
ADVANCES in NATURAL and APPLIED SCIENCES 
 

ISSN: 1995-0772   Published BYAENSI  Publication 
EISSN: 1998-1090             http://www.aensiweb.com/ANAS 

2017 April 11(4): pages 472-478            Open Access Journal 

 

ToCite ThisArticle: M. Selvaraj and P. Sadagopan., A Review of Solar Energy Drying Technology with Air Based Solar 
Collectors. Advances in Natural and Applied Sciences. 11(4); Pages: 472-478 

 

A Review of Solar Energy Drying Technology 
with Air Based Solar Collectors 

 
1M. Selvaraj and 2P. Sadagopan 

 
1Department of Mechanical Engineering, Gnanamani College of Technology, Namakkal, 637018, Tamil Nadu, India. 
2Department of Production Engineer PSG College of Technology, Coimbatore, Tamil Nadu, India. 
 
Received 28 January 2017; Accepted 22 April 2017; Available online 1 May 2017 
 

Address For Correspondence: 
M. Selvaraj, Department of Mechanical Engineering, Gnanamani College of Technology, Namakkal, 637018, Tamil Nadu, India. 
E-mial: npselvarajj@gmail.com 

 
Copyright © 2017 by authors and American-Eurasian Network for ScientificInformation (AENSI Publication). 
This work is licensed under the Creative Commons Attribution International License (CC BY). 
http://creativecommons.org/licenses/by/4.0/ 

 
 

 
ABSTRACT 
The increasing energy demand for food processing and conservation of medicinal product, cost efficient energy serve giving up 
opportunities for the utilization of solar energy is leads to increase the interest in solar drying system. The abundance of solar 
energy is available in the lives of rural people, this energy being taped for drying of agricultural produce. Solar drying is one of the 
very old and simplest forms of drying even today most agriculture produces such as spice, under the sun area to conserve 
vegetables. Solar Air dryer is one of the basic equipment of converting solar radiation energy into thermal energy. Thermal 
application of solar energy is increasing demand in research field. In this application of solar collectors and thermal storage 
systems are two main components. Post-harvest agriculture product like tobacco, tea, fruit, cocoa beans, rice, nuts, marine 
products and timber required drying for later use. Drying the products under open sun has many draw backs such as debris, rain, 
blowing wind, insect infestation, human and animal interference, etc, leads contamination of the products. These types of drying 
technology many disadvantages, unpredictable weather condition, and also pollute the environment. By the use of solar dryer, the 
problems can be easily overcome. The Solar heating system to dry food and other crops can improve the quality of the product, 
while reducing the wasted produce and traditional fuels,  thus improving the quality of life, there are various types of solar dryers 
are developed and classified based on the mode of air circulation, such as natural circulation and forces circulation solar dryer, and 
based on the types of drying mode that is direct solar drying,  indirect solar drying and mixed mode solar drying and based on the 
types operation batch or continuous mode etc. The solar dryer particularly design and validated using specific crops likes fruit 
dryer, vegetable dryer, grain dryer, papad dryer are reviewed. This review paper presented has focused on different design and 
technology of different type of air based solar collector’s solar dryer construction and operation principle of solar energy drying 
system. Solar drying system with air based solar collector, environment friendly and increasing the energy conservation. Basically 
two types of collector such as non-concentrating collector (low temperature application), and concentrating collector (high 
temperature applications. Two general groups of solar energy dryers are identified as passive or natural air circulation solar 
energy dryers and active or forced circulation solar energy dryers. Three sub groups are identified viz direct mode (integral type) 
and indirect mode (distributed type) and mixed mode type. This review focus on the latest development and advances in the solar 
thermal applications, providing solar collectors and thermal storage systems. Various types of thermal energy storage systems are 
also reviewed and discussed, including sensible heat storage, latent heat storage, in this end, the performance and various such 
solar dryer are presented. 
 
KEYWORDS: Solar drying technology , systematic classification,  high temperature dryer, low temperature, passive solar dryer, 
active solar dryer, direct solar dryer, indirect solar dryer, mixed mode solar dryers, solar crop drying.  

 

INTRODUCTION 

 

At present, the way of the people is dependent on the production and utilization of energy, as a result the 

demand and supplying of energy is increasing in human societies. Global warming has become a pressing issue 

and needs to talked, Efficient utilization of renewable energy resources, especially solar energy, is increasingly 

being considered as a promising solution to global warming and means of achieving a sustainable development 

for human beings. Rising energy prices, diminishing energy availability and scarcity and growing environmental 
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concerns are quickly changing the global energy panorama. The sun releases an enormous amount of radiation 

energy to its surrounding. Solar drying is in practical since time immemorial for preservation of food and 

agriculture crops. In many rural location in developing countries grid connected electricity and supplies of other 

non- renewable sources of energy are either unavailable, unreliable or for formers too expensive. Solar energy is 

an abundant permanent and environmentally compatible energy sources in the world. Green energy is renewable 

and sustainable. Solar, hydro, wind, geo thermal, bio fuels and tidal power are some of the green energy sources 

that can be used as alternative to our conventional source of energy. Application of solar energy in Solar drying 

is one of the oldest methods of preservation of crops and it is utilized everywhere. Conversion to clean energy 

source such as solar energy facilitates improvement in quality of throught the planet not only for humans but 

also for most agricultural and marine product to be dried to preserve the quality of the final product. An 

alternate open sun drying solar drying system is an attractive and promising application of solar energy system. 

This type of system is a renewable and environmentally friendly technology. Solar drying is a dual process of, 

heat transfer to the product from the heat source and mass transfer in the form of moisture from the product to 

its surface and from surfaces to surrounding. This was done particularly by open sun drying under open sky. 

Since traditional sun drying is relatively slow process, considerable losses can occur, however weather 

conditions preclude the use of sun drying because of spoilage due to rehydrating during unexpected rainy days 

further, any direct exposure to the sun drying high temperature days might cause case hardening, when a hard 

shell develops on the outside of the agricultural products, trapping moisture inside. In addition, a reduction in 

the product quality takes place due to insect infestation, fungal growth, enzymatic reactions and microorganism 

growth, uneven types of drying, and uncontrolled moisture content in end product causing degradation in the 

quality of the products etc. This process has several disadvantages like spoilage of product due to an adverse 

climate condition like rain, wind, moist, and dust. Also the process is highly labour intensive, time consuming, 

and requires large area for spreading the produce out to dry and the drying can only be carried out during 

sunshine hours. With industrial development, artificial mechanical drying came into practice. This process is 

highly energy intensive and expensive, which ultimately increase the product cost. Mechanized drying is faster 

than open air drying, uses much less land, usually gives better quality. But the equipment is expensive and 

requires substantial quantities of fuel or electricity to operate. Thus solar drying is the best alternative as a 

solution of all drawbacks of natural drying and artificial mechanical drying. The process is either to preserve 

them for later use, as in the case with food, or as an interest part of the production process, as with timber, 

tobacco, and laundering. Solar drying in the context of this technical brief, refers to methods of using the sun’s 

energy for drying, by excludes open air sun drying. Solar drying technology offers an alternative which can 

process the vegetables and fruits in clean hygienic and sanitary conditions to national and international standards 

with zero energy costs. A typical solar food dryer improves upon the traditional open air sun system in the 

following important ways. It is more efficient, dried more quickly, reduces losses, it is hygienic, good quality 

because of controlled environment, it is faster that is shorter period of time, it is cheap, using freely available 

solar energy, instead of conventional fuel used. Drying help in reducing the moisture content to a level which 

deterioration does not occur and the produce can be stored for a definite period of time. At the same time, this 

can be used to promote renewable energy sources and an income generating option .Solar dryer used in 

agriculture for food and crop drying are used for industrial drying process. The process is either to preserve 

them for later use, as in the case with food, or as an interest part of the production process, as with timber, 

tobacco, and laundering. They can be proved to be a very useful device from this energy conservation point of 

view. It is not only saves energy but also saves lot of time, occupies less area, improves quality of the product 

makes the process more efficient and also protects the environment. 

 

2. History of solar energy: 

Solar energy stand in the early 1920 and growth lasted until the mid-1950’s when low cost natural gas 

becomes the primary fuel for heating. Today people use solar energy to heat building, heat water and to generate 

electricity. This is an energy flux of very high thermodynamic quality from an accessible source of temperature 

very much greater than from conventional energy sources. Solar short wave radiation passes through the earth’s 

atmosphere, a complicated set of interaction occurs. The interactions which include absorption ,the conversion 

of radiant energy to heat and subsequent re-emission as long wave radiation  scattering ,the wave length 

dependent on change in direction ,so that usually extra absorption occurs and the radiations continues at the 

same frequency and reflection which is independent of wave length. From the natural heat flux solar collector 

allows sun light through receive glass tube before it strikes the absorber tube. The glass tube or plate traps most 

of the solar radiation, inside collector using greenhouse effect. 

 

3. Drying mechanism: 

Drying is a classical method of food preservation, which involves the removal of moisture through the 

application of heat to the product. The basic essence of drying is to reduce the moisture content of the product to 

a level that prevents deterioration with a certain period of time regarded as ‘safe storage period’. Drying is 
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defined as a process of moisture removal due to simultaneous heat and mass transfer. In the process of drying, 

heat is necessary to evaporate moisture from the material and a flow of air helps in carrying away the evaporated 

moisture. There are two basic mechanisms involved in the drying process: 1, the migration of moisture from the 

interior of an individual material to the surface 2, the evaporation of moisture from the surface to the 

surrounding air. The drying of a product is a complex heat and mass transfer process which depends on 

,External variables such as temperature, humidity and velocity of the air stream and ,Internal variables which 

depend on parameters like surface characteristics (rough or smooth surface), chemical composition (sugars, 

starches, etc.), physical structure (porosity, density, etc.), and size and shape of product . The objective of a 

dryer is to supply the product with more heat than is available under ambient conditions, thereby increasing 

sufficiently the vapor pressure of the moisture held within the crop and decreasing significantly the relative 

humidity of the drying air and thereby increasing its moisture carrying capacity and ensuring sufficiently low 

equilibrium moisture content. Drying involves the extraction of moisture from the product by heating and the 

passage of air mass around it to carry away released vapour. Under ambient condition, these processes continue 

until the vapour pressure of the moisture held in the atmosphere. Thus the rate of moisture desorption from the 

product to the environment and the absorption from the environment are in equilibrium, and the crop moisture 

content at this condition is known as the equilibrium moisture content. Upon removing the water content in the 

product the quality of the dried output must be considered product quality depends on many factors, including 

drying temperature and duration. Therefore the drying extends the shelf life of the product and provides a light 

weight product for transportation and reduces storage space. 

 

4. Solar collectors: 

A solar collectors, the special energy exchanger, converts solar irradiation energy either to the thermal 

energy of the working fluid in solar thermal application, or to the electric energy directly in P.V (photovoltaic) 

application.  for solar thermal application solar irradiation is absorbed by a solar collector as heat which is the 

transferred working fluid can be used to either provide domestic hot water/heating, or to charge a thermal 

energy storage tank from which the heat can be drawn for use later(at night or cloudy days). For PV application, 

a PV module not only converts solar irradiation directly into electric energy (usually with rather low efficiency) 

but it also produce plenty of waste heat ,which can be recovered for thermal use by attaching PV board  with 

recuperating tubes filled  with carrier fluids. 

  

5. Solar energy collector:  

Solar energy collector is a devices employed to gain useful heat energy from incident solar radiation. They 

can be of the concentrating and non-concentrating type (flat-plate). Concentrating solar energy collectors 

operate at higher temperatures than the non-concentrating type. For solar energy crop drying applications, the 

flat plate collectors provide the temperature elevations desired and more appropriates techno-economically than 

the more complex concentrating collector. A simple solar energy collector consists basically of an absorbing 

surface (usually painted black) which absorbs the irradiation and transmits (in the form of heat) to a working 

fluid (commonly water or air) for solar crop drying applications; air is used commonly as the wording fluid. 

Provision is made to circulate the air through a duct in side of the absorber. 

 

6. Solar thermal collectors: 

Solar thermal collectors can also be considered legendary based on the type of heat transfer liquids and their 

construction used (water, non -freezing liquid, air, or heat transfer fluid). Solar flat plate collectors are used for 

water heating application for domestic application, space heating, and industrial low temperature application. 

Currently a large number of solar collectors are available on the market based on concentrating solar power 

(CSP) system which use lenses or mirrors and tracking system to focus a large area of sunlight in to a small 

beam which is then used as a heat source for a conventional power plant, extensive ranges of concentrating 

technologies developed are the parabolic trough, concentrating linear Fresnel reflector, the concentrating 

sterling dish and the solar power tower collectors. Solar radiation passes through the transparent cover and is 

converted to low-grade heat, is then trapped inside the box by what is known as the greenhouse effect the energy 

radiates.  

 

7. Types of solar dryer: 

Solar dryer are classified broadly into four categories such as direct, indirect, mixed, and hybrid solar dryer.  

 

7.1 Direct solar drying system (Open sun drying): 

Direct solar drying system, crop is exposed to sunlight directly such that it can be dehydrating. For this 

system black painted heat absorbing surface is provided that can  be collect the sun light and convert it into heat 

.the crop to be dried is place directly on the surface . These dryer may have glass covers and vents in order to 

increase efficiency. Cabinet solar dryer is a kind of direct solar dryer.Fig-1, shows the working principle of open 
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sun drying by using solar energy. The short wave length solar energy falls on the uneven product surface. A part 

of this energy is reflected back and the remaining part is absorbed by the surface. The absorbed radiation is 

converted into thermal energy and the temperature of product starts increasing. This results in long wavelength 

radiation loss from the surface of product to ambient air through moist air. In addition to long wave length 

radiation loss there is convective heat loss too due to the blowing wind through moist air over the material 

surface. Evaporation of moisture takes place in the form of evaporative losses and so the material is dried. 

Further apart of absorbed thermal energy is conducted into the interior of the product. This causes a rise in 

temperature and formation of water vapor inside the material and then diffuses towards the surface of the 

material. And finally losses the thermal energy in the form of evaporation in the initial stages, the moisture 

removal is rapid since the excess moisture on the surface of the product presents a wet surface to the drying air. 

Subsequently, drying depends upon the rate at which the moisture within the product moves to the surface by a 

diffusion process depending upon the type of the product. 

 

 
Fig. 1: Open sun drying 

 

7.2 Indirect solar dryer system: 

In this type of drying, the products are not directly exposed to the sun but, the solar radiation used to heat 

the air which the flows through the product to be dried. Thus moisture from the product may be lost by 

convection and diffusion. Indirect dryer classified, as natural convection, and forced convection (passive and 

active) depending upon the methods used to pass the air over product, In forced convection air is forced into 

drying cabinet by means of an external device such as blower, fan etc. Thus they offer better control over 

drying, but required more power. Indirect solar dryers, the black painted heat absorbing surface heats the 

ambient air, instead of direct exposes of crop to solar radiation. This heated air subsequently passed through the 

crop, taking moisture and exit, through a chimney. Fig-2 Describes the principle of indirect solar drying which 

is generally known as conventional dryer. In this case, a separate unit termed as solar air heater is used for solar 

energy collection for heating of entering air into this unit. The air heater is connected to a separate drying 

chamber where the product is kept. The heated air is allowed to flow through wet material 

 
Fig. 2: Indirect solar dryer system 

 

7.3 Mixed mode solar dryer system: 

Mixed mode solar dryer, is a combination of direct and indirect solar dryer. These works under the 

combined action of the solar radiation incident on material to be dried and the air preheated in solar collector 

provides the heat needs for the drying operation. 

 

7.4 Hybrid solar dryer:  

In solar hybrid dryers, other sources of energy can be used along with solar energy to continue the favorable 

drying condition; hence the drying process is not dependable on solar radiation. Blower is used for proper air 

movement in hybrid solar dryer which can be powered by solar photovoltaic system .hybrid solar  can control 

drying of any agricultural products by efficient way and also helps to maintain  product quality. 
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7.5 Natural convection solar collector (Passive solar collector): 

Natural convection, product stored in cabin or hot box unit. Solar collector is used to absorb the incident 

solar radiation and heat the air which passed over the stored products. As the air is heated, its density gets 

reduces and it flows into the drying section naturally. Since in this case the flow of air is by density difference 

only, this are called natural convection solar dryers. For passive solar energy application air flow through the air 

heating, is by natural circulation. 

 

7.6 Low temperature dryers:  

In low temperature drying systems, the moisture content of the product is usually brought in equilibrium 

with the drying air by constant ventilation. Low temperature drying enables products to be dried in bulk and is 

most suited also for long term storage systems. Thus, they are usually known as bulk or storage dryers. Their 

ability to accommodate intermittent heat input makes low temperature drying most appropriate for solar-energy 

applications. Thus, some conventional dryers and most practically-realized designs of solar-energy dryers are of 

the low temperature type. 

 

7.7 High temperature dryers: 

High temperature dryers are necessary when very fast drying is desired. They are usually employed when 

the products require a short exposure to the drying air. 

 

8. Literature review: 

HO-MING YEH and TONG-TSHIEN investigated both theoretically and experimentally   the effect of 

collector aspect ratio on the collector efficiency of flat plate solar air heaters. They found that the theoretical 

prediction agree reasonably well with the experimental results. They also found that increasing the aspect ratio 

decreases the cross sectional area of the duct and thus increase the velocity of air flow and also the convective 

heat transfer rate.  The constant collector area, the collector efficiency increases when the collector aspect ratio 

increases. However increasing the aspect ratio increase the fan power leads to increased cost [1]. 

P.SCHIRMER, S.JANJAI et al design and developed solar tunnel dryer for bananas, and was found that the 

drying air temperature at the outlet of the solar collector varies between 40 and 65 ºC during drying, which was 

sufficient to dry 300 kg of bananas with a drying time of 3-5 days and found that the quality of the product 

improved and also reported that the pay-back period of the dryer was to be 3 years [2]. 

R.K.GOYAL and G.N.TIWARI conducted the parametric study of a reverse flat plate absorber for cabinet 

crop dryer, and presented that the crop temperature in the absorber cabinet dryers is more than for normal 

cabinet dryers because of the maximum utilization of the available solar energy and minimum heat loss [3]. 

O.V. Ekechukwu, B. Norton they presented the comprehensive review of the various design, details of 

construction and operational principles of the wide variety of practically realized designs of solar energy drying 

systems. They also presented the systematic classification of drying system that is high temperature dryer, low 

temperature dryer, active and passive solar energy drying system and their sub cases such as integral, distributed 

,mixed mode solar dryers solar dryer .also given the natural and forced convection solar dryers[4] 

 

Conclusion: 

A comprehensive review of the various design details of construction and operational principles of the wide 

variety of practically realized designs of solar energy drying system were presented and also various designs of 

solar dryers for drying food materials has been discussed including non- concentrating and concentrating type. 

Also evolved systematic classifications of the solar energy dryers were reviewed. This paper has reviewed  the 

solar thermal applications, with focus on the two core sub system as solar collector and thermal storage system, 

This also present easy to fabricate and easy to operates dryers that can be suitably employed at small scale 

factories or at rural forming villages. Such as low cost food drying technologies can be readily introduced in 

rural areas to reduce spoilage, improve product quality and overall processing hygiene. The best alternative to 

overcome the disadvantages of traditional open sun drying and the use of fossil fuels, it is the development of 

solar crop dryers. In addition to mitigation of fossil fuel use, the quality of the dried crops is also higher and the 

loss of dried product is considerably reduced. Various types of dryers like natural, forced, direct, indirect, 

integrated, green house drying, cabinet dryer, tunnel dryer,  mixed mode, hybrid mode  were reviewed with 

respect to their design and performance. This classification illustrates clearly how these solar dryer designs can 

be grouped systematically according to their operating temperature ranges, heating sources and heating modes, 

operational modes or structural modes. Solar dryers designed specifically for a particular crop like grain dryer, 

grapes dryer, onion dryer, potato dryers were reviewed with their design performance evaluation and the result 

of simulation of the system.  
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