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ABSTRACT 

 
ARTICLE INFO 

Drying using the sun under the open sky for preserving food and agricultural crops 

has many disadvantages. Artificial mechanical drying, a relatively recent 

development, is energy intensive and expensive, and ultimately increases the product 

cost. 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. It saves energy, time, occupies less area, improves 

product quality, makes the process more efficient and protects the environment. Dry 

fig stands at a highest position in dry fruit. Dried fig production has a great important 

in terms of foreign trade, farmer’s income and employment. In India, its cultivation is 

mostly confined to western parts of Maharashtra and Gujarat, Karnataka. The 

largest area brought under the cultivation of fig is in the state of Maharashtra. Out of 

yearly total production of fig in India, near about 80% of fig production ., 00.tJKakes 

place in Pune (Maharashtra). Considering the commercial value of dried fig and 

concentrating on reduction in waste, if the renewable technology is available for local 

farmers  it will be economically benefited. At the same time to overcome the 

disadvantage of the intermittent nature of solar energy, if thermal energy storage 

system is integrated with solar dryer it could enhance the energy storage capacity and 

make the system suitable for continuous usage. 

In this work efforts have been made to develop the mixed mode forced convection 

solar dryer for fig drying with thermal energy storage. The performance of the dryer 

has been investigated experimentally. The result shows that it is possible to dry the 

figs cultivated in India in accordance with international norms for moisture content 

and nutrition value for dried fig. Incorporation of thermal energy storage system 

reduces drying time from 9 sunshine hours with mass flow rate air 0.027 kg/sec. For 

the mass flow rate of air of 0.027kg/s, sliced figs drying gives about 37% dryer 

efficiency with implementation of thermal energy storage and the lowest drying time 

of 9 hours. For the same mass flow rate the drying of whole figs gives lower efficiency 

of about 22% and increase in the drying time up to 14 hours. 
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I. INTRODUCTION 

Solar drying has been used since time immemorial to dry 

plants, seeds, fruits, meat, fish, wood, and other agricultural, 

forest products. In order to benefit from the free in recent 

years to develop solar drying mainly for preserving 

agricultural and forest products. However, for large-scale 

production the limitations of open-air drying are well known. 

Among these are high labour costs, large area requirement, 

and lack of ability to control the drying process, possible 

degradation due to biochemical or microbiological reactions, 

insect infestation, and so on. The drying time required for a 

given commodity can be quite long and result in post-

harvest losses (more than 30%). Solar drying of agricultural 

products in enclosed structures by forced convection is an 

attractive way of reducing post-harvest losses and low 

quality of dried products associated with traditional open 

sun-drying.  

Solar radiation in the form of solar thermal energy is an 

alternative source of energy for drying especially to dry 

fruits, vegetables, agricultural grains and other kinds of 

material, such as wood. This procedure is especially 
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applicable in the so-called “sunny belt” world-wide, i.e. in 

the regions where the intensity of solar radiation is high and 

sunshine duration is long. It is estimated that in developing 

countries there exist significant post- harvest losses of 

agricultural products, due to lack of other preservation 

means. Drying by solar energy is a rather economical 

procedure for agricultural products, especially for medium 

to small amounts of products. It is still used from domestic 

up to small commercial size drying of crops, agricultural 

products and foodstuff, such as fruits, vegetables, aromatic 

herbs, wood, etc.  

 

II. CLASSIFICATION OF SOLAR DRYERS 

 

 Passive solar energy drying systems 
(Conventionally termed natural circulation 

solar dryer systems) and  

 Active solar energy drying systems (Most 

type of which are often termed as hybrid solar 

dryer) 

Three distinct sub-classes of either the active or passive 

solar drying systems can be identified namely  

 Direct type solar dryer 

 Indirect type solar dryer 

 Hybrid type solar dryer  

Drying Principle 

Drying is basically a phenomenon of removal of liquid by 

evaporation from a solid. Mechanical methods for 

separating a liquid from a solid are not generally considered 

drying. In the following section an attempt is made to 

provide a concise overview of the fundamental principles of 

drying process for agricultural products. These principles 

are applied, in general, to mechanical conventional drying 

and here concerned mainly with solar drying. However, in 

general, must be noted that conventional drying principles 

and phenomena are independent of the type of energy used. 

Ekechukwu and Norton (1999) and Mujumdar, 2007 gives a 

comprehensive review of fundamental principles and 

theories governing the drying process. A major part of 

energy consumption during drying is for the evaporation of 

liquid water in to its vapour (2258 kJ/kg at 101.3 kPa). The 

water may be contained in the solid in various forms like 

free moisture or bound form which directly affects the 

drying rate. The commonly encountered terminologies in 

psychrometry and drying are briefly tabulated in Table 1.1. 

Moisture content is expressed either on dry or wet basis, e.g. 

moisture content in wet basis (Xw) is the weight of moisture 

per unit of wet material  

 

Xw = mw/ (mw + md), kg per kg of mixture  (1.1) 

 

And on dry basis (Xd), is expressed as the ratio of water 

content to the weight of moisture per unit of wet material. 

 

Xw = mw/ md   (1.2) 

 

Although the most convenient way to express moisture for 

mathematical calculations is on dry basis but for agricultural 

products moisture content normally is ex- pressed in wet 

basis. 

III. PROBLEM STATEMENT 

 

Technological development to produce dried fig is less 

attended in India due to the small amount of fig production. 

But still there are certain states like Maharashtra, in which 

fig cultivation and production is concentrated. Out of yearly 

total production of fig in India, near about 80% of fig 

production takes place in West Maharashtra. Considering 

the commercial value of dried fig and concentrating on 

reduction in waste, if the renewable technology is available 

for local farmers then it will be economically benefited. 

Currently available fig drying practices are economically 

not suitable for local farmers and unable to meet the 

international quality standards for dried fig. Hence it is 

necessary to develop the solar fig dryer for medium scale 

farmers which can dry the fig on daily basis at single stroke. 

This work aims to develop the solar dryer with thermal 

energy storage for fig drying by utilizing concentrated 

parabolic trough collector in order to reduce drying time. 

 

3.1 Objectives: 

 

The present work planned with following objectives  

 

1. Development and performance evaluation of 

mixed-mode forced convection concentrated solar 

dryer with thermal energy storage for fig. 

2. Study of effect on drying time with and without the 

use of thermal energy storage  

3. Determination of Moisture Loss, Moisture Content 

and Drying Rate. 

IV. DEVELOPMENT OF SOLAR DRYER 

 

The developed solar dryer consist of the different 

components like concentrating collector (PTC), thermal 

energy storage system, dryer cabinet and blower. On the 

basis of the criteria mentioned the design of the individual 

component was prepared and corresponding parameter (i.e. 

relative dimensions and material for solar concentrator, 

dryer cabinet and PCM storage) were calculated. 

 

The overall project is designed for drying of 20 kg of fig. 

Taking into consideration the drying area required for 20kg 

of fig the drying chamber is designed. Also, the fact that the 

direct sunlight is to be considered the solar drying chamber 

is designed. Then from the calculations carried out the total 

energy required for drying is calculated based on the desired 

final and initial moisture content of fig. Then the design of 

PCM storage was done for TES storage. 

 

The total heat energy to be supplied for the drying purpose 

will be the heat retracted from the thermal energy storage 

and supplied through the parabolic trough collector. But for 

knowing the exact proportionate of energy supplied from 

the either energy sources it is necessary to carry out the 

calculations of thermal energy storage initially. 

 

For the purpose of thermal energy storage Phase Change 

Material type is used. The material selected for PCM is 

paraffin wax. 
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V. TESTING METHODOLOGIES 

 

study of effect of use of thermal energy storage on the 

drying time is studied by carrying out the experiment with 

thermal energy storage and without thermal energy storage. 

The Mass Flow rate is kept 0.027kg/sec.  

Experiment was carried out on the pre-treated whole figs 

and without the use of the thermal energy storage system. 

The resulted observation are tabulated in the below. 

 

VI. RESULTS 

 
Table: Observation table without Thermal Energy Storage 

Sr. 

No. 

Time 
Drying 

Time 
I 

Whole fig (Pretreated) 

Initial 

Weight 

(W1) 

time  

interval 

t 

(Wt) 

Moisture 

Loss 

am/pm Hr W/m
2
 gm. gm. gm. 

DAY-I (23/5/18) 

1 10 0 643 50 50   

2 11 1 793 50 48.25 1.5 

3 12 2 931 50 47.2 0.85 

4 1 3 970 50 45.8 0.46 

5 2 4 910 50 42.4 2.7 

6 3 5 760 50 40.18 1.12 

7 4 6 550 50 37.74 1.26 

8 5 7 455 50 34.26 2.05 

DAY II (24/5/18) 

1 10 7 653 50 32.15 2.11 

2 11 8 813 50 30.24 1 

3 12 9 950 50 29.1 0.35 

4 1 10 990 50 27.1 0.8 

5 2 11 920 50 26.1 0.7 

6 3 12 772 50 24.18 1.03 

7 4 13 568 50 22.95 0.35 

8 5 14 465 50 21.7 0.44 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The minimum drying required for whole figs for drying is 

14.30 hours for the maximum mass flow rate of 0.027kg/sec.  

 

VII. CONCLUSION 

 

From the above experiment performed on the whole figs 

with and without use of Thermal Energy storage. It can be 

seen that the Moisture loss is more using the thermal energy 

storage and it is less without using Thermal Energy Storage.  

Further it can be stated that if the mass flow rate and solar 

radiation has more emphasis on the drying time and 

moisture loss rate. 
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