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Abstract— This paper presents direct solar dryer for drying 

application likes as fruits, vegetables, and spices. Previous 

efforts on solar drying and recent developments of direct solar 

dryer for drying of cereal grains, fruits, vegetables and spices 

in the rural areas of the tropic and sub-tropic are critically 

examined in terms of drying performance and product quality 

and economic. The unpredictable rise and frequent scarcity of 

fossil fuel accelerated the continuous search for an alternative 

power source. Solar is one of the renewable and sustainable 

sources of power that attracted a large community of 

researches from all over the world. This is largely due to its 

abundant in both direct and indirect form. As such the 

development of efficient and inexpensive equipment for the 

drying of agricultural products using solar power evolved 

thereby improving the quality of the product as well as 

improving the quality of life. In this paper a review of direct 

solar is presented. It has been observed that use of direct solar 

dryer under natural convection and forced convection reduces 

moisture in very less time as well as drying rate is very fast 

than the sun drying. 
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I. INTRODUCTION 

The conventional drying system to preserve fruits, 

vegetables, grains, fish, meat, wood and other agricultural 

products in sun drying which is a free and renewable source 

of energy but for large scale production, there are various 

known limitations of drying as damage to the crops by 

animals, birds and rodents, degradation in quality due to 

direct exposure solar radiation, dew or rain contamination by 

dirt dust or debris. Also this system is labour and time 

intensive as crops have to be covered at night hand during bad 

weather and have to be protected from attack by domestic 

animals, there is also chance of insect infestation and growth 

of microorganism due to non-uniform drying. The 

advancement of sun drying is direct solar drying system in 

which products are dried in a closed system in which inside 

temperature is higher [1].  Major advantage includes 

protection against flies, pests, rain or dust.  A study of the 

drying kinetics has been carried out. Tests were carried out in 

the full heat of the sun at the same time for the direct solar 

dryer. Fruits and vegetables with higher water content help 

the easy attack of the microorganism and the microbial effect 

place a very important role in spoilage of fruits and 

vegetables. The financial value of those losses is 

approximately 104 million dollars annually and the reasons 

of the losses are poor preservation facilities [2, 5]. The sun 

has great potential to fulfill our energy needs, solar drying is 

one of the traditional and general methods of conservation of 

food crops. 

A. Classification of Solar Dryer Direct Solar Dryer 

In the direct solar dryer the product is direct exposed to direct 

solar radiation and the product itself acts as an absorber.  

The temperature of the product rises which helps to 

brings out the moisture. The hart air in the space above the 

product goes out by thermo-siphon action, while ambient air 

enters from the bottom and removes the moisture coming out 

of the product [7, 9]. 

The heat generated from the solar energy is used to 

dry the crops or food items and also heats of the surrounding. 

If the chamber is opaque, the dryer is named as 

distributed type or indirect solar dryer. If the chamber is 

transparent the dryer is named as integral type or direct solar 

dryer. There becomes combine action in mixed type solar 

dryer [5, 8]. 

The air is warmed during its flow through the solar 

collector and passes through air ducts into the drying chamber 

and over drying trays containing the crops. The moist air is 

discharged through the air vents or chimney [15, 21]. 

 
Fig. 1: Dryer 

In this dryer, the dryer use only incident radiation or 

incident radiation plus reflected radiation. Most solar drying 

techniques that use only direct solar energy also use some 

means to reflected additional radiation on to the product to 

further increase its temperature. The aim of this type of a 

dryer is mainly to improve product quality by reducing 

contamination by dust, insect, infestation and animal or 

human interference. It consist of a hot box with a transparent 

tap and blackened interior surfaces ventilation holes in the 

base and upper parts of slide walls maintained a natural air 

circulation [29]. 

B. Indirect Solar Dryer 

The black surface heats incoming air, rather than directly 

heating the substance to be dried. This heated air is then 

passed over the substance to be dried and exists upwards 

often through a chimney, taking moisture released from the 

substance with it [4, 22]. 

It is different from direct solar dryer with respect to 

heat transfer and vapour removal. The crops are located in 

trays inside an opaque drying cabinet and a separate unit 

termed as solar collector is used for heating of the entering air 

into the cabinet. The heated air flow over the wet crops that 

provides the heat for moisture evaporation by convective heat 

transfer between the hot air and the wet crop [15, 18, 23]. 
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Drying takes place due to the difference in moisture 

concentration between the drying air and the air in the vicinity 

of crop surfaces. 

C. Hybrid Solar Dryer 

The hybrid solar dryer combine the features of the direct and 

indirect type solar energy dryer. Here the combine action of 

incident direct solar radiation on the product to be dried and 

air preheated in a solar collector heater produces the 

necessary heat required for the drying process.[21, 23] 

In this dryer, an additional source of heating air is 

provided along with solar collector so that the overall 

temperature of the drying air can be increased. This system is 

also applicable where continuous drying is required and solar 

radiation is not available [3, 12].  

In solar drying process, the auxiliary heater was used 

to adjust the drying air temperature. The preliminary heating 

of air was done by solar radiation which was again heated by 

electrical resistance, if it's temperature was less than drying 

temperature required which is controlled thermostatically and 

then ventilated by an exhaust fan through the product to the 

environment [24, 25, 36]. 

 
Fig. 2: Hybrid dryer 

 
Fig. 3: Auxiliary heater 

D. Solar Drying System for Various Agriculture Produces 

The optimum method for using a solar air collector joint 

coupled with a grain drying system was investigated by 

Radajewski et al (1987) [45]. It is of two types of solar 

collectors: uncovered and covered. A computer model was 

built-up to minimize the cost of drying and optimize the 

geometry of the collector. Sarsilmaz et al (2000) (46), 

investigated the drying of apricots in a newly developed 

rotary column cylindrical dryer (RCCD) equipped with a 

particularly designed air solar collector (ASC) to find the 

optimum drying air rate and rotation speed of the dryer and 

to preserve uniform and hygienic drying conditions and also 

minimize the duration of drying. The pineapples dried in the 

solar tunnel dryer were completely protected from rain, 

insects and dust, and its quality as comparable to sun dried 

products. The proximate analysis was also indicated that the 

pineapple dried in the solar tunnel dryer was of a quality 

suitable for human consumption [47]. 

1) Grape Drying 

Barnwal and Tiwari [60] studied to dry grape by using hybrid 

photovoltaic–thermal (PVT) greenhouse dryer. The hybrid 

PVT integrated greenhouse dryer has been developed having 

floor area of 2.50 m ×2.60 m, 1.80 m central height and 1.05 

m side walls height from ground and 300 roof slope. The 

greenhouse dryer has been integrated with two PV modules 

on south roof of the dryer. The PV module produces DC 

electrical power to operate a DC fan for forced mode 

operation. The air moves from bottom to top through three-

tier system of perforated wire mesh trays. The UV stabilized 

polyethylene sheet has been fitted over the structural frame of 

the dryer. Pangavhane and Sawhney (2002a) [48] have 

reviewed solar dryers for grape drying. Pangavhane et al. 

(2002b) [49] developed a multipurpose natural convection 

solar dryer. They reported that the drying airflow rate 

increased with increase in ambient temperature by the 

thermal buoyancy in the collector. Grapes is to used to dry in 

the proposed system and it save the drying time significantly 

and produced better quality of product.  

2) Onion Drying 

The nature greenhouse drying of onion flakes was performed 

by Kumar and Tiwari (2007) [50], to study the effect of 

different mass on convective mass transfer coefficient. It is 

observed that there is significant effect of mass on convective 

mass transfer coefficient under both mode of drying. The rate 

of moisture removal in case of greenhouse drying is more 

than that open sun drying during the off-sunshine hours due 

to the stored energy inside the greenhouse. El-Sebali et al. 

(2002) [51] reported that moisture content (Mt) decreases 

from its initial value Mo (85%) to 57% and Mt (6%) after 48 

h and 32 h for the full size and cut samples, respectively, 

under the same conditions of the chemically treated onions. 

3) Potato Type Solar Dryers  

The determination of temperature dependent drying 

parameters namely drying constant, lag factor from drying 

kinetic curves of food product was proposed by Tripathy and 

Kumar (2008)[52], using a laboratory scale mixed-mode 

solar dryer. It consists of an inclined flat-plate solar collector 

connected in series to a drying chamber glazed at the top to 

perform natural convection drying experiments with potato 

cylinders. The thin-layer drying equation describing the 

drying behavior of food products is derived from Fick‘s law 

of diffusion. The analysis exposed that both drying constant 

and lag factor increase with sample temperature. The 

application of artificial neural networks (ANN) for prediction 

of temperature variation of food products solar drying was 

investigated by Tripathy and Kumar. Data on potato cylinders 

and slices obtained with mixed mode solar dryer for 9 typical 

days of different months of the year were used for training 

and testing the neural network. 

4) Mango Dryer 

Madhlopa et al. (2002) [53] reported that sliced fresh 

mangoes having an initial moisture content of 85% can be 

dried at 31.7oC–40.1 oC for 20 h to a final moisture content 
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of 13% in an indirect type natural convection solar dryer. It 

was found that the dryer was suitable for conservation of 

mangoes and other fresh foods. Toure and Nkembo 

(2004)[54] reported that mango having an initial moisture 

content of 84 % can be dried with maximum temperature 

allowable at 40.8oC for 15 h to final moisture content of 

27.6% in type of natural convection solar dryer. 

5) Copra Solar Dryer 

A forced convection solar drier designed, fabricated and 

tested to dry copra by Mohanraj and Chandrasekar (2008) 

[55]. They reported that the drying methodology is more 

suitable for producing high quality copra for small holders. 

About 75% of high quality copra could be produced by the 

proposed dryer. Drying of copra in the drier reduced its 

moisture content from about 52% to 8% and 10% in 82 h for 

trays at the bottom and top, respectively. The maximum 

drying air temperature recorded during peak sunshine hours 

was 63oC. The average temperature reduced to 31oC outside 

the hours of sunshine and during the night. 

6) Tomato Type Solar Dryers 

El-Sebali et al. (2002) [56] reported that moisture content 

(Mt) decreases from its initial value Mo (95%) to 85% and 

Mt (7%) after 36 h and 28 h for the full size and cut samples, 

respectively, under the same conditions of an indirect type 

natural convection solar dryer. Movagharnejad and Nikzad 

(2007) [57] have studied on drying of tomatoes at different 

variables—heater power, air velocity. The experimental 

results were modeled by ANN and other standard analytical 

drying models like Page, Newton, Henderson and Pabis etc. 

Result revealed that ANN model predict the moisture ratio 

more accurately than other mathematical models. 

7) Banana Solar Dryers 

Smitabhindu et al. (2008) [58] performed simulation and 

optimization of solar assisted drying system for drying 

bananas. The simulation model was validated by comparing 

with experimental results. The optimum values of the 

collector area and recycle factor were found to be 26 m2 and 

90% respectively with a minimum drying cost of 0.225 USD 

per kg. 

E. Apple Solar Dryer 

Elicin and Sacilik et al. (2005) [59] has been developed a 

solar tunnel dryer capable of dehydration of the apples. The 

proposed drying set up saves 4 h of drying period as 

compared to open sun drying to reduce the moisture content 

from 82% to 11%.The apple dried in the solar tunnel drier 

was completely protected from rain, insects, dust, bird, and 

the dried apple was a high quality in terms color and hygienic. 

F. Design, Development and Performance of Direct Solar 

Dryer 

Benon Bena et al. describe a version of brace type of solar 

dryer integrated with a simple biomass heater constructed 

from a 0.2m3 steel drum. The dryer has been evaluated under 

various conditions to dry sliced pineapple. 

According to Parm Pal Singh et al. the design of 

domestic solar dryer presented in this paper called PAU 

domestic solar dryer. All the draw of previous designs has 

been removed. It is a direct/indirect, integral, natural 

circulation solar dryer with a number of useful features. It has 

few extra useful design features as compared to other design. 

These design features are variable inclination direct/indirect 

mode operation and multi shelf design with intermediate 

heating. 

Djamel Mennouche et al. experimental results 

shows the best case was obtained by soaking in water at 

T=25c to obtain hydrated dates with 0.5 kg water/kg dry 

matter. Drying time to reach commercial water content 

(0.35kg water/kg dry matter) by the use of the three 

prototypes were respectively 22h, 11.5h and 2.5h. These tests 

also showed that drying with indirect natural convective dryer 

provides a good product quality with acceptable duration and 

it is satisfactory and competitive to a forced convective solar 

drying process. 

In Montero et al., Spain generate a big amount of 

agro industrial by products of high moisture that produce a 

high environmental impact. This fact motivates the aim of 

this paper, in which a solar dryer prototype is designed, 

constructed and performance tested for the analysis of the 

drying kinetics of these by products and their possible power 

valuation. The characteristics of the prototype are presented, 

together with the variations of the properties of temperature, 

relative humidity, air mass flow, and efficiency for indirect, 

mixed, passive, active, and hybrid operation modes. 

In this work a solar dryer prototype has been 

designed and constructed for the drying of humid agro 

industrial by products in different operation mode (active, 

passive, indirect, mixed and hybrid modes ). Previous to the 

valuation of the drying kinetics, the experimental analysis 

carried out has been shown to establish the most suitable 

operation strategies. 

Anil Kumar et al., Solar drying system is applied to 

dry food and other crops, which is superior in quality and save 

the consumption of the valuable conventional fuels. A state 

of art review of the various designs, details of constructional 

features and operational principles of wide variety of 

practically realized drying system, which works on solar 

energy. Some very recent developments in solar drying 

technology are highlighted. Fruits dryer and characteristics of 

different fruits while drying, is also presented in this context. 

Special attention is given to the heat transfer models, 

drying characteristics solar drying technologies, which 

facilitate the drying of crops in the off- sunshine hours. This 

paper are also present some easy to fabricate and easy to 

operate dryers that can be suitably employed at small scale 

factories or at rural farming villages. Such low cost food 

drying technologies can be readily introduced in rural areas 

of developing and developed country to reduce spoilage, 

improve product quality and overall processing hygiene. 

A.A. El-Sebaii et al., The use of solar energy in 

recent years had reached a remarkable edge. Solar energy 

applications were divided mainly into two categories the first 

is the direct conversion to electricity using solar cells 

(electrical application). The second is the thermal 

applications. The latter include solar heating, solar cooling, 

solar water heating, solar air heating etc. One of the most 

important potential applications of solar energy is the solar 

drying of agricultural products. Losses of fruits and 

vegetables during their drying in developing countries are 

estimated to be 30 - 40% of production. 

In this paper more studies to investigate and improve 

the thermal performance of double pass flat, v- corrugated 

and finned plate solar air heaters is still of considerable 

interest. Incorporating of sensible or latent heat storage media 
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within the solar drying systems accelerate the drying process 

during the night time and low intensity solar radiation periods 

and exclude the need for using auxiliary heat sources during 

low solar radiation seasons. 

A. C. M. B. Mustayen et al., This paper presents the 

state of various kinds of solar dryer's that are widely used 

today. The indirect, direct and mixed mode dryer's that have 

shown potential in drying agricultural production in the 

tropical and subtropical countries are discussed. We also 

highlight the environmental influence on solar energy that 

plays a vital role in the solar drying sector. This paper also 

presents the related technologies that can help improve 

existing solar dryers. This paper focuses on solar models that 

are suitable for producing high quality dried products. The 

best solutions to solve the issues associated with traditional 

drying (i.e. open sun drying) are discussed, along with the 

ways by which to create simple, inexpensive, and low cost 

solar dryers. We also discuss some environmental impacts 

and how these can be mitigated. 

O. V. Ekechukwu et al., A comprehensive review of 

the various designs, details of construction and operational 

principles of the wide variety of practically realized designs 

of solar energy drying systems reported previously is 

presented. A systematic approach for the classification of 

solar energy dryers has been evolved. Two generic groups of 

solar energy dryers can be identified, viz passive or natural 

circulation solar energy dryers and active or forced 

convention solar energy dryers. The requirement of 

electricity or fossil fuel driven fans or the use of auxiliary 

heating sources, however, renders the former clearly in 

appropriate for remote rural village farm application in most 

developing countries and makes both their capital, 

maintenance and operational costs prohibitive for small scale 

farming operations 

S. Vijayavenkata Raman et al., in this paper, the 

status of solar drying technologies in developing countries is 

presented. The various designs of solar dryers, its types and 

performance analysis are reviewed. Special attention is given 

to the solar drying technologies that facilitate drying of crops 

in off sunshine hours. The design, development and 

performance evaluation of various types of solar dryers were 

reviewed. Solar dryers designed specifically for a particular 

crop like grain dryers, grapes dryer, onion dryers, potato 

dryers etc. were reviewed with their design, performance 

evaluation and results of simulation of the systems. 

Vinod Kumar Sharma et al., This research paper 

presents on experimental investigation of three different type 

of solar dryer based on the principle of natural as well as 

forced convection. Efforts have also been mode to select the 

most appropriate design to be used on house- hold, farm or 

industrial scale. 

II. ADVANTAGE OF SOLAR DRYING 

 We can try, prepare and preserve the following food 

items Many kinds of cereals, like wheat barely and their 

associated products like flour, maida , rice, wafers, 

sewaiyya, noodles legumes (green leaves like kasturi 

methi, pudina, drumstick leaves) root vegetables  

potatoes etc. 

 Drying is factor because inside the dryer it is warmer 

than outside. The product is protected against flies, pests, 

rain and dust.[6] 

 Dried products improve family nutrition because fruit 

and vegetable contain family nutrition because fruit and 

vegetables contain high quantities of vitamins, minerals 

and fiber. 

 For diabetics dried fruit prepared without adding sugar is 

a healthy choice instead of desserts. 

 Dried fruit can be used in stews, soups casserole or 

enjoyed as shacks. It can also be added to cereals for 

breakfast or used in making ice-cream and backed 

product.[2-7] 

 It improves the bargaining position of farmer. Sometimes 

farmers sell their farms at very low prices during the 

harvest season because they cannot store or preserve 

their surplus products.  

III. DISADVANTAGE OF DIRECT SOLAR DRYER 

 The products are exposed directly to solar radiation 

which reduces the quality of the products. 

 The drying is very low in direct type solar dryers. 

 No control over rate of drying. 

 Products are directly exposed to uneven climatic changes 

and poor solar conditions. 

IV. CONCLUSION 

This review paper is focused on direct type solar dryer. This 

paper indicates that how the direct solar dryer is differ from 

indirect type solar dryer. This paper also explores some low 

cost, easy to fabricate and operate the dryers that can be 

suitably employed in small scale industries or at farming 

villages. 

Although mixed mode solar dryers are more 

efficient, but they make the system or dryer complex. The 

natural convection solar dryers are easy to fabricate and are 

low cost as well as self-sufficient, as they require no other 

power consuming equipments however, since air is flown due 

to natural convection, there is still no control over drying rate 

unlike forced convection dryers. The forced convection 

indirect dryer offers proper control over drying rate as the air 

flow can be regulated. Protects the product in a better way for 

longer duration as they are not exposed directly to the solar 

radiation and reduces the drying time required for the 

products, however, they consume more power which is an 

added cost. 
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