesis by processes such as high atomization, ultrasonic stirring, and drilling mills [97]. Zheng used  particles to prepare the Ferro fluid. Fig. 7 manifests a transmission electron microscopy image of the nanoparticles. Jajarm clarified that the use of  at a mass concentration of 2% improved the thermal function of the heat pipe. As shown, the heat transfer coefficient improved when the filling ratio to pure water was 50% [114].
Varma et al. prepared Ferro fluids with different magnetic properties and viscosities to passively cool light emitting diodes [115]. 
[bookmark: _Hlk107907062]During magnetic field induction, the magnetic particles suspended in the base fluid are arranged in a chain in the direction of the applied magnetic field and increase the viscosity of the Ferro fluid. As the heat transfer increases, the pressure drop intensifies. Fig. 8 shows the state of   nanoparticles after exposing to a magnetic field.
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Fig. 5. Formation of nanofluids from nanoparticles using the one-step method [97].
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Fig. 6. Schematic representation of the preparation of nanofluid by the two-step method [116].
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Fig. 7. Transmission electron microscopy (TEM) image of particles [113].
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Fig. 8. State of   nanoparticles after applying a magnetic field [113].
It can be mentioned that  Ferro fluid is a suitable tool used with the help of electromagnetic field, which can control the volume of the cluster to improve the heat transfer and thermal conductivity coefficient of nanoparticles [117]. As shown in Fig. 9, these  particles are added to a particular oil to produce special magnetic nanofluids with different average dimensions [118].
[image: ]
Fig. 9. Preparation steps of  nanoparticles dispersed in PFPE oil-based magnetic nanofluids [113].
[bookmark: _Hlk109754727]Table 1. Particle sizes and magnetic parameters of Fe3O4 nanoparticles prepared at different temperatures [113].
	[bookmark: _Hlk109754647]Temperature
T (°C)
	Size interval
D (nm)
	Average size
 (nm)
	Magnetization
(emu/g)
	Coercivity
(Oe)

	18
	60–190
	118.7
	81.7
	112.1

	35
	40–110
	69.9
	89.8
	114.3

	45
	20–70
	49.3
	94.9
	96.4

	60
	10–50
	24.6
	82.8
	126.9

	80
	10–40
	20.1
	71.0
	80.0



From the results shown in Table. 1, it can be concluded that the dimensions of  particles decrease when the reaction temperature increases, and the result is a diminution in the saturation magnetism of the nanoparticles [113].
METHODS AND PHYSICAL MODELS
It is necessary to know the solar distillation mechanism to discuss the effect of applying a magnetic field on increasing the efficiency of desalination plants. This mechanism operates similar to rain, where water evaporates by absorbing heat and eventually condenses. Fig. 10 shows the solar still with a glass cover and equipped with a water-resistant basin and a black liner that increases the absorption of solar radiation [26].
[image: ] 
Fig. 10. The principle of operation in a solar distillation system [26].
Some researches on magnetic effect on solar desalination have been carried out experimentally and theoretically that are mentioned in Table. 2.
A brief review on developing a solar still device, with a basin with an additional magnet unit which equipped with a double glass cover, supplied with water, is not without merit. Table. 2, shows basin solar still [118], which contains a water magnetizing unit that creates magnetic water. Suppose the bottom and sides of the basin are insulated with foam surrounded by a wooden frame. Since the absorption of solar radiation, water heating in the pond, and the increase in evaporation are essential in this mechanism, the basin contains porous black stones. 
Table 2. Investigation on magnetic effect on solar desalination
	Researcher
	System
	Method

	Al-Hilphy[118] (2013)
	[image: ]
	Experimental and theoretical study.
The best efficiency experienced at 32.55% and
The devise productivity raised by 50% compared with conventional one.

	Mehdi Zadeh Youshanlouei et al. [124] (2021)
	[image: ]
	Numerical study for the applied magnetic field with NI = 105 and Xc = 0.83 m, water output and convective heat transfer rate elevated by roughly 43, 38, 40,41%, and 48% for cases 1, 2, 3, 4, and 5, respectively.

	Dhivagar, R. et al. [125] (2021)
	


[image: ]
	Experimental study and thermodynamic analysis.
They noticed that the heat storage ability of the graphite plates and water magnetization in GPBMSS remarkably lowered the exergy destructions.

	Dhivagar, R. et al. [129] (2022)
	
[image: ]
	Experimental study.
The results showed that the exergoeconomic parameter of MPSS and CSS with energy base was equal to
33.1 and 24.56 kWh/$, respectively.



The unit that develops the magnetic field is connected under the water tank and consists of magnets with a strength of 0.12 Tesla. Aluminum layers are attached to the inner wall of the basin. This aluminum layer leads to the reflection of the solar radiation on the water pool. The pond balance is installed next to the desalination plant to control the water level in the tank. Aluminum foil is used on the inner wall of the pond to reflect the sun's rays onto the water pond and to increase the efficiency of the system through solar radiation. The water-filled double glass cover is designed with a 30degree slope to increase the amount of condensation [29]. 
Fig. 11(a) illustrate the changes in the temperature of the ambient air, the glass cover, and the water of the pond during the daytime hours, experimentally performed in the presence of the magnetic induction unit and with the double glass cover, and also in the absence of the mentioned items. The results shown in Fig. 11(b) demonstrate that the ambient temperature, the glass cover, and pond water increases as the time-of-day increases, except for the maximum ambient temperature up to 3:30 p.m. After that, it starts to decrease when magnetic water and a double glass cover are used. This problem is of course due to the high solar radiation from 10 a.m. to 12 p.m. and to the increase in thermal energy stored in water.
[image: ][image: ]
Fig. 11. The effect of magnetic water (a)and absence(b) and double glass cover on ambient temperature, basin water temperature, and glass cover temperature at different hours of the day [118].

All the tests conducted in Iraq have shown that the efficiency of magnetic water with a single glass cover is higher than that of normal and modified systems, which increments the rate of evaporation and boosts the heat transfer of the system equipped with magnetic water. Equipped with magnetic water and single glass cover, the efficiency of the solar water desalination system increases every day. The results showed that when using magnetic water and a single glass cover, the highest efficiency increased up to 32.55%, which was associated with magnetized water. As the surface tension of water decreases, the rate of evaporation increases, leading to a comparable efficiency with the existing systems worldwide. Fig. 12 compares the daily productivity (ml/[image: ]2 day) of the conventional and modified desalination systems.
[image: ]
Fig. 12. Comparison of daily productivity (ml/[image: ]2 day) of conventional and modified desalination systems [118].
[bookmark: _Hlk108027144]EFFECT OF MAGNETIC INDUCTION PRESENCE ON SCALE DEPOSITION OF WATER 
The technology of magnetizing water is one of the most controversial issues in the scientific community. One of the positive effects of magnetic water is the reduction of soil salinity when irrigated with magnetic water [119]. In the following, the effect of magnetic induction presence on water calcification in the pipe system of Birjand, Iran is discussed. As previously demonstrated, when water flows through magnetic purifiers under supersaturated conditions, it tends to form soft and detachable sediments from the surfaces [120]. The mentioned research investigated the effect of the presence of magnetic properties on the Birjand city pipe system in two different pilot-scale tests using the Ryznar index. The first test, performed every hour to check changes in the remaining solids, implements a pilot's plan to expose the water in the first tank to magnetic induction and then pools in the second tank. In the next step, TDS is analyzed in four modes. No magnetic field is applied in the first stage, but the magnetic field is applied once, 3 times and 5 times, respectively, in the next stages. From other results, it can be seen that the magnetic field has no significant effects on the water chemistry but changes the Ryznar index to some extent. Fig. 13 shows the pilot of the first experiment, its hourly changes in TDS, and solid residues in vessels [121].
[image: ] 
Fig. 13. Pilot of the first experiment, its hourly changes in TDS, and solid residuals in vessels [121].
Based on some results of this research and similar studies, and given that there are no changes in the corrosion index and the Ryznar deposit, it can be concluded that magnetism does not have a significant direct effect on the water chemistry However, as discussed before, a change in sediment morphology enhances its performance.  
CALCULATIONS OF MAGNETIZATION  
Rashidi and Esfahani designed two single-slope solar stills, one normal and the other with a modified partition, and conducted the tests simultaneously. The area of the basin of the two devices was the same, and the efficiency and water desalination rate of the ordinary and modified devices were checked and compared hourly [24]. In addition, the researchers used numerical simulation method based on the SIMPLE algorithm and proposed various counters for physical discussions of these conditions. Rahbar and Esfahani used a two-dimensional computational fluid dynamic simulation to estimate the efficiency of the desalination plant with a single-slope [122]. The Chilton-Colburn equation was found to be appropriate to analyze the solar distiller efficiency, which agrees well with the results of known models [122]. Other scientific fields have widely used the calculation of magnetization, and the same methods are currently used. For example, the study of jet flow and convective heat transfer during the application of a magnetic field by Nessab [123] indicates that the governing equations can be solved numerically by the finite volume method and using a simple algorithm. In the physical model shown in Table2., two-dimensional schematic of a conventional solar still is displayed [124]. The height of the walls on the left and right sides of the device are 0.1 m and 0.48 m, respectively, and the length of the bottom wall of the unit is 0. 98 m. Since environmental conditions are constantly changing, the values ​​of temperature and mass fraction of the bottom and upper walls are also constantly changing throughout the day. The magnetic field was applied by a solenoid. To further explain these devices, unlike electromagnetic solenoids, permanent magnet solenoids are rather unusual focusing elements in particle accelerators [125]. However, as mentioned before, the present study has used a special magnet to induce a magnetic field based on the research of Soltanipour [126].
 
ASSUMPTIONS AND GOVERNING EQUATIONS
The production of magnetized oxygen is a linear function of the intensity of the applied magnetic field [122]. 
[120] (1)
Where
 (2)




Furthermore T, 𝑚𝑖, and 𝑠𝑖 represent the temperature, the molar mass of the "i-th" component in the mixture, and the total angular momentum of the electron spin, respectively [127].
[image: ]
Fig. 14. Schematic of a solenoid [124].
Considering a vertical multilayer solenoid as shown in Fig. 14, the intensity of magnetic field can be approximately determined as follows:
 (3)
Where, N and  represent the number of turns of the solenoid and the electric current, respectively. Also,  and c are the geometrical parameters defined as follows:
 (4)
 (5)
[bookmark: _Hlk108095336][bookmark: Boundary_conditions][bookmark: Numerical_procedure][bookmark: Grid_independent_study][bookmark: Validation]The geometry proportions of the solenoid applied in this research are indicated in Table. 3.
Table 3. Geometric dimensions of the solenoid [120].
	Rm
	Ri
	b
	A
	Yc
	Xc

	80 mm
	30 mm
	200 mm
	100 mm
	0
	0.15, 0.49, and 0.83



To better understand the concept of magnetic field, it is necessary to briefly illustrate the Hartmann number, which represents a dimensionless number used as the ratio of the electromagnetic force to the viscous force. This quantity, denoted by the symbol, was first defined by Hartmann. 
 (6)


 (7)

 (8)


The governing equations when applying a magnetic field are as follows:
 (9)
 (10)
 (11)
 (12)
The classical methods of Eq. (13-15) are used to calculate the density, the product of density and specific heat capacity, and the coefficient of thermal expansion.
 (13)
 (14)
 (15)
The models presented by Corsione are used to determine the thermal conductivity and the coefficient of viscosity. According to this model, the thermal conductivity of a nanofluid is given as the coefficient of thermal conductivity of the base fluid in Eq. (16), where  is the freezing point temperature of the base fluid.
 The viscosity coefficient of the nanofluid to the viscosity coefficient of the base fluid is obtained from the Eq. (19).  which is obtained according to the Corsione model.
 (16)
 (17)
 (18)
 (19)
 (20)
To calculate the electrical conductivity of nanofluids, the equation provided by Ganguly is used, as given in Equation (21).
 (21)
Recently, the Hartmann number has attracted the attention of researchers. For example, Kharati and Jelodari investigated suitable methods to increase the convection heat transfer rate of a mixture under the conditions of applying a magnetic field. Through a special experiment, it was found that when the Richardson number had a certain value, increasing the concentration of nanoparticles in two Hartmann numbers increased the heat transfer [124]. Due to the application of the magnetic field, the equations used for the numerical solution were taken from the provided references.
VALIDATION 
The equations of the assumed problem with known boundary conditions can be solved by the finite volume method. The fluxes related to the convective and diffusive flow are discretized using the second-order updraft method and the central difference. The SIMPLE algorithm is used for the pressure-velocity coupling. A system related to discretized equations can be solved using an iterative method. When all residuals fall below 10−6, the iteration is terminated (Fig. 15) [124].   
[image: ]                            
Fig. 15. Schematic design of the numerical solution process for the assumed problem [124].
Comparison of the water production rate and the mean Nusselt number from the above experiment with the findings of other valid studies confirms the numerical results acquired. Fig. 16 compares the rate of water produced with published results from other valid research data.
[image: ]
Fig. 16. Comparison of the produced water rate with published results from other valid research data [124].
THERMODYNAMIC ANALYSIS
Dubey and Mishra conducted an experiment, in which they placed permanent ferrite ring magnets in the pond water with a cover of galvanized iron sheet upon them to homogenize the magnetic field distribution. They performed a thermo-exergetic evaluation of a two-slope solar distiller improved by a ferrite ring magnet and a galvanized sheet [129]. In a recently published article on the thermodynamic evaluation of unilaterally inclined solar distillers using graphite plates and block magnets, carried out in different climates and seasons, relatively complete results were obtained. With the results of such studies on the magnetic effect have improved the desalination efficiency.  The evaluation of energy and exergy was carried out in a solar still with a single-slope improved with block magnets and graphite plates in India during summer and winter [130]. The energy analysis is performed based on some assumptions [131].
Almost no slope is considered for the glass cover.
The depth of the salt water is considered constant.
The glass cover and insulation are assumed to have no specific heat capacity.
The assumed model is considered under quasi-static conditions.
Potential, chemical, and kinetic effects are neglected. 
The salt water is considered at a constant temperature.
The vapor exits from the solar still is zero.
The overall heat transfer changes linearly with temperature.
The glass cover and the salt water have constant physical thermal properties.
Table 2. illustrates the schematic views of CSS and GPBMSS. The material of the solar still is galvanized sheet metal. In addition to the 20 graphite plates and 16 block magnets located in the basin, black paint was used for the device in order to better absorption of the heat during peak solar hours. There is a 3-mm thick glass cover on the top of the solar still. The angle of the solar still is constantly about 12°. In addition, tight sealing of the still with silicone rubbers prevents vapor loss to the environment. Ideally, graphite plates and block magnets are placed in the basin to direct the magnetic fields and create a heat transfer flow in the form of steady state, not only helping to heat and magnetize the salt water but also increasing solar radiation and serve as an ideal heat storage material. The basin energy balance, the saline water energy balance, overall heat transfer coefficient, all equations related to the heat transfer coefficients in forms of convective, radiative, and evaporative, and the convective and radiative heat transfer coefficients between the glass cover and the sky can be driven from the Elango article, thermal models of solar still [132].
 (22)
The block magnets exergy destruction is:
 (23)
The effect of exergy destruction in the pond with the help of graphite plates and block magnets is:
 (24)
Exergy destruction effect in untreated water is:
 (25)
The results obtained with this solar water desalination device were compared with those obtained from a normal solar water desalination device under similar weather conditions. The comparison demonstrated that the hourly efficiency of this type of solar distillers was better than the conventional ones on summer and winter days. Also, the efficiency of this type of equipment was higher hourly compared to normal solar stills in summer and winter. Furthermore, the ability to store heat through graphite plates, along with magnetized water, greatly reduced exergy destruction in this type of solar still. Moreover, the use of these graphite plates and block magnets in the desalination pond has raised the temperature of the system to an acceptable level. The improvements in water temperature in GPBMSS can be attributed to the ability to maintain heat in the graphite plates and also block magnets placed in the solar still basin [130].  
Another article discussed below investigated applying different media as energy storage material to achieve higher efficiency in the solar still, focusing on the efficiency of the solar-powered desalination system using magnetic powder to store the energy*. In the mentioned test plan, black iron oxide weighing 0.1 kg was poured into the tank of MPSS in the form of magnetic powder, and the rate of water production from solar water desalination increased. Table2. indicates the demonstration plans for MPSS and CSS, considering the same dimensions for both the modified solar distiller and the CSS.
The solar desalination was made in the form of a single slope of galvanized iron, the area of ​​the basin was 0.5 m2 and had a thickness of 0.004 meters. A 0.025 m thickness glass wool was utilized as insulation. The glass had a thickness of 0.005 meters and a slope of 15 degrees that closed the upper part of the wall. Silicone sealant was used to prevent the escape of steam. In addition, the pool of solar desalination was black stained to enhance the absorption of solar radiation. The assumed tests were performed with the enhanced and normal solar desalination on different days in order to achieve more reliable results. Fig. 17 shows the experiment with these magnetic powders and the modified solar still. This modification of the device lead to the more evaporation rate and thus increased the efficiency of the device [133].
[image: ]
Fig. 17. Magnetic powder of iron oxide and modified solar still [133].
For the exergy and environmental analysis, the experiments were conducted in India, employing some principles as the exergy performance of a device that was evaluated to quantifiably determine the amount of energy that losses in solar-powered desalination system. To achieve higher efficiency, the next step was to consider the economic factor of exergy in the design of solar desalination using exergy analysis.
 PERFORMANCE EVALUATION OF SOLAR STILLS AFTER MAGNETIC FIELD APPLICATION
Finally, reference is made to the research work of Mehdi Zadeh et al. [124] to summarize and discuss the impact of magnetic field on increasing the efficiency of solar still. This study examined the effect of the magnetic field application through the solenoid on the heat and mass transfer factors in this solar still. The governing equations of the problem are solved using the finite volume approach. The force of the Kelvin body is exerted on the humid air due to the generated magnetic field and affects factors such as the mass velocity and heat transfer. The solution of the assumed problem is carried out at 5 different times to understand the problem better, indicating that the flow pattern does not depend on time in a CSS.  
[bookmark: _Hlk134606001]The flow is separated at a point near the center of the bottom wall due to buoyancy, which creates two large counter-rotating vortices, with the vortex on the right rotating clockwise and the other vortex rotating counterclockwise. In addition, small vortices can be seen near the vertical walls. Fig. 18 and Fig. 19 indicate the lines related to temperature and concentration. Thermal and mass boundary layers can be noticed along the bottom and top walls in Fig. 19. In addition, the boundary layer changes and forms thermal and mass columns. When the location of the magnetic field is changed and the intensity of the magnetic field is not constant, its effect on factors such as temperature and concentration fields can be examined, the main results of which are given below.
The rate of water production and heat transfer in the CSS varies throughout the day due to changes in local conditions. Two main vortices are produced by the buoyancy forces, while other vortices are produced by the application of the magnetic field. Fig. 18 and 19 indicate the flow lines and the contours in terms of temperature and concentration at different times.
[bookmark: _Hlk109380785][image: ]
[bookmark: _Hlk131416105]Fig. 18. Streamlines at different times [124]. 

[bookmark: _Hlk134606099]It is clear that the water efficiency and the speed of the heat transfer process in the form of convection are variables that depend on the intensity of the magnetic field and the passage of time. It is important to place the source of the magnetic field near the right vertical wall in order to achieve more water output in the device [124]. Fig. 20 shows the results of the presence of the magnetic field and compares them with the situation without the magnetic field. and Fig. 21exhibits the Nusselt number as a function of time at different NI values and different solenoid positions.
[image: ]
Fig. 19. Temperature and Concentration Contour at different time intervals[124].   
[image: ][image: ]
[bookmark: _Hlk108286843]Fig. 20. Water production rate as a function of time for different NI values(a) and different positions of solenoid(b) [124].
[image: ][image: ]
[bookmark: _Hlk108286788]Fig. 21. Nusselt number as a function of time for different quantities at different NI values(a)and for different positions of solenoid [124].        

Considering NI =  and  = 0.83 m in the applied magnetic field, the water productivity and heat transfer rate for cases 1-5 increased in the range of 38 to 48 percent. Fig. 22 displays hypothetical flux lines and contours representing the concentration as a function of the position of solenoid corresponding to the permeable content.
[image: ]
Fig. 22. Hypothetical flow lines and contours showing concentration as a function of solenoid location [124].
ULTRASONIC EFFECT ON SOLAR DESALINATION
MATERIALS AND PROCEDURES
The term ultrasound refers to sound waves with a frequency higher than the highest range of human hearing, which is approximately 16-20 kHz [134]. Ultrasonic effect is one of the approaches to treat water and wastewater in modern oxidation methods [135]. The main fluid responsible for heat transfer in heating and refrigeration systems is water. Depending on the reactions, the deposits accumulate on the walls of pipes and other equipment, and the layers increase over time, reducing heat transfer and efficiency. More energy is wasted in heating systems because more time and fuel are required to heat the fluid due to sedimentation. One of the methods used to deal with sediment is the use of radio waves, which reduce the tendency of water deposition by changing water-soluble substances through magnetic and electric fields [136]. Thus, the effect of waves on the lack of sedimentation can be reversed to some extent. In a study conducted by Khan Mohammadi, a review of the operation of the device, improved by the use of an ultrasonic unit and a metal mesh, showed that the atomized droplets were quickly evaporated with the help of the ultrasonic waves when the solar radiation intensity and the environment temperature increased. This method improved the efficiency and production of fresh water in a system created by an ultrasonic network and metal mesh compared to the conventional system [137]. The test was conducted with an upgraded solar water desalination system using a high-frequency evaporator system and packets of phase change material by a high-frequency ultrasonic evaporator, which increased the water output of the modified solar still in comparison to the normal. Economic analysis has shown that such solar stills with ultrasonic evaporator are reliable in remote regions. Some researches on ultrasonic effect on solar desalination have been carried out experimentally that are mentioned in Table. 4. It exhibits the normal solar still and upgraded solar still [138], indicating the main test system, which consists of a normal solar still, a solar water heater unit, PCM energy storage packages, a high- frequency ultrasonic evaporator, a PV system, a water-feeding tank, a water-holding tank, a water pump, and a test unit.
Table 4. Investigation on ultrasonic effect on solar desalination
	Researcher
	System
	Method

	Akram H. Abed [138] (2021)
	[image: ]
	Experimental study.
Water productivity rise achieved by using an external solar water heater and high-frequency ultrasonic vaporizer was roughly 415%.

	Ali I. Shehata, et al. [139] (2021)
	[image: ]
	Experimental study.
A humidifier with ultrasonic mechanism enhanced the daily yield by 9.3% at 0.24And 14.6% at maximum rate of air mass flow 0.46 

	Naseer T. Alwan[142] (2021)
	[image: ]
	
Experimental study.
Findings showed that the modified solar still produces more daily yield in comparison to normal ones, SSS thermal efficiency raised 1.1 times (110%) compared to CSS at 4:00 pm.

	Alwan, N.T., et al. [144] (2022)
	[image: ]
	Experimental study.
Water output of the modified solar still experienced 124% rise when compared to the ordinary one, and as the best record, thermal efficiency reached 95.8% and 35.6% for modified and traditional solar stills, respectively which was noticed at 2:00 p.m

	Gamal.B. Abdelaziz, et al. [143] (2022)
	[image: ]
	Experimental study
The daily yield peaked at 7.72 kg\day, with improved system efficiency by 33.84 %. The cost was estimated 0.03437 per liter.




Before turning to the main topic, a brief description about PCM is given. Phase change materials can absorb, release, and retain heat about 14 times more than other materials, making them desirable for use in solar thermal storage systems. A lower operating temperature can be achieved with a low melting temperature. However, these materials have a high melting temperature and a long heating time. There are 2 categories of phase change materials: organic materials that contain hydrocarbons, paraffin and wax and inorganic materials that include molten salts and minerals. The melting point of the compounds is up to approximately 60ͦ C, which makes their use desirable at temperatures below 100 ͦ C, while mineral compounds with a high melting point between 130 and 1250 ͦ C are suitable for high temperatures. Fig. 23 shows schematically the classification of these materials.
[bookmark: _Hlk134606202]In this experiment, four high-frequency ultrasonic evaporator modules were applied to produce ultrafine water droplets from the source water. The modules consisted of a driver board, a circular ring evaporator plate, and piezoelectric transducers immersed in the water basin, which uses high-frequency vibrations. In addition, in order to more protection and corrosion prevention, the evaporator plate surface is covered with a fine oxidation-resistant silver layer. When the surface of water is exposed to high-frequency unstable oscillations, ultrafine water droplets or mist are formed by rupturing the peaks of the capillary waves and separating the droplets from the water surface. The size of the water droplets produced depends on the capillary wavelength, which decreases with increasing the ultrasound frequency; therefore, ultrafine water droplets is the product of higher frequencies. The solar still is oriented to benefit from maximum solar radiation during sunny hours. Experimental studies are conducted in four cases to evaluate the water productivity improvement. Finally, with improving the heat transfer processes, i.e., evaporation, convection, and radiation inside the still, the productivity of the still elevated. Fig. 24 and Fig. 25 show how the temperature and solar radiation vary hourly in conventional and modified stills with PCM cylindrical capsules and an ultrasonic evaporator.

Fig. 23. Classification of PCMs [26].
The comparison of the graphs confirms the results of the presence of ultrasound and the increase in the efficiency rate.
[bookmark: _Hlk108361747][image: ][image: ]
Fig. 24. Hourly changes in temperature and solar radiation for a typical solar still (a) and an upgraded solar water desalination system with PCM cylindrical packets(b) [138].

[image: ][image: ]
[bookmark: _Hlk109380656]Fig. 25. Hourly changes in temperature and solar radiation for a retrofitted solar water desalination system with PCM cylindrical packets and solar water heater(a), and ultrasonic evaporator(b) [138].
SALT REMOVAL USING ULTRASOUND
Shehata et al. conducted experimental research on solar desalination systems with the dehumidification-humidification process. In this procedure, air is heated in two successive stages. The first stage is achieved with a heated water spray from the evacuated solar collector, while an ultrasonic technique is used in the subsequent stage to achieve a highly efficient humidification rate. Their results revealed that the ultrasonic humidifier increases the daily yield [139]. Table4. presents a schematic view of the experimental setup for water desalination in this experiment. 
The heat exchanger with two tubes was designed and built in a laboratory and used to simulate the thermal desalination process. Fig. 26 shows a schematic diagram of a cell in which ultrasonic flow is used for crystallization experiments. In this experiment, the rate of heat transfer increase was assumed to be correct [140].
[image: ]
Fig. 26. Schematic representation of a cell in which ultrasonic flow is used for crystallization experiments [140].
Dumka reviewed the exergy, energy, and economic considerations of a conventional solar still with a single slope upgraded with an ultrasonic misting system and a cotton cloth. This article follows research results, indicating that a more economical and efficient system can be achieved by minimizing excessive misting during low radiation hours [141].
In another study, Alwan organized a test to address the issues related to low solar water desalination efficiency and excessive misting by ultrasonic humidifiers during low solar radiation hours. Solar water desalination was enhanced using ultrasonic humidifiers inside the system pond and covered with a cotton cloth, subsequently increasing evaporation without trigger misting as less space was taken up [142]. Abdelaziz et al. evaluated a solar desalination device based on the hybrid humidification/dehumidification method using a hot air flow and steam condensation cycle that contributed as the condensation unit. The presence of a high-frequency ultrasonic atomizer (HFUA), which acted as a humidifier, accelerated the achievement of 100% relative humidity. Findings revealed that increasing the number of atomizers and lowering the water height resulted in more daily distillation rate [143]. 
 In another experimental work, Alwan et al. placed the ultrasonic humidifiers inside the cotton mesh tent and in the basin of the device. They installed a cooling chamber with thermoelectric elements placed on the solar water desalination to check positive effects on the evaporation and condensation process in the upgraded system. The comparison of the results revealed that this method resulted in 124% increase in efficiency of the improved system compared to the normal type. The highest thermal efficiency took place at 14:00, indicating values of 95.8% and 35.6% for the upgraded and normal devices, respectively [144]. Another research paper was published on the use of ultrasonic pretreatment to remove salts, which increased heat transfer in the thermal desalination process. Desalination concentrates and precipitation of poorly soluble salts were used to prevent the formation of sediment on the different surfaces of heat transfer system. In a recent experimental study investigating the effect of seawater pretreatment, the increase of desalination without sediment formation and the heat transfer improvement were discussed. It is important to mention that amplitude is the most critical factor in cavitation effect, indicating the intensity of sound waves produced by the ultrasonic device. The larger the amplitude, the greater power transferred to the medium and the more cavitation events occur in the fluid space [145]. Sound cavitation can improve the rate of nucleation in salt crystallization from seawater.
CONCLUSIONS
With the increase in global population, clean water demand increases as well. Therefore, increasing number of solar desalination plants are being developed worldwide. Countries located in the hot and sunny climate such as Iran can benefits from the solar radiation in order to overcome the drinking water shortage.
In this review the effects of a magnetic field and an ultrasonic phenomenon on a solar desalination device were investigated simultaneously.
The followings results are obtained via a review of available articles about the effect of magnetic field using fixed magnet or solenoid and also ultrasound on solar water desalination.
The efficiency of these solar stills, which use a magnetic field, is better than conventional ones because the absolute viscosity is higher when exposed to the magnetic field than when there is no magnetic field.
The productivity of the pond, which is an upgrade of the ordinary type, is improved in comparison to the stills without magnetic field treatment.
When the magnetic field is used, the quality of purified water is better than the other methods.
The magnetic effect also increased the water output and heat transfer in the water distiller system.
The system efficiency and the increase in convective heat transfer are time-dependent and vary according to the intensity of the magnetic field.
When using nanoparticles, the application of a magnetic field leads to the accumulation of nanoparticles on the surface of the object, higher concentration of local particles, and greater local thermal conductivity.
The accumulation of nanoparticles on the surface of the object causes distortion in the fluid flow, reduction in the thermal boundary layer, and increases the local convective form of the heat transfer.
The maximum energy and exergy efficiencies are higher than other systems without magnetic field treatment.
The use of the ultrasonic phenomenon improves still productivity.
The use of ultrasonic waves affects thermal performance significantly.
All the above factors improve the efficiency of the system.
CURRENT CHALLENGES AND SCOPE FOR FUTURE STUDIES
Nanoparticles are released into the environment through the desalination cleaning process, resulting in considerable environmental consequences and higher maintenance costs. Mechanical separation processes, such as centrifugation or filtration, are very costly and energy-intensive. However, the use of magnetically incorporated nanoparticles (such as Fe2O3-MWCNTs) with superparamagnetic properties leads to rapid separation by an external magnetic field. In this regard, organic and biogenic colloids, such as agricultural residues and wastes, are excellent alternatives to inorganic and metallic nanoparticles due to their biodegradability and environmental compatibility. Another consideration is the reusability of nanoparticles, as the direct contact of nanoparticles with salt water could result in self-corrosion. In addition, salinity adversely affects the heat-conductivity as well as nanoparticles stability. In addition, the ability of nanoparticles to agglomerate increases significantly at high temperatures due to their high surface reactivity. Therefore, the simultaneous use of magnetic nanoparticles with magnetic field exposure along with ultrasonic waves can be a potential solution that needs more detail investigations. The use of ultrasonic waves can break the lumps and particles and thus increase the stability of the suspension, which will result in better dispersion of nanoparticles. Therefore, reducing the size of the particles improves the heat transfer coefficient and it means that the mentioned process would be cost-effective. Considering that many studies have been conducted on using nanofluids in solar water desalination, numerical tools such as neural networks or machine learning should be used to predict and summarize the results of nanomaterials. Multicriteria optimization using magnetic nanoparticles, magnetic fields, ultrasonic waves, porous media, and geometric parameters to achieve maximum water production with minimum space occupation may also be an interesting topic for future research.
 The following intact methods also worth to try in order to improve CSS productivity:
-Numerical modeling of humid air within the solar stills and the effect of it on the solar distiller water output. 
-Examining the variable magnetic field and investigating how it acts on the hybrid NPCM and also on final CSS efficiency.
-Evaluating the impact of ultrasonic waves on the hybrid NPCM behavior and CSS water production.	
-Investigating that how nanoparticles on the inner surface of the glass and spraying them on the glass can facilitate the distillation process and droplets slippage on the glass. 

Fig. 27. Challenges and Scopes for future studies 
ECONOMIC AND UNCERTAINTY ANALYSIS 
Uncertainty analysis helps to determine the errors in the evaluated quantities derived from the measurements [146]. Different variables in measurements like calibration, recording, monitoring, etc. lead to uncertainty. Variables like Ambient air temperatures, air velocity and sun radiation are considered for calculating in the experiments. Different reasons can occur for experimental errors and they could be of different origins and nature, random errors, fixed errors, etc. Experiment errors, can result in uncertainty in .  (i=1 to n) are uncertainties in the independent variable and D is the dependent variable, where X (i=1 to n) is the independent variable. Accordingly, uncertainty is determined by Eq. (26).[147]
 (26)
Regarding the basic parameters of the experiment, the formula can be expanded to check the uncertainty analysis in solar stills, too.
[bookmark: _Hlk142655521]Solar energy is the most reliable and sustainable source of renewable and clean energy [148]. In the desalination process of saline water, solar distillation systems could be economically feasible [149]. Ranjan and Kaushika, have done this approach with an equivalent cost of environmental degradation and high-grade energy savings. They mentioned that the unit cost of saline water desalination decreases from estimated value of 0.034 US$/L to 0.024 US$/L using the upgraded model. Mohd Saberi et al. in a new experiment used partially coated condensing cover with thermoelectric cover cooling for solar stills. They reported that the lowest cost per liter was found to be $0.036 with a thermoelectric cooling power of 36 W. The highest exergo-economic and enviro-economic values were 4.64 kWh/$ and $83.21 respectively [150].  
LIMITATIONS OF SUCH STUDIES AND SUGGESTIONS FOR THE FUTURE DIRECTION OF RESEARCHES
Depending upon the efficiency, cost and durability of any products, the demand of them would be increased [151].
 Similarly, solar still also depends upon these parameters. 
Human errors, instruments and devices errors make the accuracy of the results not very high.
Sunlight only in two seasons is suitable and in other seasons the use of these devices in hot and tropical areas is justifiable.
The direction of the sun's radiation may be not suitable throughout the experiment and changing the device direction is necessary.
Producing nanofluids and experimental equipment, makes testing economically challenging.
Water that has been tested with nanoparticles or has been exposed to ultrasonics is not suitable for drinking.
After mentioning the experiment's limitations, the author's suggestions for future work are given below:
Placing the nanofluid in separate tanks in solar still water and exposing it to a fixed or electric magnet and performing tests.
Simultaneous use of PCM and ultrasound to investigate the effect of these two parameters on solar desalination efficiency.
Using solenoids with different heights in future work and investigating the effect of such variable on the device efficiency.   
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