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Abstract: - Two cabinet solar dryers of same dimensions with flat 

plate solar collector have been developed to test their 

performance for tomato drying. The experiments were carried 

out simultaneously in natural and forced convection mode under 

the same metrological conditions of Chandwad (India).The 

moisture content of tomato slices were reduced from an initial 

value of 94% (w.b) to a final value of 10% (w.b) within 9 hrs in 

forced and 12 hrs in natural convection mode. Also the mass 

content of 1000 g of tomato slices were reduced to 106 g and 

226.6 g in forced and  natural convection mode for the same 

drying period of 9 hrs. During test period, the collector efficiency 

of cabinet solar dryer in forced and natural convection mode was 

found to be 32.96% and 17.12 %. For the same period of drying, 

dryer efficiency in forced convection was higher (11.24%) than 

natural convection mode (9.94%) of drying. The main aim of this 

study was to compare the performance of solar cabinet dryer in 

natural and forced convection mode and it may be useful in 

setting drying standards for selected agro-commodities. 
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forced convection, tomato. 

I. INTRODUCTION 

n India, agriculture is the major source of living for the 

peoples. It offers impressive opportunities to encourage 

economic growth. Capitalizing on these opportunities requires 

alteration of agricultural processing systems and appliance of 

sustainable energy technologies. Drying of agricultural 

products by use of solar energy had always been of great 

importance for conservation of food due to their longer shelf 

life and availability in off-season. [1] Drying is defined as a 

process of removal of water vapors due to simultaneous heat 

and mass transfer. [2] The solar dryer is an energy efficient 

alternative in the drying processes. [3] Solar dryers are 

classified as Direct, Indirect and mixed type dryer. In direct 

type, products to be dried are directly exposed to solar 

radiation, while in indirect type, air is heated in solar air 

heater and then flows over a product bed. In mixed mode, 

products are exposed directly to solar rays and also to hot air 

flowing through them. [4] Solar dryers can be further 

classified as passive (natural convection mode) and active 

(forced convection mode) dryers. [5] In natural circulation 

type, hot air is circulated through the product naturally by 

buoyant force while in forced type; air is circulated through 

fan or blower. [6] 

 

In Nasik district vegetable crops are widely grown due to 

favorable land and climatic conditions and also closeness of 

Mumbai market where a produce is sell profitably. The main 

vegetables grown in the district are onion, tomato, potato, 

lady's finger, carrot, brinjal, fenugreek, cabbage etc. Tomato is 

a vegetable of considerable popularity and next to onion; 

tomato is widely grown in the district. Tomatoes are one of 

the important vegetables/fruits in our diet, since they are rich 

in health valued food components such as lycopene, ascorbic 

acid (Vitamin C), vitamin E, and dietary fiber. It is a versatile 

commodity that can be eaten fresh or processed to use in a 

wide collection of products to improve flavor. Dried tomatoes 

are widely used as ingredients in salads, pizzas and spicy 

dishes. They are also packed in canola oil with the addition of 

garlic, herbs and spices. Other uses for dried tomato include 

tomato spread, soups, sauces, salsa, pesto and many others. 

[7] 

The purpose of this analysis was to compare the performance 

of cabinet dryers of same dimensions (in natural and forced 

convection mode) for drying of selected commodity under the 

same metrological conditions. The comparison was done in 

terms of some parameters like moisture content variation, 

mass content variation, collector efficiencies, dryer 

efficiencies and drying rate. 

II. MATERIALS AND METHODS 

Materials 

From local market of Chandwad Tahsil fresh tomatoes were 

sorted visually by color and size. Fresh samples of tomatoes 

purchased was washed with clean water, weighed and cut in 

slices of uniform thickness by using knife of stainless steel to 

avoid blackening on the surface.  The pretreatment was given 

to the tomatoes. The initial moisture content of tomato 

samples was 94% (w.b). Tomato is a vegetable of great 

popularity and considered to be hygroscopic material. [8] 

Experimentations 

Experiments have been performed at Chandwad Tahsil, 

Maharashtra (India). [Chandwad is located at latitude 

20°31′N, longitude 74°25′E. It has an average elevation of 580 

meters.]   
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Two mixed mode cabinet solar dryers of same dimensions 

with flat plate solar air heater was designed and constructed. 

The cabinet of dryer is placed on M.S. stand and an 

inclination of 35.31
0
 with respect to horizontal is given to 

solar collector.[9] The materials which have been used for 

construction of mixed mode cabinet dryers were easily 

obtainable in local market. The design parameters dryer are 

given in table 1. The initial mass of tomato slices for each 

dryer were taken as 1000 g and loaded simultaneously on the 

trays in the drying chamber at 8.40 am. Both dryers took 

about an hour to achieve steady state conditions. The 

experiments were carried out between 9:40 am to 3:40 pm on 

sunny day of March 2014. Out of two cabinet solar dryers, 

one dryer was operated in natural convection while other in 

forced convection mode. The drying was carried out to final 

moisture content of 10% from initial moisture content of 94% 

(w.b). For this purpose readings at two hour intervals were 

recorded. 

At the end of day tomato slices were packed in a polythene 

bag and product weight was recorded. Tomato slices were 

dried to final moisture content of 10% (w.b) simultaneously in 

natural convection and forced convection mode to compare 

their performance in terms of moisture content variation, 

drying rate and efficiencies etc. 

Table1. Design parameters of solar cabinet dryer 

Parameters Dimensions 

Area of Collector 1.2 m x 0.6 m (0.72 m2) 

Collector Inclination 35.310 (latitude + 150) 

Absorber Plate MS sheet coated with black paint 

Bottom side of collector 12 mm thick wooden plate 

Blower Power 15 W D.C 

Dryer Cabinet 0.60 m x 0.32 m x 0.71 m 

Shelves (02) 0.60 m x 0.32 m x 0.012 m 

 

Instrumentations and Measurement 

K type of thermocouples was used to measure the temperature 

of air in solar collector and drying chamber at every two hours 

of interval. The relative humidity at inlet and exit of the dryer 

was recorded with the aid of digital hygrometer. Relative 

humidity of ambient air was high during morning hours due to 

cloudy conditions and gets reduced by 4% to 5% as it passes 

through the solar collector. The intensity of solar radiation 

was measured by solar meter. During experimentation solar 

intensity varies in the range of 410 W/m
2
 to 950 W/m

2
. The 

average value of 750 W/m
2 

was used in analysis.  An 

anemometer was used to measure wind speed. The drying air 

flows through the product at an average velocity of 0.20 m/s 

in natural and 0.70 m/s in forced convection mode. The mass 

losses were recorded by using electronic balance having an 

accuracy of ±0.01 g. 

Efficiency Calculations 

Collection efficiency is defined as the ratio of heat received 

by the drying air to the insolation upon the absorber surface 

and estimated by using following equation. [8] 
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Amount of heat required to evaporate the moisture inside the 

product is called as drying efficiency and estimated by using 

following equation. [10] 
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III. RESULT AND DISCUSSION 

The comparison between natural and forced convection 

cabinet dryers of same dimensions was done in terms of 

collector performance, solar dryer performance, moisture 

content variation and drying rate. The comparative analysis 

for cabinet dryer was given in Table 2. 

Solar Collector Performance 

The efficiency of solar collector depends on air flow rate, 

difference in temperature (TO – Ti) and solar insolation. For 

the same mass of product, collector efficiency in forced and 

natural convection mode was found to be 32.96% and 17.12% 

respectively. It was observed that, air velocity in solar 

collector shows definite reliance on temperature difference 

between ambient and collector outlet air. [11] The ambient 

temperature during the day varies from 29
0
C to 36

0
C, while 

the temperature of air in solar collector for both dryers was 

establish in the range of 50
0
C to 60

0
C. The average 

temperature of air in natural and forced convection mode was 

recorded to be 55
0
C and 46

0
C respectively. Highest solar 

intensity of 950 W/m
2
 was recorded during peak sunshine 

hours.  

Solar Dryer Performance 

The performance of solar dryer depends on solar insolation, 

air temperature in drying chamber and dryer design factors. 

The dryer efficiency for the same drying time of 9 hours was 

found out using Eq. 2. For the same period of drying, dryer 

efficiency in forced convection was (11.24%) higher than 

natural convection mode (9.94%) of drying. This is due to fact 

that energy gain by collector (of same aperture area) was more 

in forced convection mode since efficiency of solar collector 

depends on air flow rate, difference in temperature and 



International Journal of Research and Scientific Innovation (IJRSI) | Volume III, Issue VII, July 2016 | ISSN 2321–2705 

www.rsisinternational.org Page 51 

 

radiation intensity. The dryer also facilitated with 

recirculation of exhaust air. The temperature drop of 4
0
C to 

6
0
C and 5

0
C to 7

0
C were recorded in drying chamber of 

forced and natural convection cabinet dryers respectively.  

Table2. Comparison between natural and forced convection 

cabinet dyer 

Particulars NCSD FCSD 

Location Chandwad(latitude 20°31′N, 

longitude 4°25′E) 

Material Tomato Tomato 

Initial mass (gram) 1000 1000 

Final mass (gram) 106 106 

Initial moisture content                

(% w.b.) 

94 94 

Final moisture content             
(% w.b.) 

10 10 

Collector area (m2) 0.72 0.72 

Average Solar Irradiation 
(W/m2) 

750 750 

Average ambient              

temperature (oC) 

35 35 

Average temperature in 
collector (oC) 

55 46 

average air velocity (m/s) 0.2 0.7 

Blower capacity (W) - 15 

Total Drying time (hrs.) 12 9 

Collector efficiency (%) 17.12 32.96 

Dryer efficiency (%) in 9 hrs. 9.94% 11.24% 

 

The variation of moisture content  with drying time for natural 

and forced convection cabinet dryer was illustrated in Figure 

1.  

The moisture content of tomato slices were reduced from an 

initial value of 94% (w.b) to a final value of 10% (w.b) within 

and 9 hrs in forced convection mode and 12 hrs in natural 

convection mode. The moisture removal rate was more during 

first day of drying due to rapid evaporation of free moisture 

from the outer surface. On second day of drying moisture 

removal rate gets reduced due to internal moisture movement 

from inner layers to the surface, which results in a progression 

of consistent drying out. [10] 

 

Figure 2 shows the comparison between natural and forced 

convection cabinet dryers interms of variation of mass content 

with drying time.   

 

Figure 1. Variation of Moisture Content against Drying Time 

It was observed that for the same  drying time (9 hrs.), more 

moisture from tomatoes were removed in forced convection  

as compared to natural convection mode. This happens due to 

more rate of heat transfer in forced convection cabinet solar 

dryer.  

 

Figure 2. Variation of Mass Content against Drying Time. 

In natural convection mode, mass content of 1000 g of tomato 

slices were reduced to 469.15 gm on first day in 6 hours and 

then reduced to106 gm on second day in 6 hours. In forced 

convection mode reduction, mass content of 1000 g of tomato 

slices were reduced to 289.36 g on first day in 6 hours and 

then106 g on second day in 3 hours. However moisture 

content has increased by 1 % to 2 % during night due to de-

absorption. 

IV. CONCLUSIONS 

In this comparative study, the collector efficiency of cabinet 

solar dryer in natural and forced convection mode was found 

to be 17.12 % and 32.96%. For the same period of drying, 

dryer efficiency in forced convection was (11.24%) higher 

than natural convection mode (9.94%) of drying. The 

moisture content of tomato slices were reduced from an initial 

value of 94% (w.b) to a final value of 10% (w.b) within 12 hrs 

in natural convection and 9hrs in forced convection mode. 

Also the mass content of 1000 g of tomato slices during same 
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drying period of 9 hrs was reduced to 106 g and 226.6 g in 

forced and natural convection mode respectively. It could be 

concluded that, forced convection cabinet type solar dryer is 

more suitable for producing high value dried tomatoes for 

small holders. This comparative study might be useful for end 

user to select appropriate mode of solar drying for drying 

different agro commodities.  
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Nomenclature 

ηc    Collector efficiency in %.  

ηd     Dryer efficiency in %. 

To   Temperature at collector outlet in
0
C. 

Ti    Temperature at collector inlet in
0
C. 

m   Mass flow rate of air in kg/s. 

mw   Mass of evaporated moisture in kg. 

mp   Initial mass of product in kg. 

Mi   Initial moisture content in % wet basis. 

Mf   Final moisture content in % wet basis. 

Ac   Collector area in m
2
. 

I     Solar insolation in W/m
2
. 

CPa   Specific heat of air in kJ/kgK 

t      Time in second. 

Pd  Blower power in kW. 

NCSD    Natural convection cabinet solar dyer. 

FCSD     Forced convection cabinet solar dryer. 

 


