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Abstract— To evaluate the performance of solar still, it is very important to know about the energy balance and heat transfer. Heat 

transfer phenomena occur inside the still through three variable modes convection, evaporation, and radiation. As the temperature of 

water increases, the evaporation rate also increases. Therefore, many modifications have been done to increase the evaporation rate of 

basin water by the researchers, such as using nanoparticles, photovoltaic module, flat plate collector, heat exchangers, and phase change 

materials etc. The heat and mass transfer study on different parts of SS along with energy balance is presented in the paper. The reader 

will get information about the quantity of heat absorbed and the heat released inside the basin. Modification made on SS to increase 

productivity in the last 4-5 years has also been presented. The study found that the productivity of modified solar still gives 53.95% higher 

than the conventional solar still after adding external devices and energy storage materials.   
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I. INTRODUCTION 

Water is a necessary component for the animal and humans 

life. 71% of the Earth is covered with water. 1.6 % of the 

water is available as underground water and 0.001% is in the 

form of vapor and clouds. Out of 97% is in the seas and 

oceans, which is salty and cannot be used for drinking [1]. 

Only 3% of water is drinkable, of which 2.4 % is placed in 

glaciers and the North and South Pole and only 0.6 percent is 

in rivers, lakes and ponds that can be used, so it is required to 

such a device which converts the saline water in portable 

water. With the increasing population, the demand for fresh 

water is also increasing.  

Requirements of fossil fuels are rapidly increasing in 

present time; due to this the environment is becoming 

polluted. In this situation, it is necessary to use a device that 

reduce the damage to the environment; this will only happen 

if we work more on a renewable energy based devices. That 

is, such devices should be made which operate with 

renewable energy. SS is a device that operates by the solar 

radiation. Researchers are constantly making such devices 

which are entirely dependent on renewable energy. SS has 

been used to convert salt and impure water into potable water. 

But due to the population growth, demand of clean water is 

increasing, but the productivity rate of SS is very low, so it is 

not used on a large scale. Therefore, several methods are 

constantly being used by researchers to enhance the yield of 

SSs, and many experiments are being done to understand its 

heat and mass transfer. To increase the productivity of SS it is 

very important to understand the heat transfer analysis. 

Because by heat transfer, it can be known that how much 

energy is absorb and release from different part of SS. 

Energy, exergy and heat transfer of SS have been intensively 

studied by many researchers, as well as various types of 

modification have been made which can increase the 

productivity of SSs. 

A comprehensive review was prepared by Panchal and 

Mohan [2], they studied the effect of fins, heat storage 

material and multi-basin, on the distillate yield of SS. Kabeel 

et al. [3] describes the various heat exchange mechanisms 

adopted by the researchers on different modified SSs. 

External and internal reflectors have been used by Tanaka [4] 

to increase the productivity of SSs, as well as study the heat 

transfer of modified SS. An Experimental study was done by 

Raju and Narayan [5], in which they have added different 

number of flat plate collector (FPC) to simple SS. They found 

that when single FPC was added to the setup, its distilled 

efficiency was 6.82% and when two FPCs were added to the 

setup, the distilled efficiency was 7.29%.  

P. Pounraj at al. [6] developed a peltier based hybrid active 

solar still with PV/T system is attached. Their efficiency is 

30% higher than the convention solar still and produce 6.5 

times more water than conventional SS. Solar still acts in the 

presence of the sun, but solar steel can be used at night to 

increase productivity. Researchers have obtained water 

through Solar Still at the night time by using of PCM in Solar 

Still. In this way, day & night continuous use of solar steel 

can increase the daily productivity. M.shalaby et al. [7] Using 

PCM in single basin solar still and attached v-corrugate on 

the basin liner.  The paraffin wax is filled inside the 

v-corrugate, which works as an absorber; the water 

productivity was 72.7% increased at night in compared to 

conventional solar still. Dyes [8] and charcoal pieces [9] are 

placed inside the basin, So that the absorbing capacity of the 

basin could increase and the amount of solar radiation can be 

absorbed in excess quantity. By increasing the absorption 

capacity of basin surfaces, it absorbs extra energy during the 

cloudy weather and night time; this will increase water 
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productivity, In this way different types of wick, PCM and 

various types of energy-storing materials have been used in 

the basin [10-14].  Nano fluids use in solar still [15-16], when 

graphite and copper oxide Nano-particles are used in the solar 

still it enhance the water productivity of 53.95% and 44.93% 

than the conventional SS respectively [17]. For increasing the 

performance of solar still, different water preheating process 

are used by the researchers like external solar collector [18] 

and solar pond [19-22]. The inclined external reflector 

enhanced the productivity of the SS by approximately 16% 

larger than that with the vertical external reflector [23]. For 

increasing the radiation incident on the solar still Deniz. [24] 

Study an experimental work on the inclination and tilt angle 

of the glass and consider various parameters for increase the 

productivity, like angle of the glass cover, cooling system of 

the glass surface and distance between the glass cover and 

water surface. 

A separate condenser chamber and nanoparticles was used 

by Kabeel et al. [25] to increase the thermal conductivity and 

evaporation rate of the basin water. Productivity increased by 

53.2% when an external condenser was added to the setup 

and productivity increased by 116% when the nanoparticle 

was added to the basin water of the condenser-based setup. 

Refalo et al. [26] has studied the effect on the productivity of 

SS due to solar chimneys and condensers and it was found 

that when the chimney was added to the SS, the setup 

produced 5.1 liters/m
2
 of distilled water in a day and when the 

external condenser was added to the setup, the productivity of 

setup was 4.7 liters/m
2
 in single day. Dwivedi and Tiwari 

[27] compared performance in double-slope active and 

passive SSs, in which they found that active double-slope SS 

had higher exergy efficiency and lower energy efficiency. A 

rectangular sponge of rubber was used by the Rashidi et al. 

[28] and studied the exergy analysis. Modified SS achieved 

17.35% higher distillate as compared to conventional SS. 

Paper presents the heat and mass transfer study on different 

parts of modified SS with the help of energy balance. 

II. HEAT AND MASS TRANSFER IN SS 

Thermal analysis of different components of the setup has 

been shown below and also the energy balance on different 

parts of the setup such as condensing cover, saline water, 

basin liner and surrounding of setup is shown. Heat 

transferred through conduction, convection, and radiation, 

from outer surface of the SS, while heat transferred through 

convection, radiation and evaporation within the basin. The 

distilled water production of the setup depends on the 

evaporation rate of basin water from per unit area in a day. 

The distilled output of SS can be managed through energy 

and mass balance of different parts of the setup. 

 

III. ENERGY BALANCE ON DIFFERENT 

COMPONENTS OF SS 

Solar radiation (Is) initially incident on the top of the glass 

cover, where certain radiation is reflected and some radiation 

is absorbed and transfer inside the SS. Heat energy is transfer 

from upper glass surface to the ambient through three modes 

radiation, convection and conduction. The radiation is 

transfer in the SS basin through the condensing cover, after 

that the radiation reached at the basin water, small amount of 

radiation is reflected by the water surface and the rest 

radiation is absorbed by the basin water. Finally, the radiation 

reaches to the basin liner where the maximum radiation is 

absorbed, causing the basin water to warm. Fig. 1 shows the 

heat transfer of different parts of a single slope SS. 

 

 
Fig. 1. A schematic diagram of a single slope SS showing the 

heat transfer of various parts [29] 

 

A. EB on outer glass surface  

Radiation incident on the outer surface of condensing cover 

and transmitted inside the cavity area of SS. Heat is transfer 

from outer glass cover to ambient and inner surface of glass 

cover is received heat energy from the hot basin water in the 

mode of convection, evaporation and radiation [30].  
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Temperature of upper glass cover surface       can be 

calculated through following equation [31] 
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B. EB on inner glass surface 
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Temperature of upper glass cover surface can be calculated 

through following equation [31] [32] 
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C. EB on basin water  
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D. EB on basin liner 
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Temperature of basin water can be calculated through 

following equation: 

    
                         

           
         (8) 

IV. CALCULATION OF HEAT TRANSFER 

COEFFICIENT (HTC) INSIDE THE SS 

HTC inside the setup is occurs through the evaporation, 

radiation and convection modes. The moist air inside the 

basin is composed by the mixture of dry air and water vapor, 

which travels from the water surface to the inner glass 

surface. The mass of dry air travels   ̇   through the natural 

convection mode from the per unit area of the basin and per 

unit time, which can be obtained by following equation. 

 ̇  
     
  

   (        )
               (9) 

Where,  

      
         

  (      )            (10) 

Where,     
   is the convective HTC which can be 

obtained as [33]:  

     
        [       

(      )        

            
]     (11) 

Where, 

   - Vapor pressure on water  

    – Vapor pressure on inner glass,  it can be evaluate by 

following relation: 

      (       
    

      
)           (12)  

       (       
    

       
)          (13)  

The mass flow of the water vapor is from the water surface 

to the dry air, where the vapor meets the dry air and converts 

into a humid air. Mass of water vapor ( ̇  ) travels through 

the evaporation mode from the unit area of the basin and per 

unit time, it can be calculated by following equation. 

 ̇   
   

   
    (14) 

Where Lwg is the latent heat of vapor, it is obtained by 

following equation: 

              [                        ]

                      (15) 
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Temperature of humid air (Thd,a) can be obtained by 

following equation:  

      
(      )

 
               (18) 

Heat transfer fluxes (     
  ) and radiative HTC (     

  ) 

from water surface to inner glass surface can be obtained by 

following equation [33] [35]: 

Heat transfer fluxes:  

     
         

  (      )           (19) 

Radiative HTC: 

     
           (             (   
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Where        is the effective emissivity, it can be obtained 

by following equations: 

     (
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            (21)  

 

The total HTC inside the SS    ) can be extracted through the 

following operations: 

        
        

                (22) 

V. HEAT LOSS FROM THE SS 

The heat losses through the convection and radiation mode 

in the atmosphere from condensing cover of SS and from the 

bottom of the SS between the basin liner and the atmosphere. 

Radiation and convection heat transfer fluxes between the 

glass cover and the atmosphere are written below [36]. 

A. Top heat loss 

Radiation heat transfer fluxes:        (23) 

Where       
    is the radiation HTC, it is obtained by: 

     
   

   *(       )
 
 (        )

 
+

       
      (24) 

                                , 
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Convection heat transfer fluxes: 

     
        

   (       )        (25) 

Where       
    is the convection HTC, it is obtained by: 

     
                       (26) 

Where  

  - Wind velocity 
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B. Bottom heat loss 

In case of SS bottom heat loss is assumed to be negligible, 

as the basin area is covered with insulated material, which 

prevents heat loss. Heat flux from basin area to ambient 

           can be evaluated through following equations: 

               
                   (27) 

Where        
    is the conductive HTC, it is given by: 
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            (28) 

Where             is the insulation thickness and 

insulation thermal conductivity respectively,        is the 

HTC from basin surface area to ambient which can be 

calculate as similar to the Eq.20. 

 

 

Fig. 2. Schematic diagram of external condenser integrated 

SS [37] 

VI. PREVIOUS WORK ON HEAT & MASS 

TRANSFER 

Over the several decades, many researches have been done 

related to heat transfer. Energy analysis of the experimental 

setup has been studied by the many authors and at the same 

time many mathematical modeling has been developed on the 

basis of energy balance. Based on energy balance many 

researches done in the last few years and various new 

modification have been developed in the field of heat transfer 

of SS, which are shown in Table 1. 

 

Table 1: Recent work on SS for heat transfer improvement 

 

 
 

 

Fig.3. FPC added to the single slope SS [5]. 

 

 

Fig.4. (A) PTC integrated to single slope SS, (B) PTC 

integrated to double slope SS [40]. 

 

 

Fig.5. FPC integrated to multistage SS [43]. 
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Fig. 6. Experimental setup of 2 PVT-FPC based hybrid active 

SS [45] 

VII. CONCLUSIONS 

The paper studied about the heat loss and heat absorption 

in different parts of solar still. Mass transfer of basin water 

has also been studied with the help of energy balance. To 

raise the efficiency and distilled output of solar still, it is 

necessary to understand the heat transfer. Various 

modifications have been done by many authors to increase 

the productivity of SSs which are shown in the table 1. Based 

on the present study, some conclusions are given below: 

 External devices are helps to improve the evaporation 

rate and daily productivity of the solar still. 

 Nanoparticles, phase change materials, and Porous 

Absorber material, etc. have been used in water to rise 

the thermal conductivity and evaporation rate of the 

basin water.  

 Heat exchanger, flat plate collector, 

photovoltaic-module and PVT have been used to raise 

the thermal and overall efficiency of the setup. 

 An external condenser has also been added to the setup, 

so that the water vapor can get large surface to be 

condensed, leading to faster distilled water productivity. 

Nomenclature 
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