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Abstract— Food is a basic need for all human beings along 

with air and water. Food problem arises in most developing 

countries mainly due to the inability to preserve food 

surpluses rather than due to low production. Agricultural 

yields are usually more than the immediate consumption 

needs, resulting in wastage of food surpluses during the 

short harvest periods and scarcity during post-harvest 

period. Hence, a reduction in the post-harvest losses of food 

products should have considerable effect on the economy of 

these countries. More than 80% of food  is being produced 

by small farmers in developing countries. These farmers dry 

food  products by natural sun drying, an advantage being 

that solar energy is available free of cost, but there are 

several disadvantages which are responsible for degradation 

and poor quality of the end product. Certain variety of food 

products are not supposed to be dried by natural sun drying 

because they lose certain basic desirable characteristics. 

Experiments carried out in various countries have clearly 

shown that solar dryers can be effectively used for drying 

agricultural produce. It is a question of adopting it and 

designing the right type of solar dryer 
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I. INTRODUCTION 

Fruits and vegetables constitute a major part of the food 

crops in developing countries. From the limited data 

available on post-harvest losses in fruits and vegetables, it is 

understood that the actual losses are much higher. The 

minimum reported loss is 21%, while some references 

indicate estimates of above 40–50%. The most notable 

feature is that many varieties of fruits are seasonal and many 

of them are consumed in their dried form to a large extent 

which has been made possible by the process of drying.  

Drying is quite a simple ancient skill. It is one of 

the easily accessible and the most widespread processing 

technology. Drying grapes either by open sun drying, shade 

drying or mechanical drying produces raisins. Historically, 

production of raisins from grapes can be traced back to 1490 

BC in Greece. There are sixty one countries in the world 

which grow grapes to a sizeable extent as per the final data 

of 2009 available on the website of Food and Agriculture 

Organization. The annual yield of grapes in India during 

2009 was 1,878,000 MT and the major grape growing states 

are Maharashtra, Karnataka, Punjab, Andhra Pradesh and 

Tamil Nadu. 

There are different varieties of grapes grown in 

India that are used for specific purposes. They are used in 

wine making, raisin making and for table purpose. The 

raisin purpose varieties are—Thompson seedless, Manik 

chaman, Sonaka, Black corinth, Black monukka, Arkavati, 

and Dattier. Traditional drying methods are successfully 

employed in almost all grape producing countries. Drying is 

a dual process of heat transfer to the product from the 

heating source. and Mass transfer of moisture from the 

interior of the product to its surface and from the surface to 

the surrounding air. India receives an enormous amount of 

solar energy: on average, of the order of 5 kW h/m
2
 day for 

over 300 days/ year. This energy can be used for thermal or 

electrical applications. Thermal 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. Thus, thermal 

drying involves simultaneous heat and mass transfer Drying 

is the most common form of food preservation and extends 

the food shelf life. There has been notable improvement in 

the traditional methods of drying grapes, but the quality of 

raisin produced is unable to meet the international market 

standards. In order to improve the quality of raisins, 

industrial dryers such as solar and hot air dryers were 

introduced. The main disadvantage of solar dryer is the 

availability of solar radiation for a limited period of time. 

The use of mechanical industrial dryers has been restricted 

due to the high fuel and electrical energy costs. It is also not 

economically viable to develop industrial dryers only for the 

sake of grape drying as they have a very short harvest 

period.  

II. LITERATURE SURVEY 

In solar drying, solar energy is used as either the sole source 

of the required heat or as a supplementary source [1]. Solar 

drying of grapes is achieved by different processes using a 

variety of solar dryers. The open sun drying method 

practiced since a very long time as well as the natural rack 

dryers have their own disadvantages and limitations. Many 

investigators have designed and developed their own solar 

dryer models for drying grapes. Their published 

experimental results have shown that the use of solar energy 

for drying of grapes is economically viable. Detailed studies 

have proved the superiority of solar dried grapes over 

naturally dried grapes [2-3]. Some investigators have 

designed and developed solar dryers working in different 

modes for making raisins [4-8]. Results published by certain 

investigators after carrying out drying experiments on 

grapes using solar dryers designed and developed by them 

are tabulated in Table 1. It is observed that type of dryer and 

parameters (initial moisture content, final moisture content, 

drying temperature and air velocities) chosen by each one of 

them are different. 

Jairaj et al.[9] presented paper which attempts to 

review various solar dryers developed exclusively for grape 

drying on a normal scale. Many popular varieties of solar 

dryers, certain typical models as well as traditional methods 

practiced for drying grapes are presented in this paper. 

Technical and economical results have proved that solar 

drying of grapes is quite feasible. Commercialization of 

solar drying of grapes has not gained momentum as 

expected, may be due to high initial investment and low 

capacity of the dryers. Even, the farmer’s acceptance of 

solar dryers developed is not encouraging. Exhaustive 

research and development work has to be carried out in 
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order to make solar drying of grapes economical and user 

friendly. There  has been a remarkable achievement  in solar 

drying of grapes due to sustained  research and development 

associated with the adoption of advanced technologies.  

Among the indirect type solar dryers functioning in 

natural convection mode, the dryer designed by Pangavhane 

et al.[10] is technically superior because all the important 

parameters have been taken into consideration while 

designing the collector and drying chamber The initial cost 

of this dryer is quite high when compared to its capacity. 

The dryer developed by El-Sebaii et al.[11] is technically 

sound and economical. Provision is made for sensible heat 

storage which facilitates the dryer to be used beyond 

sunshine hours .The initial investment is moderate and 

affordable by farmers.  

El-Sebaiia et.al. [11] Designed and fabricated an 

indirect-mode forced convection solar dryer. The thermal 

performance of the solar dryer under Tanta (latitude, 30° 47′ 

N and longitude, 31° E) prevailing weather conditions was 

experimentally investigated. The system consists of a double 

pass v-corrugated plate solar air heater connected to a drying 

chamber. A blower was used to force the heated air to the 

drying chamber. Drying experiments were performed for 

thymus (initial moisture content 95% on wet basis) and mint 

(initial moisture content 85% on wet basis) at an initial 

temperature of 29 °C. The final moisture contents for 

thymus and mint were reached after 34 and 5 h, 

respectively. Fourteen mathematical models of thin layer 

drying were tested to specify the suitable model for 

describing the drying behavior of the studied products. It 

was found that, Midilli and Kucuk model is convenient to 

describe the thin layer solar drying of mint. However, the 

Page and modified Page models were found to be the best 

among others for describing the drying curves of thymus. 

III. METHODOLOGY / APPROACH 

Solar drying can be most successfully employed as a cost 

effective drying technique. It has got several attractive 

features. For example, energy is available free of cost and 

can be harnessed in the site itself. Controlled drying is also 

possible by this method and it enhances the quality of dried 

product. Solar drying systems must be properly designed in 

order to meet particular drying requirements of specific 

crops and to give satisfactory performance with respect to 

energy requirements. Perishable crops like fruits and 

vegetables require continuous drying; otherwise the product 

may be vulnerable to insect attack. In order to prevent this, 

some sort of auxiliary heating mechanisms should be 

incorporated with a solar dryer. Escalating prices of fossil 

fuels prevent the large-scale adoption of fossil fuel or 

electrical based dryer among small or marginal farmers. 

Hence it is essential to develop some mechanism that could 

be able to supply energy requirements during cloudy and 

non-solar hours. Thus the intermittent, variable and 

unpredictable nature of solar energy make it necessary to 

incorporate a storage system with a solar dryer. 

IV. THEORY OF DESIGN 

A schematic diagram of the forced convection solar drier is 

shown in Fig. 1. The solar drier consists of flat plate solar 

air heater of area (100×71) mm
2
 connected with drying 

chamber. The solar air heater has 3 mm thick G.I. absorber 

plate coated with black paint to absorb the incident solar 

radiation. The absorber plate is placed directly behind the 

transparent cover (glass) with a layer of air separating it 

from the cover. The air to be heated passes between the 

transparent cover (glass) and the absorber plate. To increase 

the temperature of air by green house effect, a glass cover of 

5 mm thickness was placed. The gap between the glass and 

the absorber surface was maintained at 25 mm for air 

circulation. One side of the collector was connected to the 

blower with the help of reducer and the other side was 

attached with drier cabin. The drying chamber is made up of 

mild steel sheet of 3 mm thickness with width, depth and 

height of (762×762×889) mm respectively. The drier is 

capable of holding about 15 kg of Grapes per batch. 

The drying chamber was insulated with thermocol 

of 10 mm thickness. The solar air heater was tilted to an 

angle about 25
o 

with respect to horizontal. The system is 

oriented to face south to maximize the solar radiation 

incident on the solar collector, where the experiment was 

conducted had about 10 hours 30 min of sunshine, but 

potential sunshine duration was about 8 hours per day only. 

Three Digital thermometer are used with temperature range 

(-50 to + 80
0
C) were fixed at different locations. The solar 

intensity was measured using solar intensity meter having 

accuracy of about ± 10W/m2. A digital electronic balance of 

1 kg capacity having an accuracy of ±0.01 g was used to 

weigh the samples. 

V. LAYOUT 

 
Fig. 1: Arrangement of project

http://www.sciencedirect.com/science/article/pii/S0196890413002537
http://www.sciencedirect.com/science/article/pii/S0196890413002537
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A. Experimental Procedure: 

Only good quality Grapes were used in the experiments. 

About 15 kg of fresh Grapes were dried as whole fruits, with 

chemical treatment, until the required final moisture content 

was attained. The fresh grapes were loaded over the trays of 

drier chamber having about 80% perforation. The initial 

moisture content was calculated by taking five different 

samples. Then the air blower was switched on. The velocity 

of air at inlet of the tray was measured with the help of vane 

type anemometer. Solar intensity was measured using solar 

intensity meter. During sunshine hours the air flow over the 

absorber plate gets heated. 

During off sunshine hours, the stored energy was 

used to heat the air. Temperatures at inlet and outlet of the 

solar collector and drying chamber were measured at every 

two-hour interval. The experiments were conducted for 8 hr 

during potential sunshine hours. During idle conditions, the 

grapes were covered with polyethylene sheet to avoid 

deabsorption of moisture. All the experimental observations 

were made after the drier attains the steady state condition. 

The drying characteristics of grape such as moisture content, 

drying rate, specific moisture extraction rate are plotted in 

graphs. 

B. Design Specification and Assumption 

S/NO ITEMS 
CONDITION AND 

ASSUMPTION 

1 Location Ichalkaranji,INDIA 

2 Crop 
Grape(VitisVeofera) 

/Thomson Seedless 

3 Drying period March 

4 
Loading rate, mp 

[kg/days] 
15Kg 

5 
Initial moisture content, 

Mi [%] w.b 
79.24% 

6 
Final moisture content, 

Mf [%] w.b 
20.76% 

7 
Ambient air temperature, 

tam [degree] 
24 degree 

8 
Ambient relative 

humidity, RHam [-], 
69% 

9 
Maximum allowable 

temperature, tmax 
61 degree 

10 
Drying time (sunshine 

hours) td [hrs] 
8hr (considering sunshine hr) 

11 
Incident solar radiation, 

Ir  (W/m2) 
1100-1300  W/m2 

12 Wind speed, ws [km/hr] 5km/hr 

13 
Collector efficiency, η 

[%] 
30-40% 

C. Solar Dryer Design Considerations: 

The following point has been considered in the design of the 

natural convection solar dryer system: 

1) The amount of moisture to be removed from a 

given quantity of wet grapes.  

2) Harvesting hours for the selection of the total 

drying time. 

3) The quantity of air needed for drying. 

4) Daily solar radiation to period during which the 

drying is needed. 

5) c- The daily sunshine determine energy received by 

the dryer per day. 

6) Wind speed for the calculation of air vent 

dimensions. 

VI. CALCULATION 

The amount of moisture removed from the grapes, Mw (kg) 

was calculated by using the following equation, 

The quantity of moisture present in a material can 

be represented on wet basis and expressed as percentage. 

About 10 g samples were taken and kept in a convective 

electrical oven, which was maintained at 105±1oC until 

constant weight has reached. The initial and final mass, Mt, 

and final mass, Md, of the samples were recorded with the 

help of electronic balance. The moisture content, Mwb, on 

wet basis was calculated by using Eq. (1). The procedure 

was repeated for every one hour interval till the end of 

drying. 

Mw=Mp( Mi-Mf)/100-Mf …………………………. (1) 

Mw  =15(79.24-20.76)/100-20.76 

Mw  =11.07kg 

11.07 kg of moisture is to be removed from 15 kg of grapes 

Now, 

 Mp=mass of product to be dried=15kg 

 Mi =initial moisture content in grapes=79.24% 

 Mf =final moisture content=20.76% 

A. Final relative humidity or Equilibrium Relative 

Humidity, ERH(%) was calculated using “Sorption 

Isotherms Equation”: 

aw=1-exp(-exp(0.914+0.5639LnM)) …………………. (2) 

Where, 

M=Mf/100-Mf        ………………………….                  (3) 

   =20.76/100-20.76 

   =0.2619888 

Therefore, Ln(M)=Ln(0.2619888) =-1.339453 

So, 

 aw=1-exp(-exp(0.914+0.5639*(-1.3394453)) 

 aw=0.6902424 

ERH=aw*100 

        =69.02% 

Where, 

 M=Mass in terms of dry basis of grapes 

 aw=Water activity constant 

 ERH=Final relative humidity or Equilibrium 

Relative Humidity (%) 

1) The Quantity Of Heat Required To Evaporate The 

Water(Q), 

Q=Mw*hfg       ………………………….                       (4) 

Now, hfg=4186(597-0.56*Tpr) 

 Tpr=Product temperature=24 

 hfg=2442.78kJ/Kg 

 hfg=latent heat of evaporation 

So, 

Q=33.21*2442.78 

Q=81124.79KJ 
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2) Mass Flow Rate Of Air Is Calculated By, 

E=Ma(Hf-Hi)td       ………………………….           (5) 

 E=Q=81124.79kJ 

 Q=E=Ma(272-117.3)*8 

 Ma=81124.79/1237.6 

 Ma=65.55kg/hr 

 Ma=0.01820kg/s 

Where, 

 td=working hours=8 sunshine hrs 

3) Volumetric Air Flow Rate 

Va = ma/pa             ………………………….   (6) 

Va = 0.01820/1.27 

Va = 0.1433 m
3
/sec 

4) The Air Vent Area, Av [M2] Can Be Calculated By, 

Av = Va/Ws 

Av = 0.1433/2.22      …………………. Considering avg 

wind speed in sangli (2.2m/s) 

Av = 0.065m
2
 

The length of air vent, Lv [m], will be equal to the 

length of the dryer. The width of the air vent, Bv [m], can be 

given by 

 Bv=Av/Lv 

 Bv = 0.065/0.96 

 Bv = 0.067m 

The pressure difference across the tapioca bed will 

be solely due to the density difference between the hot air 

inside the dryer and the ambient air. Air pressure can be 

determined by equation given by 

P = 0.00308 g (ti - tam) H 

where H [m] is the pressure head (height of the hot 

air column from the base of the dryer to 

the point of air discharge from the dryer) P [Pa] is the air 

pressure; g [m/s2] is the acceleration 

due gravity and tam [
o
C] is the ambient temperature. 

P = 0.00308*9.81*(65-30)1.6 

P = 1.69 N/m
2
 

B. Blower Specification: 

 
PHOENIX (PBC40-BLOWER) 

CAPACITY- AIR VOLUME 3 m
3
/min 

 Air pressure- 400mmof water column 

 Motor Power Input- 650W 

 Speed- 13,000RPM 

 Voltage- 230v   

 Weight- 1.8kg 

 Frequency- 50Hz 

VII. CONCLUSION 

The performance of an indirect forced convection solar drier 

was designed, fabricated and investigated for grapes drying. 

The grapes was dried from initial moisture content 79.74% 

to the final moisture content about 20.76% (wet basis) in the 

bottom and top trays respectively. It could be concluded 

that, forced convection solar drier is more suitable for 

producing high quality grapes for small holders. 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. Drying time required for experiment is 30hrs by 

considering 8 hrs sunshine hr per day for 15 kg of grapes. 

VIII. FUTURE SCOPE 

By Using P.C.M. Material . We can store the energy (i.e. 

solar energy )  and use whenever is required gives maximum 

efficiency 

 
Fig. 2: Front View of setup 
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