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 The effect of two main parameters in a solar pond are top layer area and bottom layer 
thickness. These parameters areconsidered and studied under experimental setup of salt 
gradient pond and its significant role in thermal energy storage. Two vessels of different 
radius are used, in order to understand the effect of different top layer area. As the area of 
the top layer and the thickness of the bottom layer in a pond increases, the stored energy 
is also found increasing. 

 
INTRODUCTION 

 
Energy crisis has become a serious issue due to the population explosion and the increased standard of living. 

The supply of oil will fail to meet the increasing population demand. Alternate energy sources have to be utilized in 
order to meet the demands. Thus, Energy storage has become a serious topic in the 21st century. In case of alternate 
energy, solar energy has attractiveness in all parts of the globe, because of its self evidence at the time of energy 
shortage. Solar energy is abundant across the globe for almost the entire year. Harnessing solar energy on a great 
scale is one of the main issues associated with it (Tabor, H., 1981).The existing systems have very low conversion 
efficiencies which is another main issue. And also problem associated with solar energy is that, the thermal energy 
cannot be utilized when needed, i.e., at the time when it is most needed, at night. On understanding this particular 
issue, many research groups invented solar thermal energy storage systems. 

Dr. Rudolph Bloeh, observed the temperature variation in different depths of Dead Sea and found that there is 
a noticeable temperature rise in the lower regions of the lake (Weinberger, H., 1964). Lower region of this lake has 
higher density of salt concentration and it is found that these salt concentrated lakes can store thermal energy and 
can be extracted when needed. This concept gave rise to the invention of salt gradient pond.  

Salt Gradient ponds have existed in nature for very long time, before known as meromictic lakes. A collector 
comprising a horizontal plastic bag filled with water is the “salt gradient pond" or "shallow solar pond" and it has 
the same application theory as that of the Flat-Plate collector (Angeli, C. and E. Leonardi, 2004). 
 
Salt Gradient Pond: 

A solar pond is a pool of salt water which can act as a thermal energy storage system with integral heat storage 
for supplying the energy. The salt water normally forms a vertical salinity gradient in which low salinity water 
floats on top of high salinity water (Sinha, U.K., et al., 2013). 

Figure 1 and 2 explains the schematic diagram of a solar pond. The solar pond consists of mainly 3 layers, 
namely, Upper Conducting zone (Surface Zone), Insulation Zone ,and Lower Conducting zone (Storage Zone ). 
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The salt concentration at the lower conducting zone (LCZ) will be higher than the other two zones. Top layer will 
be of no salt concentration and insulation zone will have less concentration when compared to LCZ (Lu, H., et al., 
2001). Water in middle layer cannot fall because the water is lighter since water below it has high salt content. 
Similarly, water will not rise because the salt content at the top layer is lesser. Due to this, Convective motions are 
blocked and only conduction occurs. Sunlight gets trapped inside the bottom layer with the help of insulating layer 
and this heat can be extracted from the salt gradient pond (Wang, H., et al., 2005). 

Thermal expansion and reduced density occurs when thermal energy is absorbed in the water which results 
temperature increase. Convection current would have been formed if the water is fresh, resulting low density warm 
water to float on the surface .The salinity gradient forms a density gradient that increases with depth, and this 
counteracts the temperature gradient, and it will prevent the heat from LCZ to move to upper layers.  This explains 
that even though, the temperature at the top layer might be very low, the bottom layer will be very hot. 

 

 
 

Fig. 1: Schematic Diagram of Solar Pond 
 
The top layer will be little hot and the bottom layer, where the thermal energy will be stored hottest. The 

thermal energy from the bottom layer can then be extracted using different methods, like heat exchangers. Using 
low boiling point solvents, this heat energy can be made utilized to run small engines, thus, the required work can 
be done.  

 
Fig. 2: Schematic diagram of different zones 

 
Rural areas in the developing countries can make use of this system and the stored heat energy can be made for 

particular application (Bozkurt, I., et al., 2014). Even in the western countries, for the space heating applications, 
this stored energy can be made use of. Very large area collectors can be set up for just the cost of the clay or plastic 
pond liner. 

Experiments have revealed that different salts can store thermal energy differently. But the cost and 
availability of the particular salts should also be taken care. Also the different materials of top cover are also varied 
and this is another parameter which varies the thermal energy stored in the salt gradient pond.  

The effect of using different areas of vessel, or on increasing the top layer area is a yet to be explored area. If 
the study and optimization of these parameters can be varied, the low efficient salt gradient ponds can be further 
used for large scale applications. The low efficiency related to the thermal energy storage can be fixed on analyzing 
the effect of top layer (Seyed Saeed Madani, 2014). 

Bottom layer is the most important part in the salt gradient pond. The studies on the effective thickness of 
bottom layer will further help in increasing the thermal energy storage. On combining all these parameters and 
optimized results, the low conversion efficiency issue related with the thermal energy storage systems can be easily 
solved (Aizaz, A., Dr.R. Yousaf, 2013). 
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This study on small prototypes can be easily extended to larger scale and the effective optimization of the 
results will make a boom in the thermal energy storage system. This can be further extended by varying each layer 
thickness and can easily contribute to the thermal energy storage applications.  
 
Experimental Setup Of Salt Gradient Pond: 

To conduct the experiment, two vessels are selected. One vessel is with a less top layer area and the other with 
a higher top layer area, i.e., vessel with diameters 6 cm and 15 cm respectively. The experimental setup for vessels 
are shown in Figure 3 and Figure 4.And both the vessels are tested at same condition. 

Both of the prototypes are painted black on their entire surface, in order to absorb the maximum heat radiation. 
And also the exposed surfaces to atmosphere are insulated with thermocol to prevent radiation losses through the 
sides. Each layers of the prototype is separated by a 100 µm thick Surlyn film. And on top of the vessel, a 
transparent sheet is fixed, in order to enhance the green house effect, by trapping the heat radiations inside. This 
enhanced the heating of the prototype.  

Sodium Chloride (NaCl) is used as the salt (Aizaz, A., Dr.R. Yousaf, 2013), because of it’s readily availability 
and less cost. Purified water is used to create the layers. The experimental setup is shown in Figure 3.  

To both the vessels, same concentration and same thickness layer are introduced and at regular intervals, 
temperature at the bottom layer is measured without disturbing the layers. The readings are taken at regular 
intervals for both the vessels (Sifuna, D.B., et al., 2014). 

To understand the effect of variation in bottom layer thickness of solar pond, the vessel with the higher top 
layer area is taken and the bottom layer thickness is varied by adding different volumes of solvent. The added 
solvent is increased and the new bottom layer had a thickness of 15 cm/500 ml. 

The test is carried out at Ettimadai, Coimbatore, TamilNadu. The annual solar irradiation is 4 kWh/m2/day. 
The test is carried under clear sky, and at particular intervals the irradiations are measured (Dincer, I., M.A. Rosen., 
2003). 

 

 
 

Fig. 3: Experimental Test Setup with transparent cover (Vessel With 15 cm radius) 
 

 
Fig. 4: Experimental Test Setup (Vessel With 6 cm radius) 
 

RESULTS AND DISCUSSIONS 
 

The temperature storage at the bottom layer of a solar pond prototype is analyzed. 
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Two trails are made to understand the effect of temperature stored in the bottom layer. Firstly, two prototype 
vessels of different radius are tested and tabulated in Table 1 and Table 2. The comparison of thermal energy stored 
in bottom layer of the salt gradient pond with different radius of the vessel is tabulated in Table 3. 

 
Table 1: Bottom layer temperature variation of Vessel with     6 cm radius 

Duration (min) Content of Bottom layer Temperature of 
Bottom Layer (0C) Water(ml) Salt (gm) 

15 250 125 38 
30 250 125 40 
45 250 125 42 
60 250 125 45 

 
Table 2: Bottom layer temperature variation of Vessel with 15cm radius 

Duration (min) Content of Bottom layer Temperature of 
Bottom Layer (0C) Water(ml) Salt (gm) 

15 250 125 46 
30 250 125 54 
45 250 125 58 
60 250 125 60 

 
Table 3: Comparison table of temperature storage on different vessel 

Duration (min) Temperature of Bottom layer (0C) 

6 cm Radius 15 cm Radius 
15 38 46 

30 40 54 

45 42 58 

60 45 60 

 
On observing the Table 3, it infers that more the vessel area more heat is absorbed at the bottom layer of the 

vessel. Secondly, thickness of the bottom layer from 250ml (8cm) is raised to 500ml (15cm) of water alone of the 
15 cm radius vessel is increased as highlighted in Table 4 and Table 5 and the temperature is measured accordingly.  

 
Table 4: Bottom layer Thickness variation 

Duration (min) Content of Bottom layer Temperature of 
Bottom Layer (0C) Water(ml) Salt (gm) 

15 500 125 56 
30 500 125 62 
45 500 125 64 
60 500 125 67 

 
On increasing the bottom layer thickness of higher radius vessel, absorbed temperature increases. 
Therefore, the comparison plots of varying vessel radius and thickness variation w.r.t to temperature are 

plotted in Figure 5 and Figure 6. 

 
Fig. 5: Comparison of bottom layer Temperature with 6 cm and 15 cm vessel 
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Fig. 6: Comparison of bottom layer Temperature with 8 cm and 15 cm bottom layer thickness 

 
The thermal energy stored is found to be increasing in case of the solar pond with higher bottom thickness.  
It is also understood that, the transparent sheet on top of the vessel enhanced the temperature stored .This 

happened because of trapping the heat radiation inside, which is a result of the greenhouse effect (Tabor, H. and R. 
Matz, 1965). 
 
Conclusion: 

The effect of two main parameters in a salt gradient pond which is experimentally set up is tested under 
widening radius and bottom layer thickness. The variations of temperature are analyzed. The thermal energy 
storage is found to be increasing under varying conditions of the salt gradient pond. These studies can be further 
developed and the conversion efficiencies of the pond can be increased, which will be a breakthrough in the 
thermal energy storage sector. 
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