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ABSTRACT 

 

A laboratory scale forced convection based solar dryer was designed & developed for drying copra under the climatic condition of 

Coimbatore region , Tamil Nadu , India. The Solar dryer consists of a box type absorber & a drying chamber fitted with one blower. The 
north face of the dryer was kept insulated, and having door to load and unload material in trays. The experimental results show that 

reduction of drying time of copra was nearly 82% in comparison to open sun drying. The average time required to dry 1 kg copra from 

moisture content of 80% to 10.06% on wet basis was found to be 28 hours whereas in open sun drying it takes 6 days to achieve the same 
drying rate. 
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INTRODUCTION 

 

Copra is the richest source of oil (70%). 

Moisture content 52% in fresh coconuts is required 

to be reduced to 8% by drying to concentrate oil 

content. Copra is one of the most economically 

important fruit crops in the southern Iran. The 

objective of making copra is to reduce the moisture 

content of coconut kernel to a safe storage level and 

thereby prevent microbiological attack and spoilage. 

Various methods such as sun drying, solar drying, 

and traditional smoke drying, indirect drying, etc. are 

used to make copra. It is widely processed as a dried 

fruit for export to China and Taiwan. Copra is 

available year round as fresh and dried fruit. Copra is 

dried not only for preservation purposes, but also for 

modification of the taste, flavor and texture to meet 

consumer preferences and to increase market value 

of the product. 

The oil is used as a raw material for industrial, 

products and in food processing. Copra cake, the 

residue after expelling the oil, is a constituent of 

animal feed. To overcome the practical difficulties of 

open sun drying, a forced convection solar dryer was 

designed and developed in Eachanari, Coimbatore. 

The drying reaction was studied on copra and 

compared with open sun drying. 

 

2. Literature Review: 

Solar drying can be considered as an 

advancement of natural sun drying and it is a more 

efficient technique of utilizing solar energy. Many 

studies on natural convection solar drying of 

agricultural products have been reported. 

Considerable studies on simulation of natural 

convection solar drying of agricultural products and 

optimization have also been reported. However, the 

success achieved by natural convection solar dryers 

has been limited due to low buoyancy induced air 

flow.  

Nevertheless, solar drying systems must be 

properly designed in order to meet particular drying 

requirements of specific products and to give optimal 

performance. Designers should investigate the basic 

parameters such as dimensions, temperature, relative 

humidity, airflow rate and the characteristics of 

products to be dried. However, full-scale 

experiments for different products, drying seasons 

and system configurations are sometimes costly and 

impractical. The development of a simulation model 
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is a valuable tool for predicting the performance of 

solar drying systems.  

Mohanraj and Chandrasekar [1,2] have studied 

the performance of forced convection solar dryer 

integrated with heat storage materials for processing 

copra. 

G.Padmanaban et al., [3] have review that, Solar 

is one of the renewable and sustainable sources of 

power that attracted alarge community of researchers 

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 

inexpensiveequipment for the drying of agricultural 

and marine products using solar power 

evolvedthereby improving the quality of the products 

as well as improving the quality of life. The useof 

solar dryers in the drying of agricultural products can 

significantly reduce or eliminate product wastage, 

food poisoning and at the sometime enhance 

productivity of the farmers towards better revenue 

derived. In this paper a review of the solar dryer is 

presented. Thevarious design of the solar dryer is 

reported. 

Ahmed Abed Gatea designed and developed 

solar drying system for maize with V-groove 

collector of 2.04 m² area, drying chamber and 

blower. The thermal energy and heat losses from 

solar collector were calculated for each three tilt 

angles (30º, 45º, 60º). The results obtained during the 

test period denoted that the maximum gained energy 

occurred at 11 o'clock hour and then gradually 

declined since the maximum solar radiation occurred 

at this time. Other many important results found are 

the theoretical thermal energy, the experimentally 

actual heats gain increase by increasing radiation 

intensity, the maximum values occurred at the 11 am 

and then gradually declined. The energy gained 

obtained at the angle tilt 45º is higher than the 

corresponding values obtained at 60º, 30º tilt. 

Chandrakumar B  Pardhi1 and Jiwanlal L 

Bhagoria based on preliminary investigations under 

controlled condition of drying experiments 

constructed a mixed-mode solar dryer with forced 

convection using smooth and rough plate solar 

collector. 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. The thermal 

performance of solar collector was found to be 

poorer because of low convective heat transfer from 

the absorber plate to air. Artificial rib roughness on 

the underside of the absorber plate has been found to 

considerably enhance the heat transfer coefficient. 

The absorber plate of the dryer attained a 

temperature of 69.2°C when it was studied under no-

load conditions. The maximum air temperature in the 

dryer, under this condition, was 64.1°C. The dryer 

was loaded with 3 kg of grapes having an initial 

moisture content of 81.4%, and the final desired 

moisture content of 18.6% was achieved within 4 

days while it was 8 days for open sun drying. This 

prototype dryer was designed and constructed to 

have a maximum collector area of 1.03 m2. This 

solar dryer been be used in experimental drying tests 

under various loading conditions. 

A natural convection solar tunnel greenhouse 

dryer was designed and fabricated for studying the 

drying characteristics of coconuts in Pollachi region 

of Tamil Nadu. Three experimental runs with 5000 

coconuts were carried out in the dryer during the 

month of March 2014. The drying time and the 

product quality were the main deciding performance 

parameters of the dryer which are studied in 

comparison with the traditional drying method (open 

sun drying). It was found that the coconuts which has 

an initial moisture content of 53.84% (w.b.) were 

dried to final moisture content of 7.4% (w.b.) in the 

solar tunnel greenhouse dryer for a time period of 56 

hours whereas the open sun drying method took 147 

hours for the same. Also, the quality of dried 

coconuts in the solar tunnel greenhouse dryer was 

found to be free from fungal and bacterial infections 

which prove the possibility of production of superior 

quality coconuts from the dryer than that of open sun 

drying method [7]. 

 

MATERIALS AND METHODS 

 

3.1 Description of the solar dryer: 

The solar dryer consists of a glass sheet-covered 

flat plate solar collector, to simplify construction and 

reduce costs; the solar col1ector is connected directly 

to the drying tunnel without any additional air ducts. 

The top surface of the insulator in the collector is 

painted black to absorb solar radiation. The collector 

is covered with a transparent u.v.-stabilized glass 

sheet that is fixed to the col1ector frame using 

reinforced plastic clamps. For the drying tunnel, a 

wire mesh is placed on top of the insulators. A glass, 

which the product to be dried are spread, is placed on 

top of the blacked V groove sheet. This arrangement 

allows drying air to flow around the whole surface of 

the product being dried. One side of this sheet is 

fixed to the tunnel frame and the other side is fixed to 

a metal tube allowing the sheet to be rolled up and 

down for loading and unloading the dryer. This 

fixing method is designed to facilitate the 

replacement of the sheets. In general, the transparent 

sheet can be used for 1-2 yr and the air lasts for 3-5 

years. The glass is installed in the back of the 

collector to suck ambient air into the collector. The 

blower are intentionally installed below to constantly 

reduce its temperature, thus maintaining its 

efficiency. Both the collector and the drying tunnel 

are installed on concrete block substructures. 

All parts of the dryer, including the back 

insulator and metal frames are designed using a 

modular concept, which facilitates the transport and 

installation of the dryer. This solar tunnel dryer uses 

solar energy both in the thermal form for the drying 
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process and the electrical form for driving the 

blower, by means of the solar collector and solar 

module respectively. Therefore, the dryer could be 

used in rural areas where there is no supply of 

electricity. The dryer was a passive system in the 

sense that it had no moving parts. The sun rays 

entering through the collector glazing energizes it. 

The absorption of the rays is enhance by the inside 

surface of the collector that were painted black and 

the absorbed energy heats the air inside the collector. 

The greenhouse effect achieved within the collector 

drives the air current through the drying chamber. If 

the vents are open, the hot air rises and escapes 

through the upper vent in the drying chamber while 

cooler air at ambient temperature enters through the 

lower vent in the collector. 

  

 

 
 

Fig. 1: Arrangement of solar dryer 

 

3.2 Experimental Procedure: 

Experiments were carried out from 20th March 

to 28
th

 March 2015. Two kg of copra samples were 

taken, one kg for open sun drying and another one kg 

for solar drying. Initially weight was checked for the 

two different samples and moisture content of the 

copra were calculated and recorded. Then one 

sample is kept for open sun drying in a tray and the 

other one is kept in the solar dryer. Weight reduction 

for every hour is noted and the moisture content was 

calculated. 

The drying characteristics of grapes and copra 

such as moisture content, drying rate, specific 

moisture extraction rate and dryer thermal efficiency 

were determined by using formula. 

 
Table 1: Experimental outcome 

 

Day 

Initial mass 

Mi(g) 

Final mass 

Mf(g) 

Difference 

in mass 
Mi-Mf(g) 

Moisture 

content 
removal in % 

Drying 

Temperature 
ºC 

1 1050 750 320 30.47 59 

2 740 530 282 29.33 58 

3 520 383 137 26.34 57 

4 380 364 16 04.21 59 
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Fig. 2: Drying of copra in solar dryer 

 

4. Results and graphs: 

Fig 3 shows that the difference between flat plate solar dryer and square corrugated solar dryer.  

 

 
 

Fig. 3: Variation of temperature with respect to time. 

 

The variation of moisture content (wet basis) 

with drying time is illustrated in Fig.4. The higher 

moisture reduction during the initial stages of drying 

was observed due to evaporation of free moisture 

from the outer surface layers and then gets reduced 

due to internal moisture migration from inner layers 

to the surface, which results in a process of uniform 

dehydration. The reduction in moisture content at 

bottom tray was about 4 to 6% higher than that of top 

tray.
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Fig. 4: Rate of removal of moisture content for copra 

 

Figure 5 and 6 shows the variation of solar 

intensity and ambient relative humidity during 

experimentation. Maximum solar intensity recorded 

was about 520 W/m² during peak sunshine hours. 

The average dry and wet bulb temperatures recorded 

were 30°C and 26°C respectively. 

 

 
 

Fig. 5: Variation of humidity against time 
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Fig. 6: variation of solar intensity against time 

 

Conclusion: 

As today's world facing severe energy crisis, it is 

necessary to find an alternative energy source to 

replace them. The alternative can only be solar 

powered equipment‟s. Our project would 

considerable reduce some extent. Our dryer would 

help Indian farmers to dehydrate their products at 

very low cost and consume less time when compared 

to conventional drying. 

The performance of an indirect forced 

convection solar dryer with heat storage unit was 

designed, fabricated and investigated for grapes and 

copra drying. The dryer with Aluminum (trapezoidal 

corrugated) absorber plate enables to maintain 

consistent air temperature inside the dryer. The copra 

and grapes were dried from initial moisture content 

51.8% to the final moisture content about 9.7 % and 

from initial moisture content 80% to the final 

moisture content about 10.6% and 11%(wet basis)in 

bottom and top tray respectively. It could be 

concluded that, forced convection solar dryer is more 

suitable for producing high quality dried copra for 

small holders. Thermal efficiency of the solar dryer 

was estimated to be about 21.46 % with specific 

moisture extraction rate about 0.87 kg/kWh. 
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