Solar Dryer Selection and its Applications for Various Household Items
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Abstract – Open sun drying is the oldest and method of drying which gives the trends to use fossil fuel dryers like electric dryers, wood dryers, and many more. This helps in drying the item quickly and more effectively but spoils the environment. To avoid such things solar dryer is needed. The solar dryer is available in many types its selection is important as per the application or items of drying. Selection of materials and cost estimation is discussing with the selection method. Then methods to predict the moisture contents are discussing and this helps to conclude that the solar dryer is more essential for household products.
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I. INTRODUCTION
Food is the basic need of all human beings and to supply food for a long period is the biggest challenge. The quality and quantity both are important in food. Losses of fruits and vegetables are everywhere, most developing countries still facing this problem. About 30 to 40% of total production gets loss [1].  To protect fruits and vegetables from this loss it is important to remove the moisture present in the fruits and vegetables to a certain extent. The moisture removal can be done by open sun drying which is one the oldest method. Otherwise, fossil fuel dryers can be used for the same. Many industries are using electricity, natural gas, biomass, and solar energy for drying foods [2,3]. There are different types of dryers and have their performance is differing as per the food and environment. The dryer can be used for many products like chilies, turmeric, peanut, grapes, copra, etc. the types of the dryer and possible improvement for better performance is studied [3]. Fossil fuels pollute the surroundings and not available in plenty. Solar energy is available free of cost and can be used for drying. Many researchers study solar energy and give their views by experimenting and reviewing the literature. Solar energy used by indirect solar dryer which is most prominently used by many researchers gives good quality products. Different techniques are incorporated for improving the performance of the dryer [4]. 
A new conception of the absorber in the collector of an indirect dryer is used for thermal storage of solar energy. Two corrugated aluminium plates are used in the collector which gives the thermal efficiency of 11.11% [5]. Different types of dryers discuss with application [6]. To use a dryer of one type doesn’t provide high performance. A dryer with mixed-mode can give more efficiency than a single one. The efficiency of the dryer is mostly depending on the air temperature and its velocity, type of product solar radiation, and moisture content [7].
Nabnean design a parabolic shape flat plate collector cover with a polycarbonate plate. The dryer was so designed that it can dry the banana from 72% W.B.9wet basis to 28% w.b in 4 days [8]. 
A box-type solar dryer is designed to dry the mango slices under controlled and protected conditions. The time taken to dry the 100kg of sliced mango is two days and moisture removal is from 81.4% to 10%. The dryer area was only 1.03m2 [9]. The design procedure with all mathematical terms and conditions is studied for designing a solar dryer of any type [10]. The solar dryer with a 1 m2 area can dry many products like chilies, bit root, potatoes, and many more. The box-type dried was instructed to dry 20 kg of fresh vegetables from 89.6% to 13% w.b [11].  The dryer of mix mode types gives more variants in the drying of food items than other types. The solar and wind energy combinations give the much easier and clean dryer [12]. A solar dryer can be made at a low cost and even cheap local material can be used to construct the dryer and this will be helpful to farmers and others also [13]. The solar dryer scope is not limited to the industries or agricultural land it can be used for household purposes also [14]. the dryer can be tested by many methods. The modelling techniques like CFD, ANFIS modelling, ANN modelling, fuzzy logic, and its application for understanding the drying concept [15]. There are various types of advancement are developed in the solar drying system [16].
The objective of this paper is to explain the importance of solar drying and its application for industries and household products. Its major application is in a household.
II. METHODOLOGY
Selection of Dryer for Industry and Household
1. Initial selection: - the first step is the type of solar dryer i.e. direct, indirect, mixed, or hybrid. The free convection or forced convection. The types should best suit the wet material and the continuity of the process. 
2. Initial comparison: - the selected dryer in step 1 is needed to evaluate the cost, space, and performance.
3. Solar drying test: - now test the dryer selected according to steps 1 & 2 for small scale and concluded the result for alternatives experimental readings. Based on the result and conclusion made a design of dryers for said capacity, cost, operating cost, product quality, dryer operability, and available space. 
4. Final selection of solar dryer: - based on step 3 final selection dryer is made for types and capacity. 
The dryer can be select on the following points.
1. Physical features – types, size, shape collector area.
1. Thermal performance – solar insolation, drying            
 time/drying rate, efficiency. 
1. Properties of material – physical characteristics, 
acidity, toxicity, etc.
1. Drying characteristics of the material – the type of moisture (bound, unbound, or both), initial moisture, final moisture drying temperature.
1. The flow of material to and from the dryer – Quantity to be handled per hour, continuous or batch operation, prior and post-process.
1. Product qualities – Shrinkage, contamination, over-drying, appearance, flavour.
1. Facilities were available at the site of proposed installation – space, Temperature, humidity, available fuels, exhaust gas outlets.
1. Economics – the cost of dryer and drying.
1. Other parameters – maintenance, safety, etc. 
Material Selection 
The material selection is depending on the climatic conditions and the availability of the material at that location. Most of the dryers are built by using a steel frame. For a low-cost dryer, Mild Steel is used or sometimes wood, plastic, or PVC pipes can be used. The cost of the dryer depends on the application product. What type of product quality needed to be based on that the product cost and material are selected?
How to Predict the Moisture Content 
Moisture in the food items needs to remove but how much that is the question arises. Before removing what is the amount of moisture present in the item to the dryer is to be known. Measuring moisture content allows controlling the drying process. This helps to dryer the product to a specific level of moisture content rather than for a fixed period. Following are the methods of finding the moisture content [18]. 
1. Moisture content can be predicted by measuring the weight of the product before and after drying. 
1. Electrical resistance type meters operate on the principle of electrical resistance, which varies minutely by the moisture content of the item measured. Resistance meters have an average accuracy of + 1% MC over their operating range.
1. Dielectric moisture meters rely on surface contact with a flat plate electrode that does not penetrate the wood. Similar to resistance meters, the accuracy of dielectric meters in measuring average MC is + 1% moisture content.
1. The Modern portable moisture balances are available with built-in infrared heaters, which directly measure the moisture content of the product and gives a profile of moisture content variations with time. 
1. The advanced method of measuring the moisture content is Radio Frequency Capacitance method. The instrument measures the loss, or change, in RF dielectric constant as affected by the presence of moisture.
1. By Mathematical calculation. 
Determine the moisture content of the test
1. Mass of water in sample = wet mass minus the dry mass
2. Percent moisture = (Mass of Water / Dry Mass of Sample) *100
For example 
If the throughput of the dryer is 50 kg of wet product per hour, drying it from 65% moisture to
20% moisture, the heat requirement is:
50 kg of wet product contains 50 x 0.65 kg water = 32.5 or 33 kg moisture and
50 x (1 - 0.65) = 17.5 kg bone-dry product.
As the final product contains 20% moisture, the moisture in the product is 17.5/9 = 2 kg and so
Moisture removed = (33 - 2) = 31 kg
Latent heat of evaporation = 2257 kJ kg-1(at 100 °C so heat necessary to supply = 31 x 2257 = 6.9 x 104 kJ
Dryer Application for Household
The application of solar dryers is not limited; it has vast applications. The major application area is in agricultural and agro-industries. To form a powder of the product with less moisture dryer is used. A product like pepper, turmeric, chilies, coriander, dehydration of fruits and vegetables like mango, sapota, grapes, banana, papaya amla, carrot, beetroot, potato, bitter gourd, and many more. It is also useful in many medicine preparations by drying herbs like tulsi, neem cashew, paddy, mushroom, tea leaves, coffee beans, marine food, tobacco, wheat, seeds, wood, and many more [1-10]. 
The dryer is not only used for drying foods but is also used for drying clothes, producing the greenhouse effect. Forgiving the cold and warm air to the plants. Then warming the building or providing the hot air to the building or industries [11-15]. 
Another application of solar dryers is for dairy farming and livestock. For fulfilling the need for water and heating, pig and poultry farms raise animals in enclosed buildings. For animal husbandry, it is necessary to provide the proper temperature of the air in winters with better air quality to maximize the health and growth of the animals. 
The dryer can also be used in drying household items like pickles, lemon, papad, potatoes, bananas, serial dryings like wheat, jawar, rice, and many more. Some it is needed to remove the insect from serials and other items. A dryer can help in removing the insects directly without keeping the items in open sun drying and maintain quality and hygiene [14]. 

VI. CONCLUSION
[bookmark: _GoBack]Open sun drying is not a valid and hygienic technique for drying food, marine agriculture, and non-agriculture products. Solar drying is the new method of open sun drying and its scope is not limited to drying but also to supplying the hot air. The rate of the drying depends on the volume of the solar dryer, airflow rate, moisture content in the item, humidity in the air as per the environment conditions, and of course the average amount of solar radiation available during the drying season. The dryer has a huge scope in drying the products and providing hot air to many areas of application.
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