PERFORMANCE AND EXPERIMENTAL STUDIES ON VORTEX CIRCULATING DOUBLE TUBE SOLAR PASSIVE-BED DRYER 
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Abstract: Solar is one of the renewable and sustainable source of energy. It is abundant in both direct and indirect form. In many tropical countries, agricultural products dried under the open sun. This is the oldest technique used by mankind. Various topics in sun and solar drying are discussed in many scientific reports, research manuscripts and books. This review paper focused on fabricating and testing for drying chillies by using flat plate collector and vortex- circulating bed solar dryer. The advantage of the vortex circulating bed is to provide constant movement of the chillies over the bed in order to enhance the resident time with hot air. Vortex circular motion technique provides efficient agitation. The model can predict the change in the temperature of air, relative humidity, the moisture content and the dryer thermal efficiency. Food scientists have found that by reducing the moisture content of food to between 10 and 20%, bacteria, yeast, mould and enzymes are prevented from spoiling it. The flavour and most of the nutritional value is preserved and concentrated. Wherever possible, it is traditional to harvest most grain crops during a dry period or season and simple drying methods such as sun drying are adequate. However, maturity of the crop does not always coincide with a suitably dry period. Furthermore, the introduction of high-yielding varieties, irrigation, and improved farming practices have led to the need for alternative drying practices to cope with the increased production and grain harvested during the wet season as a result of multi-cropping. Drying and preservation of agricultural products have been one of the oldest uses of solar energy
The traditional method, still widely used throughout the world, is open sun drying where diverse crops, such as fruits, vegetables, cereals, grains, tobacco, etc. are spread on the ground and turned regularly until sufficiently dried so that they can be stored safely Food crops are usually for immediate consumption needs, resulting in wastage of food surpluses during the short harvest periods and scarcity during postharvest periods. Drying is one of the methods used to preserve food products for longer periods. It has been established as the most efficient preservation technique for most tropical crops. This project presents the construction and performance of a vortex-circulating bed solar dryer for food preservation. The solar dryer consists of flat plate collector, a blower with pipe connections, and vortex circulating bed. 
The results obtained during the test period revealed that the temperatures inside the dryer and solar collector were much higher than the ambient temperature during most hours of the day-light. The dryer exhibited sufficient ability to dry food items reasonably rapidly to a safe moisture level and simultaneously it ensures a superior quality of the dried product.
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I. INTRODUCTION

Drying using solar radiation i.e. drying direct sunlight is one of the oldest techniques used by mankind to preserve agriculture based food and non-food products. This form of energy is free, renewable and abundant in any part of the world specially in tropical countries. However, in order to maximize its advantages and optimize the efficiency of drying using solar radiation, appropriate technology need to be applied order to keep this technique a sustainable one. Such technology is known as solar drying and is becoming a popular option to replace mechanical thermal dryers owing to the high cost of fossil fuels which is growing in demand but dwindling in supply. 
Various topics in sun and solar drying are discussed in many scientific reports, research manuscripts and books. This project will 

be fabricating and testing for drying agriculture produce by using flat plate collector and vortex circulating bed. The model can

 predict the change in absolute humidity of air across the bed, the temperature of air, the moisture content and the dryer thermal 

efficiency. By using vortex circulating bed, efficiency is increase and reduces the time for drying. The major two categories of 

the dryers are natural convection solar dryers and forced convection solar dryers. In the natural convection solar dryers the 

airflow is established by buoyancy induced airflow while in forced convection solar dryers the airflow is provided by using fan 

operated either by electricity/solar module or fossil fuel. . It is estimated that 20% of the world‘s grain production is lost after 

harvest because of inefficient handling and poor implementation of post-harvest technology, says Hartman‘s (1991). Grains and 

seeds are normally harvested at a moisture level between 18% and 40% depending on the nature of crop. 

These must be dried to a level of 7% to 11% depending on application and market need. Once a cereal crop is harvested, it may 


have to be stored for a period of time before it can be marketed or used as feed. Drying materials at optimum temperatures and in 

a shorter amount of time enables them to retain more of their nutritional value such as vitamin C. An added bonus is that 

products will look better, which enhances their marketability and hence provides better financial returns for the farmers. It is 

cheap. Using freely available solar energy instead of conventional fuels to dry products or using a cheap supplementary supply 

of solar heat, so reducing conventional fuel demand can result in significant cost savings





AI. LITERATURE REVIEW


A. R. VidyaSagarRaju, [03] had worked on that, the section comprises of literature review on studies in the past in relation to solar dryer and present. It also discuss the different types of solar dryers, its advantages and disadvantages, comparison of using open sun drying and solar drying technology. He also mentioned that drying may be an interesting method in order to prevent fresh fruit deterioration. There is spoilage of fruits and other fresh foods that could be preserved using drying techniques in India and other developing countries. Seasonal fruits like mangoes are not presently dried for export, or for local consumption during period of scarcity.
B. Seini ‘ElaUatekiniVaipulu, [04]  had worked on different drying techniques for drying agricultural products were reviewed in the study to develop a suitable dryer for drying sea cucumber as it is a high export value product gaining importance in the international markets now a days. A conceptual prototype solar dryer for drying sea cucumber was designed which has its advantages over the traditional open sun drying methods such as reducing the loss due to damage caused by insects, birds, rodents and adverse climatic conditions. The drying period using the conceptual solar dryer is 1 -2 days whereas it takes 4 -14 days in the traditional open sun drying methods.
C. Benjamin TernengeAbur, [05]   in this paper, solar drying technologies for drying fruits, vegetables, spices, cereals, grains, legumes, medicinal plants and fish for global food security are reviewed. For nutrient preservation of dried products and superior drying speed, the indirect forced convection type solar dryers are preferred but power requirement increase the cost of drying as well as limit their use in the rural areas. Natural-circulation type solar tunnel dryers, wind ventilated type solar dryers with heat storage units and greenhouse dryers are more suitable for rural applications. Solar-biomass hybrid dryers overcome the limitations of solar drying during cloudy conditions and night hours, operational procedure and effectiveness in promoting better product quality should be consider in the design and production of solar drying systems.
D. Chandrakumar B Pardhi, [06]. Based on preliminary investigations under controlled condition of drying experiments, a mixed-mode solar dryer with forced convection using smooth and rough plate solar collector was constructed. This paper describes the development of dryer considerations followed by the results of experiments to compare the performance of the smooth and the roughed plate collector.
E. Shanmugamle, KumarAR. Veerappan, [01] had worked on a mathematical model for drying agricultural produce using a solar dryer capable of oscillating its bed while kept at an inclined position with respect to vertical. A model of the solar dryer with double-pass flat plate collector and an oscillating-bed has been fabricated and tested for drying agricultural produce.	937

BI. METHODOLOGY 

The flat plate collector is the heart of any solar energy collection system designed for operation in the low temperature range (ambient-60°C)or in the medium temperature range (ambient-100°C). It is used to absorb solar energy, convert it into heat and then to transfer the heat to a stream of liquid or gas. It absorbs both direct and diffuse radiation, and is usually mounted on the top of a building or other structures. It does not require tracking of the sun and requires little maintenance. Essentially the majority of flat plate collectors consist of several basic elements. These are as follows:
(i) Absorber plate which may be flat corrugated or fins or baffles attached to it, which is normally metallic, upon which the short wave solar radiation falls and is absorbed.
(ii) Glazing, this may be one or more sheets of glass or some other diathermanous (radiation transmitting) material.
(iii) Thermal insulation provided at the back and sides of the absorber plate to minimize the heat losses.


                               [image: Description: F:\pradip project\project solar digrams\pics\20160527_151302-1.jpg]
                                   Fig.3.1 Flat plate collector painted black with absorber plate attached with baffles.

The flat plate collector consists of collector plate, absorber plate with baffles and box with insulation. The heat absorber plate with baffles of the solar air heater was constructed using 3 mm thick aluminium plate and the baffles of aluminium are attached to the plate having 8 mm thickness, 300 mm long and 100 mm wide, painted black, is mounted in the box built from galvanized iron sheet. The space between absorber plate and bottom of box is filled with glass wool which is used as insulated material. The solar collector assembly consists of air flow channel enclosed by transparent cover (glass
[bookmark: page3]plate. Baffles provide some time to heat the ambient air. The glazing is a single layer of 4 mm thick transparent glass sheet; it has a surface area of 500 mm by 1000 mm. One end of the solar collector has a rectangular air inlet vent from where ambient air is come inside flat plate collector and on other end blower pipe connection is attached that can suck ambient  air from surrounding.
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                        Fig.3.2Vortex-circulating bed with pipe connection
                                                
                                                                              IV.       PIPE CONNECTIONS
In this solar dryer the flexible pipe connections are use having diameter of 50mm. The hot air can circulate through this pipe from flat plate collector to vortex-circulating bed. The inlet of the pipe is connected to flat plate collector while outlet is connected to vortex-circulating bed. It has high capacity of sustain high temperature.
                                                             V.       CONCLUSION

The solar dryer can raise the ambient air temperature to a considerable high value for increasing the drying rate of agricultural crops. The product inside the dryer requires less attentions, like attack of the product by rain or pest (both human and animals), compared with those in the open sun drying. Although the dryer was used to dry chillies, it can be used to dry other crops like yams, cassava, maize, potato and plantain etc. There is ease in monitoring when compared to the natural sun drying technique. The capital cost involved in the construction of a solar dryer is much lower to that of a mechanical dryer. Also from the performance carried out, the simple and inexpensive vortex-circulating bed solar dryer was constructed using locally sourced materials. In this project the experiment is performed on 6m/s, 5m/s and 4m/s of velocity of air. On that particular velocity of air the moisture removal from chillies of solar dryer is observed that 42.85%, 39.35% and 38.15% respectively. As compared to open sun drying it is much higher. The average efficiencies are obtained for mentioned air velocities are 19.92%, 18.018% and 20.38% respectively. The quality of the product obtained after solar drying is much better than open sun drying. The dryer exhibited sufficient ability to dry food items reasonably rapidly to a safe moisture level and simultaneously it ensures a superior quality of the dried product.
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