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Abstract: Solar Energy can be utilized in different ways such as heating, producing electricity, drying etc. One of the 

main purpose is to use it for food product drying, to cope up with the increasing demand to supply ratio by increasing 

the product life or by reducing the wastage. For this purpose, an available indirect solar dryer was modified in which 

aluminium pipes were used for storing PCM which were installed below the absorber plate and tested successfully to 

dry agricultural products. Solar dryer consists of fin type multi-pass flat plate collector, Silica gel chamber, Two 

PCM chambers one installed below the absorber plate and the other at outlet of collector, a drying chamber and 

Chimney for exhaust. By using this extra PCM chamber below the collector and periodic angle adjustment for solar 

tracking increased the efficiency of solar collector from 40.29% to 60.40%. Experiments were conducted to study the 

drying characteristics of potato, grapes, fenugreek, ladyfinger, onion and bitter guard. Drying of potato on tray and with 

skewers were compared and drying of fenugreek, ladyfinger, onion and bitter guard in dryer as well as in open sun 

drying were compared. It is seen that the time for drying is reduced with the help of Solar Dryer and also the taste of the 

dried products was noted to be better compared to Open Sun drying. The setup is unique in itself since it has the 

advantage of two PCM compartments and also the dryer is versatile when it comes to drying of various types of food 

products of any shape and moisture content. 
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I. INTRODUCTION 

Preservation of agricultural produce is one of the central 

problems faced by developing countries. As time passes, 

these problems become more serious with respect to the 

i n c r e a s i n g population of these countries a n d t h e 

i r growing dietary needs. Large quantities of  fruits  and  

vegetables  spoilage are the major problem in many 

developing countries. This is d u e to insufficient 

processing capacities, inadequate infrastructure and 

marketing difficulties. M o s t o f s p o i l a g e i s d u e 

t o the traditional process of open-air drying majorly in 

tropical  and   subtropical   regions.   Drying   w i t h s u c 

h a developed product can help solve these problems, 

while also making  an  important contribution to improving 

the population's income and supply situation. Solar dryers 

require no expenditures for the fuel but certain initial 

investment for the appliances and set up. By means of 

solar energy; solar dryer heats the air to a constant 

temperature which helps the humidity extraction from 

crops in the drying chamber. 

Ventilation is provided at a constant rate through 

air inlets and outlets. Food is put in boxes with a 

transparent lid in direct sun driers. Due to the 

greenhouse effect the temperature in the drier is 

raised and the exchange of air is regulated by vents. 

On the other hand the food is not exposed to direct 

sunlight in indirect sun driers as the fresh air is heated 

separately from the food chamber.  Along with solar 

energy fossil fuel or biomass fuel is used in hybrid 

driers. A first step when considering solar drying is 

to compare the different drying options available. 

Solar drying will only  be  successful, when it shows 

tangible benefits in comparison to existing drying 

methods. In comparison to the traditional way of 

drying outside in an open field, solar dryers prevent 

contamination of produce by dust, insects, etc., 

thereby ensuring quality. They allow small-scale 

farmers to transform their harvest into storable and 

tradable goods, which they can sell 

off-season at higher prices. 

Romero et al. (2013) designed  indirect  solar  dryer of 

50 kg capacity for drying of vanilla pods. This 

research was aroused for the problem of drying the 
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vanilla pods conventionally under sun which was both 

laborious and time  taking.  The  suggested design 

included the solar absorber  made  of galvanized sheet 

metal and chamber. The research found that the drying of 

vanilla pods with indirect type took one month whereas 

the conventional method took three months  [1].  A.K.  

Bhardwaj  et al. (2017)  carried  out  experiment  for  

drying valeriana jatamansi (medicinal herb) using Indirect 

solar integrated with phase change material as Paraffin 

RT-42 in Himachal  Pradesh.  The experiment was 

carried out for five days and the final moisture content 

of the product was decreased to 9% which was 89% 

initially. The drying time required was less than shade 

drying when compared [8]. A.K. Srivastava et al. (2016) 

designed flat plate collector in which the author  used  

PCM  material as Lauric acid foe drying purpose of 

potatoes and carrot. Potatoes and carrot used were of 15 

mm diameter and thickness of two types 3mm and 5mm. 

The author came to conclusion that the drying time for 

3mm thickness food product is less  than  that of 5mm 

food product [10]. 

 

Previously Available Setup 

 
The setup of solar dryer was fabricated which consists of a 

Blower, Silica gel chamber, collector, PCM chamber, 

Dryer and Chimney. A blower of 0.373kW operating at 

12V-1A was used for blowing purpose. Solar collector of 

dimension 1.21 m X 0.76 m X 0.1778 m was made from 

aluminum sheets, as aluminum is good conductor of heat, 

is cheap and readily available. The collector was finned 

type multi pass flat plate collector. Reflectors (mirrors) 

were also used to concentrate the solar radiations. 

Silica gel is placed before the collector, its function is to 

reduce the moisture content of the incoming air from the 

blower with the help of silica balls and pass the moisture 

free air to the collector. Image No.3.3 shows the PCM 

chamber in which PCM used is Paraffin wax of 5 kg. The 

chamber is made from Plywood and for covering purpose 

glass is used. It is placed after the collector and before the 

Dryer. 

 
 
 
 
 
 
 
 
 

(a) Blower (b) Solar Collector 
 
 
 
 
 
 
 
 
 
 
 
 

(c) PCM chamber (d) Dryer Cabinet 

Figure 1: Components of old Solar Dryer 

Conclusion made after the observation and study of 
 

previously available set-up; the Collector is unable to 

provide sufficient air temperatures after sunset or during 

the off sunshine hours on a cloudy day; hence the 

temperature of outlet air falls rapidly. Also products 

having larger surface area are not dried effectively in the 

existing setup as a large portion of air is obstructed by the 

product kept on the lower trays leaving   the   upper   

products   insufficiently   dried. 

 

 
Collector efficiency drops during the off sunshine period 

as there is nothing to provide the backup heat. With this 

concluding study it is then requirement to modify the set-

up to; 

 

a) Increase the collector efficiency and compensate 

for the sudden temperature drop during off sunshine 

hours. 

b) Make  this  setup  suitable  for  drying  products 

having larger surface area. 
 

c) Validate the effect  of  separate  PCM chamber on 

the drying of products which was not done by the previous 

students. 
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II. METHODOLOGY 
 

Modification: 

 
In total 16 nos of pipes are used with 2cm spacing 

between them which are in contact with bottom of metal 

collector with following dimensions, 

Length of the pipe: 0.762m 

Breadth of the pipe: 0.04m 

Height of the pipe: 0.025m 

 

Material Selection 
 

Pipe made up of metal which is good conductor 
 

of heat will be selected and the PCM material 

will be poured  in  it.  Phase  change  material  selected 

was Paraffin wax, since it was readily available in market. 

With the requirement calculations 8 kg paraffin wax was 

used. 

 

Various    parameters    such    as    conductivity, price, 

machinability etc; were considered while selecting the 

material in which PCM was going to be stored; among 

copper, Aluminum, stainless steel & tin; Aluminium is 

found to be best suited material because of its low 

weight, easy machinability, low cost, easy availability, 

and good conductivity. 

 
 
 

III.TESTING & RESULTS 
 

TRIAL 1: Under this category two tests were conducted one 

with modified setup and one without modification. 
 
 
 

 
 

Figure 2: Comparison if collector efficiency for 

old (A) and new (B) set-up 
 

 
 

From the graph is seen that after attaching the PCM 

chamber below the collector the collector efficiency has 

increased as compared to previous setup. Efficiency A 

indicates efficiency of modified setup while efficiency B 

represents efficiency of previous setup 

TRIAL 2: Trial on Potatoes & Vegitables 
 

1. By putting the slices on the trays 

2. By keeping the slices in the skewers 

3. By keeping the vegitable slices in the multi tray 
 
 

 
 

Figure 3: Temperature variation with 

respect to time for tray 

 
Figure 4: Temperature variation with 

respect to time skewers 

 
 

For determining the suitability of modified setup for 

different vegetables, various tests were conducted on 

bitter guard, lady finger, fenugreek and onion. Also, open 

drying of same products was carried out simultaneously and 

results were obtained for both conditions. 
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Table No. 1: Comparison between Open Solar & 

Indirect Solar for items tested 

Sr. 

No 

Item Weight (kg) Time For 

Drying 

(Duration) 

  Open 

Sun 

Indirect 

Drying 

Open 

Sun 
Indirect 

Drying 

1 Lady 
Finger 

200 15 200 18 5 
(hrs) 

7 
(hrs) 

2 Bitter 
Guard 

195 15 190 10 7.3 
(hrs) 

5 
(hrs) 

3 Fenugreek 185 10 187 8 5 
(hrs) 

3.5 
(hrs) 

4 Onion 120 24 120 20 7 
(hrs) 

5 
(hrs) 

 

 
 

Figure 5:Indirect Drying for Vegitables 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 6:Temperature variation with time for 

vegetables 

Comment on Quality: From the above figures and 

graphs it is observed that the quality of the products is 

better & also the time required is less for the product to 

dry in cabinet as compared to the open sun drying except for 

the Lady Finger. 

 
 

 The  quality  of   Fenugreek   was   much 

better  in  terms  of  color  and  taste. The   

time required  for  drying  was  less 

compared to the open drying process. 

 The Onions which were dried in chamber 

were crispy and  had  a  good  texture, 

whereas open-sun dried onions were not 

remarkably good & took more time. 

 The Bitter Guard retained its original taste 

and   the color quality was also good for 

Indirect Drying. 

 The  drying  results  obtained  for   Lady 

Finger were not in favor of closed drying 

since the  air  velocity  was  around  0.8 m/s   

but  because   of  its  high   moisture 

content it requires high velocity for drying. 
 
 

IV.CONCLUSION 

 
An experimental model of an indirect type of solar dryer 

with thermal energy storage device is tested, the model is 

fabricated from plywood  and  absorber  using aluminum 

sheet. The absorber is insulated by using thermocol. The 

following observation was made. It is found that in a system 

without PCMs the temperature started following rapidly after 

sunshine hours, whereas the modified setup in which PCM 

compartment was installed is able to maintain higher 

temperature compared to previous setup. Therefore, drying 

rate was better compared to previous setup. The  PCM  

helped keep the drying rate continuous. The heat utilized to 

charge the PCM during initial stage was later on used as 

backup heat in the later stage. Also in the test conducted on 

potatoes we found that for a product like potato having 

large surface area, excess drying takes place at the lower tray 

resulting into insufficient drying of potatoes on upper trays. 

Therefore, the skewers performed better 
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than the trays in terms of drying rate and quality, as 

maximum surface was exposed  to  the  drying  air. Similar 

experiments were conducted on  grapes  which took 6 days 

to dry up to the desired quality. 

 

Tests were also conducted on Fenugreek, Bitter guard, 

Lady Finger and Onions as drying material in Indirect 

Solar Dryer as well as through Open sun drying. It is 

found that Indirect Solar Drying is better than Open Sun 

Drying except for Lady Finger. The advantage of drying is 

that, once dried the products can be stored for longer 

period and their original state can be reclaimed by 

keeping them in water for approximately 2 hours. 
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