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Abstract 

 

Desalination is a highly energy consuming process where millions of tons of fuel are used for this purpose. On the other hand, 

large quantities of fuel are consumed for the drying of essential consumables annually. In this project, we design and analyse a 

combination of a solar operated desalination system and a conventional air dryer assembly to utilize the remnant heat of steam 

from desalination. The system primarily consists of two linked units comprising of a tank, a compound parabolic concentrator 

and an all glass evacuated tube and a conventional heat exchanger. In each unit independent desalination processes are carried 

out and the steam produced in the first unit is circulated into the second. The resultant steam is directed into the heat exchanger 

where the steam is condensed to water. The system is subjected to analysis and results show a fresh water yield of 1.6 kg/hr/m2 

and a rise in temperature of air by 44ºC. The designed system is of compact size such that it can be easily utilized for household 

purposes and of low setup and maintenance cost. 
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_______________________________________________________________________________________________________ 

I. INTRODUCTION 

Drying is one of the oldest and most important posts handling process of agricultural products. Drying can extend shelf life,  

improve quality, maintain relatively constant price, reduces post-harvest losses and lower transportation costs since most of the 

water is taken out from the product during the drying process. Most agricultural and marine products require drying process in an 

effort to preserve the quality of the final product. Solar assisted drying system is one of the most attractive and promising 

applications of solar energy systems. 

In many countries, conventional hot air drying method is commonly used for drying foods or other heat sensitive, biologically 

active products. Although the method is very cheap and practice, however the conventional hot hairdryers which are clearly not 

suitable to dry them because the high drying air temperature may remove important ingredients and degrade the product resulting 

in low product quality. Water has always been mankind’s most precious resource. Within 50 years, it is projected that the 

availability of potable water will fall below this level for 1.7 billion people in 39 countries. On the other hand, about 97% of the 

earth’s water is salt water in the oceans, and a tiny 3% is freshwater. It would be feasible to address the water-shortage problem 

through seawater desalination. In terms of energy consumption, desalination of seawater is an energy intensive process. Drying 

can extend shelf life, improve quality, maintain relatively constant price, reduces postharvest losses and lower transportation 

costs since most of the water is taken out from the product during the drying process.  

Most agricultural and marine products require drying process in an effort to preserve the quality of the final product. Solar 

assisted drying system is one of the most attractive and promising applications of solar energy systems.The use of solar energy in 

thermal desalination processes is one of the most promising applications of the renewable energies. In terms of solar thermal 

energy usage, solar desalination can either be direct; using solar energy to distillate directly in the solar collector, or indirect; 

combining conventional thermal processes desalination techniques with solar collectors for heat generation. Many different 

systems of direct and indirect solar desalination have been proposed and implemented. This paper, puts forward a novel small-

sized solar desalination system which incorporates the solar collecting, seawater evaporation, heat recovery and freshwater 

condensation processes within the common evacuated tubular solar collector to produce freshwater directly. The 2 system 
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operates under barotropic and atmospheric pressure and adopts a stepwise heat recovery method to recycle the latent heat of the 

steam generated It consists of four linked collecting units. Each of the four units contains a seawater tank and at least one solar 

collecting/desalination panel mainly comprising a simplified CPC (Compound Parabolic Concentrator) and an all-glass 

evacuated tube collector. In the last three units, heat exchangers made of copper tubes are inserted concentrically into the all-

glass evacuated tubes for heat recovery. In each collecting unit, an independent desalination process including solar heat 

collecting, heat recovery (no heat recovered in the first unit) and seawater evaporation can be carried out completely. 

II. PART LIST 

         
Fig. 1: Steam outlet                                                                             Fig. 2: Evacuated glass tube 

      
Fig. 3:  Copper tube                                                                               Fig. 4: Steam outlet 

                                                                
Fig. 5: Steam outlet                                                                                        Fig. 6: CPC (front view) 

 

                                                                
 Fig. 7: Drier cabin (front view)                                                                             Fig. 8: Drier cabin (rear view) 
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Fig. 9: Heat exchanger                                                                                           Fig. 10: Complete assembly 

III. COMPONENTS 

  Radiator: A.

Radiators are heat exchangers used to transfer thermal energy from one medium to another for the purpose of cooling and 

heating. The majority of radiators are constructed to function in automobiles, buildings, and electronics. The radiator is always a 

source of heat to its environment, although this may be for either the purpose of heating this environment, or for cooling the fluid 

or coolant supplied to it, as for engine cooling. Despite the name, radiators generally transfer the bulk of their heat via 

convection, not by thermal radiation, though the term "convector" is used more narrowly.  

A radiator is a type of heat exchanger. It is designed to transfer heat from the hot coolant that flows through it to the air blown 

through it by the fan. These radiators are made by brazing thin aluminum fins to flattened aluminum tubes. The coolant flows 

from the inlet to the outlet through many tubes mounted in a parallel arrangement. The fins conduct the heat from the tubes and 

transfer it to the air flowing through the radiator. The tubes sometimes have a type of fin inserted into them called a turbulator, 

which increases the turbulence of the fluid flowing through the tubes. If the fluid flowed very smoothly through the tubes, only 

the fluid actually touching the tubes would be cooled directly. The amount of heat transferred to the tubes from the fluid running 

through them depends on the difference in temperature between the tube and the fluid touching it. So if the fluid that is in contact 

with the tube cools down quickly, less heat will be transferred. By creating turbulence inside the tube, all of the fluid mixes 

together, keeping the temperature of the fluid touching the tubes up so that more heat can be extracted, and all of the fluid inside 

the tube is used effectively. 

 CPC Solar Collector: B.

CPCs consist basically of three elements: 

1) Receiver: The receiver should have the highest absorbance for solar radiation as possible and must be constructed with 

high‐conductivity metals in order to conduct efficiently the absorbed heat into the heat transfer fluid. Most receiver 

materials do not have a very high absorbance, and they need to be covered with special solar selective surface coatings. 

A commercial selective surface for applications in solar energy made from a silicon polymer, with an emissivity from 

0.28 to 0.49 and absorbance values from 0.88 to 0.94 was applied on the surface of this receiver. 

2) Cover: The ideal cover is a transparent insulation that allows the passage of solar radiation to the reflector and receiver, 

having a high transmittance of solar radiation, and a low transmittance of the thermal radiation from the receiver; also, it 

must have high durability and low cost. The cover used was a tempered glass with a thickness of 4mm 

3) Reflector: Reflectors for solar concentrators should have the highest reflectance as possible. Its function is to focus 

beam‐solar radiation onto the receiver, which is located at the focus of the system. Two SS 202 sheet segments with a 

reflectance of 0.87 were used to construct the reflector sides. In order to achieve the best CPC performance, each 

material component was carefully selected. The general Concentration Ratiofor a CPC is around 3 –10. 

 
Fig. 11: Geometry of CPC 
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Fig 12 Profile of standard CPC 

 Glass Tube: C.

Glass tubes or glass tubing are hollow pieces of borosilicate or flint glass used primarily as laboratory glassware. Glass tubing is 

commercially available in various thicknesses and lengths. Glass tubing is frequently attached to rubber stoppers. Today, 

commercially available parts connected by ground glass joints are preferred; where specialized glassware are required, they are 

made to measure using commercially available glass tubes by specialist glassblowers. For example, a Schlenk line is made of 

two large glass tubes, connected by stopcocks and smaller glass tubes, which are further connected to plastic hoses. 

 Copper Tube: D.

Copper tubing is most often used for supply of hot and cold tap water, and as refrigerant line in HVAC systems. There are two 

basic types of copper tubing, soft copper and rigid copper. Copper tubing is joined using flare connection, compression 

connection, or solder. Copper offers a high level of corrosion resistance, but is becoming very costly. 

 Fan: E.

The radiator fan has an important job in the engine compartment. It can push air through the radiator core or pull it through. It 

must cool the antifreeze that circulates through the block and head passages and reduces the engine temperature. Fan designs 

have specific purposes for different sized vehicles and profiles. They all have the same basic function, which amounts to drawing 

in extra air, but especially at low rpm conditions and times when the vehicle sits at an idle. 

IV. EXPERIMENTAL SETUP 

The solar collecting/desalination units are the core component of the experimental system. The first unit contains a seawater 

tank, a pressure regulating valve and one solar collecting/desalination panel which consists of a simplified CPC (Compound 

Parabolic Concentrator), an all-glass evacuated tube and a steam outlet pipe. Since there is no heat recovery process happens in 

this unit, heat used to evaporate the seawater only comes from the solar energy. The second unit has the same structure 

containing a seawater tank, a pressure regulating valve and one solar collecting/desalination panel which comprises a simplified 

CPC, an all-glass evacuated tube and a heat exchanger made of copper tubes mounted concentrically into the all-glass evacuated 

tube for heat recovery. Since the mass of steam gradually accumulates when passing through these units, two panels are mounted 

in the last unit to provide more heat transfer area to recover heat. By such arrangement, the latent heat of the steam generated can 

be recovered almost completely in the units in order to evaporate the seawater outside the copper tubes. 

 
Fig. 13: Complete assembled view of solar operated air drier with desalination system 

CPC is capable of collecting the solar radiation for a long period during the day without tracking the sun. The tubular absorber 

is an all-glass evacuated solar tube, which consists of two concentric glass tubes sealed at one end with an annular vacuum space 

and a selective absorbing coating layer on the outer surface of the inner tube. For the purpose of easy manufacturing and cost 

reduction, the standard CPC is simplified with a flat curve bottom instead of the involute shape bottom. The simplified CPC is 

made of stainless steel mirror (3mmthick, 420 mm wide and 224 mm high) welded directly on the steel shelf. The highest steam 

temperature being set in the first unit is 141⁰C and decreased by 13⁰C at the following unit corresponding to the atmospheric 

pressure. 

The cumulative steam generated from the units is directed to a radiator where heat is dissipated. Since the thermal efficiency 

of air is considerable low for the purpose, a fan is used to increase the velocity of air to induce forced convection thereby 

increasing the efficiency of the system. As the steam passes through the tubes of the radiator heat is transferred to the walls 

which is further transferred to the radiator fins by conduction. The accelerated air passing above these fins experiences an 

increase in temperature as heat is accumulated by convection and radiation. As the steam progresses through the tubes a pressure 

drop is generated and steam condenses to water, providing fresh water at the outlet. The air within the enclosure experiences rise 

in temperature until a thermal equilibrium is attained with steam. 
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V. RESULTS AND ANALYSIS 

According to Ministry of New and Renewable Energy, an average of 866 W/m
2
 of solar irradiation falls on Kerala during 

summer. The initial calculations are based on this information. 

 
Fig. 14: Temperature analysis of glass tube 

 
Fig. 15: Total heat flux on glass tube 

It is observed that a maximum temperature of 210.28⁰C and a heat flux of 2719.5 W/m
2
 is attained at the top end of the glass 

tube whereas a temperature of 198.85⁰C and 1167.7 W/m
2
 is attained at the bottom end. 

 
Fig. 16: Temperature analysis on copper tube 

It is observed that a maximum temperature of 131⁰C is obtained at the top end of the copper tube. 
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Fig. 17: Temperature distribution over heat exchanger tubes 

 

 
Fig. 18: Heat flux distribution over heat exchanger tubes 

It is observed that a maximum temperature of 121.8°C and a heat flux of 3.953*10
6
 W/m

2
 is attained at the top end of heat 

exchanger tubes whereas a temperature of 59.945°C and 5.150*10
-6

 W/m
2
 is attained at the bottom end. Through the fins 

attached to the heat exchanger tubes it is observed that a maximum temperature of 120.01°C is attained at the top end of the glass 

tube whereas a temperature of 59.994°C is attained at the bottom end. 

VI. CONCLUSIONS 

A solar operated air dryer cum desalination system is designed and analyzed using Ansys 14.0 The system consists of two 

collecting units linked together. Each of the two units contains a seawater tank and at least one solar collecting/desalination 

panel. In the second unit, heat exchangers made of copper tubes are mounted concentrically in the all-glass evacuated tubes for 

heat recovery. The resultant steam generated is passed to the heat exchanger where the fins dissipate heat to the surrounding air. 

The heat collecting and freshwater yielding performances of the whole system and each unit are investigated under different 

operating conditions. Analysing the results, freshwater yield in the solar collector can reach as high as 1.6 kg/h/m
2
, air 

temperature is raised by 44°C and a thermal efficiency of 58% is attained between the steam and surrounding air. The indexes 

thus obtained reach expectations and the experimental results lays out a foundation for wide spread application. The system thus 

designed is optimal for large scale manufacture, of low cost and highly efficient. 
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