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ABSTRACT 
 

 A laboratory scale forced convection based solar dryer was designed & developed for drying green grapes 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 grapes was nearly 79% in comparison to open sun drying. The average time required to dry 1 kg 
grapes from moisture content of 80% to 10.06% on wet basis was found to be 36 hours whereas in open sun drying it takes 7 days to 
achieve the same drying rate. 
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INTRODUCTION 

 
Grape is one of the world’s largest fruit crops. 

The world production of grapes is presently 65,486 
million tones out of which India accounts for 1.2 
million tones.  Drying the grape, either by open sun 
drying, shade drying or mechanical drying, produces 
raisins. Raisin is a source of carbohydrates and it 
contains large amounts of iron, vitamins and 
minerals. Raisins are usually included in breakfast, 
cereals, dairy and bakery as well as confectionery 
products and more recently in nutritional bars.  

India receives an enormous amount of solar 
energy, on average of the order of 5 kWh / m2day for 
over 300 days / year. Solar drying, which is most 
commonly used for drying agricultural products, 
involves vaporization of moisture within the product 
by heat and its subsequent evaporation from the 
product. Traditionally agricultural products like 
grapes are open sun dried, and are spread on the 
ground, floors or on roofs of houses and stirred once 
or twice daily. Considerable losses may occur during 
natural sun drying, due to over drying and 
contamination by dust and insect infestation. This 

results in decreased product quality and low market 
value. Hence design of a solar drying overcoming the 
above losses and contaminations becomes very 
essential. 
 
Literature Review: 

El-Sebaii and Shalaby reviewed the use of solar 
energy in recent years. The continuous research for 
an alternative power source due to the perceived 
scarcity of fuel fossils is its driving force. It had 
become even more popular as the cost of fossil fuel 
continues to rise. Of all the renewable sources of 
energy available, solar energy is the most abundant 
one and is available in both direct as well as indirect 
forms. Solar energy applications were divided mainly 
into two categories: the first is the direct conversion 
to electricity using solar cells (electrical 
applications). The second is the thermal applications. 
The latter include solar heating, solar cooling, solar 
drying, solar cooking, solar ponds, solar distillation, 
solar furnaces, solar thermal power generation, solar 
water heating, solar air heating, etc. Detailed 
description, fundamentals and previous work 
performed on solar dryers and solar air heaters, as the 
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vital element for the indirect and mixed modes of 
solar dryers, were presented in the present review 
paper[1]. 

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 [2]. 

Chandrakumar Pardhi and Jiwanlal 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 [3]. 

Mohanraj and Chandrasekar have studied the 
performance of an indirect forced convection solar 
drier integrated with heat storage material was 
designed, fabricated and investigated for chili drying. 
The drier with heat storage material enables to 
maintain consistent air temperature inside the drier. 
The inclusion of heat storage material also increases 
the drying time by about 4 h per day. The chili was 
dried from initial moisture content 72.8% to the final 
moisture content about 9.2% and 9.7% (wet basis) in 
the bottom and top trays respectively. They 
concluded that, forced convection solar drier is more 
suitable for producing high quality dried chili for 
small holders. Thermal efficiency of the solar drier 
was estimated to be about 21% with specific 
moisture extraction rate of about 0.87 kg/kW h [4]. 

Padmanaban, et al stated that the solar dryer is 
beneficial than the sun drying techniques. Solar 
dryers do have shortcomings. They are of little use 
during cloudy weather. During fair weather they can 
work too well. Although solar dryers involve an 
initial expense, they produce better looking, better 
tasting, and more nutritious foods, enhancing both 
their food value - and their marketability. They also 
are faster, safer, and more efficient than traditional 
sun drying techniques [5]. 

Mohanraj and Chandrasekar (2008) have studied 
the performance of forced convection solar dryer 
integrated with heat storage materials for processing 
copra[6]. 

 Solar food dryer is a device that can be used to 
dry food effectively and efficiently with lesser time 
compared to open-air sun drying. In order to benefit 
from the free and environmentally friendly energy 
source provided by the sun, several attempts have 
been made in recent years to develop solar drying 
mainly for preserving agricultural and forest products 
[7].  

A paper describes the design and performance of 
a solar fruit and vegetable dryer comprising of plastic 
covered plate collectors, drying chamber and 
thermally and acoustically insulated pipes joining the 
two. The experimental results suggest that, even 
under unfavorable full weather conditions, the unit is 
able to produce good quality products. However, due 
to the low investment required, the solar dryer is 
predestined for applications on small farms[8]. 

 Bala et al (1995) presented a technique for 
optimization of natural correction solar dryers. The 
optimal design was specified for the condition of 
Bangladesh. The optimum design was a relatively 
long collector, a thin grain bed and negligible 
chimney height [9].  

Tunde-Akintunde et al (2005) carried out drying 
of bell-pepper using sun, solar and artificial air 
drying methods. The drying of bell-pepper was done 
in two drying rate periods, the constant drying rate 
period (mainly) and the following drying rate period 
was more pronounced in the artificial air drying 
method than in the other two drying methods and the 
drying process was also faster [10]. 

Abakarov et al (2012) developed a fuzzy logic-
based control system for a solar dryer. Findings from 
this study would suggest that the developed fuzzy 
logic-based control system is able to tackle 
difficulties related to the control of solar drying 
process [11]. 

Movagharnejad and Nikzad (2007) modelled 
drying of tomatoes in a tray dryer covering different 
variables such as heater power and air flow velocity. 
The data were modelled using ANN and empirical 
mathematical equations. It was found that the 
predictions of ANN model fit the experimental data 
more accurately in comparison with the various 
mathematical equations [12]. 
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Chegini et al studied the effects of feed flow 
rate, inlet-air temperature, and atomizer speed, in an 
orange juice semi-industrial spray dryer. A 
supervised ANN was developed to predict seven 
performance indices based on the three input 
variables. The results confirmed that the ANN model 
was able to produce simultaneously seven outputs 
[13]. 

Because the importance of energy consumption 
amount in performance evaluation of dries, 
investigation of energy efficiency in dryers has been 
carried out by different researchers [14,15,16].  

Many researchers have used the exponential 
drying model to describe drying behavior of 
agricultural products [17]. In the past, researchers 
have solved analytically several inter-dependent 
quasi-steady state energy balance equation for 
performance prediction of solar dryers [18]. 

Janjai and Tung (2005), developed a solar dryer 
for drying herbs and spices using hot air from roof 
integrated solar collectors. The dryer was used to dry 
rosella flower and lemon-grasses. With this dryer, 
200 kg of rosella flowers and lemon-grasses can be 
dried within 4 and 3 days, respectively Hot air is 
supplied to the dryer from fiberglass-covered solar 
collectors, which also function as the roof of a 
farmhouse. They noted that the solar air heater had 
an average daily efficiency of 35%. However, the 
solar collectors have to be cleaned from time to time 
to eliminate the deposits of dusts [19].  
 
Materials and Methods 

 
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 is 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 
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 
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Experimental Procedure: 
Experiments were carried out from 20th March 

to 28th March 2015. Two kg of grapes 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 

grapes 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.

 
Hours Initial Mass (g) Final Mass (g) Difference in mass 

(g) 
Moisture content 
removal in %  

Drying Temperature 
(oC) 

0 1080 1080 0 0 60 
6 1080 850 230 21.29 61 
12 1080 665 185 38.42 62 
18 1080 521 144 51.75 57 
24 1080 420 108 61.11 60 
30 1080 350 730 67.59 59 
36 1080 190 890 82.40 61 

 

    
Fig. 2: Grapes (before Drying)                                            Fig. 3: Grapes (after Drying) 
 
Results and graphs: 

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.

 

 
 
Fig. 4: Rate of removal of moisture content for grapes 

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

 
Figure 6 shows that, forced convection solar 

dryer is more suitable for producing high quality 
dried grapes 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. 
 
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 grapes 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. 
 
References 
 
1. Sebaii, A.A.E., S.A. Enein, M.R.I. Ramadan, 

S.M. Shalaby and B.M. Moharram, 2011. 
“Investigation of thermal performance of-double 
pass-flat and v-corrugated plate solar air 
heaters,” Energy, 36: 1076-1086. 

2. Ahmed Abed Gatea, 2011. Performance 
evaluation of a mixedmode solar dryer for 
evaporating moisture in beans,‖ Journal of 

Agricultural Biotechnology and Sustainable 
Development, 3(4): 65-71. 

3. Chandrakumar, B., Pardhi, Jiwanlal L. Bhagoria, 
2013. ―Development and performance 
evaluation of mixed-mode solar dryer with 
forced convection‖, International Journal of 
Energy and Environmental Engineering. 

4. Mohanraj, M., P. Chandrasekar, 2009. 
“Performance of A Forced Convection Solar 
Dryer Integrated With Gravel As Heat Storage 
Material For Chili Drying”, Journal of 
Engineering Science and Technology, 4(3): 305-
314.    

5. Padmanaban, G., P.K. Palani, S. Dharmalingam, 
2015. “A Review on Solar dryer performance 
reaction on products”, International Journal of 
ChemTech Research, 8(1): 098-104. 

6. Mohanraj, M. and P. Chandrasekar, 2008. 
“Comparison of Drying Characteristics and 
Quality of Copra obtained in a Forced 
Convection Solar Dryer and Sun Drying”, 
Journal of Scientific & Industrial Research, 67: 
381-385.   

7. Taylor and Francis, 2006. Handbook of 
industrial drying. E-book accessed on the 30th of 
May 2013.  

8. Sharma, K., A. Colangelo and G. Spagna, 1993. 
Experimental performance of an indirect type 
solar fruit and vegetable dryer. Energy 
Conversion and Management., 34(4): 293-308.  

9. Bala, J., K. De-Jong, J. Huang, H. Vafaie and H. 
Wechsler, 1995. Hybrid learning using genetic 
algorithms and decision trees for pattern 
classification. Proceedings of the International 
Joint Conference on Artificial Intelligence, 
Montreal, August., pp: 719-724.  

10. Tunde-Akintunde, Y., J. Afolabi and O. 
Akintunde, 2005. Influence of drying methods 
on drying of bell-pepper (Capsicum annuum). 
Journal of Food Engineering, 68(4): 439-442.  

11. Abakarov, A., T. Jiménez-Ariza, E.C. Correa-
Hernando, B. Diezma, F.J. Arranz, J. Garcia-
Hierro, J.I. Robla and P. Barreiro, 2012. Control 
of a solar dryer through using a fuzzy logic and 



154                     G.Padmanaban et al, 2015 /Journal Of Applied Sciences Research 11(23), December, Pages: 149-154 

 

low-cost model-based sensor.International 
Conference of Agricultural Engineering, CIGR-
Ageng 2012, Valencia-España. 

12. Movagharnejad, K. and M. Nikzad, 2007. 
Modeling of tomato drying using artificial neural 
network.Computers and Electronics in 
Agriculture, 59(1-2): 78-85. 

13. Chegini, G.R., J. Khazaei, B. Ghobadian and 
A.M. Goudarzi, 2008. Prediction of process and 
product parameters in an orange juice spray 
dryer using artificial neural networks. Journal of 
Food Engineering, 84(4): 534-543. 

14. Arjona, R., P. Ollero and F.B. Vidal, 
2005.Automation of an Olive Waste Industrial 
Rotary Dryer. Journal of Food Engineering, 68: 
239-242. 

15. Othman, M.Y.H., K. Sopian, B. Yatim and 
W.R.W. Daud, 2006. Development of advanced 
solar assisted drying systems. Renewable 
Energy, 31(5): 703-709. 

16. Bagheri, N., A. Keyhani, S.S. Mohtasebi, R. 
Alimardani, S. Rafiee and G.H. Mansoori, 2011. 
Design, construction and evaluation of fan speed 
controller to optimize the overall energy 
efficiency in a forced convection solar dryer. 
Journal of Agricultural Science and Technology 
(JAST), 13(4): 503-515. 

17. Inci, T.T. and D. Pehlivan, 2004. Modeling the 
thin layer drying kinetics of some fruits under 
open air sun drying process. Journal of Food 
Engineering, 65(3): 413-25. 

18. Goyal, R.K. and G.N. Tiweri, 1999. 
Performance of a reverse flat plate absorber 
cabinet dryer: a new concept. Energy 
Conversion and Management.Portuguese 
(Brazil), 40(4): 385-392. 

19. Janjai, S. and P., 2005. Tung.Performance of a 
solar dryer using hot air from roof- integrated 
solar collectors for drying herbs and spices”, 
Renewable Energy, 30(14): 2085-2095. 

 
 


