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Abstract— In recent years solar energy reached its 

remarkable edges. Solar drying help to remove moisture 

content from the product and prevent the product for long 

time. The opportunity to produce highly efficient marketable 

product can be produced and it will be improving the quality 

o agricultural product and farmer economic situation. 

However, cost reduction to make concentrating solar power 

and nanoparticles with traditional energy technique. In our 

project we compare the efficiency of the outlet hot air with 

nanoparticles and without nanoparticles. Copper and 

Aluminum nanoparticles are mixed with black paint coating 

inside the collector.  
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I. INTRODUCTION 

Solar energy technology is developed in recent years, because 

solar energy reached remarkable edge in worldwide. Solar 

energy used as alternative for fuel fossils like petroleum. 

Solar energy is renewable energy and energy will have 

produced anywhere.it is most abundant one and both 

available from both direct and 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 vital element for the indirect and 

mixed modes of solar dryers. [1]. 

Solar air dryer one type of solar energy powered 

system, it helps to dry the wet products like seeds, onion, 

chilly, banana etc. Solar heating technology is used to dry the 

agricultural products. A solar collector consists of absorber 

plate, transparent glass black paint coating and Nanoparticles 

coating. The absorber plate coated with plate paint absorb and 

capture radiation power from the sun and transfer this thermal 

energy converted to air via three modes of heat transfer. Solar 

insulation covered the heat energy into the collector box. 

Removal of moisture content from inside of the 

material surface and then remove the moisture content from 

drying material surface is called drying of materials. Solar 

drying methods are usually classified to four categories 

according to the mechanism by which the energy, used to 

remove moisture, is transferred to the product [2]: 

 Direct solar dryers: In these dryers, the material to be 

dried is placed in an enclosure, with transparent covers 

or side panels. Heat is generated by absorption of solar 

radiation on the product itself as well as the internal 

surfaces of the drying chamber. This heat evaporates the 

moisture from the drying product and promotes the 

natural circulation of drying air. 

 Indirect solar dryers: In these dryers, air is first heated in 

a solar air heater and then ducted to the drying chamber. 

 Mixed-type solar dryers: The combined action of the 

solar radiation incident directly on the material to be 

dried and the air pre-heated in the solar air heater 

furnishes the energy required for the drying process. 

II. SOLAR AIR DRYER 

Solar air dryer consists of a solar air collector, drying 

chamber, blower. Solar air collector for heating the 

atmospheric air and the drying chamber to dry the agricultural 

product from wet content to dry content and a chimney for 

exhausting the air. The lower side of the collector box fixed 

with aluminium sheet painted in black paint coating, black 

paint coating with aluminium oxide, black paint coating with 

cupric oxide and the combination of both Nanoparticles. 

Aluminium chips are spreader over the absorber plate for the 

purpose of decreasing air moment and increase the hot air 

capacity. The collector box placed at an angle of 24°.The 

upper side of the collector box placed with transparent glass 

for the purpose of heat absorbing capacity. The collector 

outlet hot air sent into the drying chamber to dry the 

agricultural product as shown in fig no.2 

 
Fig. 2: Solar Air Dryer 

A. Madhlopaet al. [3] developed an indirect type natural 

convection solar dryer integrated with collector storage and 

biomass-backup heaters (Figure-2). The major components 

of the dryer were biomass burner (with a rectangular duct and 

flue gas chimney), collector-storage thermal mass and drying 

chamber (with a conventional solar chimney). They tested the 

dryer in three modes of operation (solar, biomass and solar-

biomass) by drying twelve batches of fresh pineapple, with 

each batch weighing about 20 kg. They concluded that the 

thermal mass was capable of storing part of the absorbed solar 

energy and heat from the burner. It was possible to dry a batch 

of pineapples using solar energy only on clear days. In case 
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of solar-biomass mode of operation, drying proceeded 

successfully even under unfavourable weather conditions. In 

this operational mode, the dryer reduced the moisture content 

of pineapple slices to 11% (db) and yielded a nutritious dried 

product. The average values of the final-day moisture pickup 

efficiencies were 15%, 11% and 13% in the solar, biomass 

and solar-biomass modes of operation respectively. 

SubarnaMaitiet al. [4] designed and developedan 

indirect, natural convection batch-type solar dryer fittedwith 

north-south reflectors. They concluded that with the help of 

reflectors, the collector efficiency without load was enhanced 

from 40.0% to 58.5% under peak conditions during a typical 

day. They dried ‘papad’ -a popular Indian wafer with desired 

extent of drying (ca.12%, wet basis) which could be achieved 

within 5 h in this static dryer having 1.8 m2 area of the 

collector and computed loading capacity of 3.46 kg. 

However, they concluded that the design of operation with 

reflectors may need to be suitably modified as it may cause 

casehardening in case of certain food items. 

Othienoet al. [5] developed an indirect solarmaize 

dryer. The dryer consisted of a single glazed passive solar air 

heater with 1 m2 single flat-plate collector. The air heater was 

connected to an insulated drying cabinet equipped with a 

chimney. The entire dryer assembly was made from 

hardboard. To improve the efficiency, air heater was 

modified with a wider air gap (15 cm) to accommodate three 

layers of wire-mesh absorber between the glazing and the 

flat-plate absorber. The dryer was capable of drying 90 kg of 

wet maize from a moisture content of about 20% wet basis to 

12% within 3days on a sunny day. 

A.A. El-Sebaii [6] designed an indirect type natural 

convection solar dryer (Figure-5). The system consists of a 

flat plate solar air heater connected to a cabinet acting as a 

drying chamber. The air heater is designed to be able to insert 

various storage materials under the absorber plate in order to 

improve the drying process. Sand is used as the storage 

material. They conducted drying experiments with and 

without storage materials for drying various fruits. They 

found that the equilibrium moisture content for seedless 

grapes was reached after 60 and 72 h when the system is used 

with and without storage material, respectively. Therefore, 

the storage material reduced the drying process by 12 h. 

K.P. Vijayakumar et al. [7] developed and tested a 

new type of efficient indirect natural convection solar dryer. 

In this dryer, the product was loaded beneath the absorber 

plate, which prevented the problem of discoloration due to 

irradiation by direct sunlight. Two axial flow fans, provided 

in the air inlet, were used to accelerate and control the drying 

rate. They loaded the dryer with 4 kg of bitter gourd having 

an initial moisture content of 95% and concluded that the 

final desired moisture content of 5% was achieved within 6 h 

without losing the product colour, while it was 11 h for open 

sun drying. They finally concluded that the quality of the 

dried products was on par with the branded products available 

in the market. 

III. SOLAR DRYER 

Solar dryer is the simple devices used to collect the solar 

radiations and transfer that radiation in the form of heat 

energy and this heat energy then transfer to product for 

drying. 

A. Classification of Solar Dryer 

Solar dryers configure with many modes of heat transfer and 

construction. Therefore, it is difficult to classify the solar 

dryer. Solar dryer is classified with drying process, mode of 

heat transfer, air movement, material to be dried, types of 

operation e.g., batch or continuous, etc. Ekechukwuand 

Norton (1999) present a complete classification according 

partly to the type of dryer. BabaganaGutti et. al. also 

represents the complete classification of solar dryer (2012). 

Solar dryer broadly classified by mode of air movement in the 

collector and drying chamber. 

B. Natural Circulation Solar Dryer 

In natural circulation solar dryers, the product is stored in the 

cabin or hot box units. Where heating method is either direct 

or indirect type depend on the final product quality. Heating 

takes place by natural convection, solar radiation through the 

transparent cover or in a solar air heater. The natural 

circulation type solar dryers are in expensive in constructions, 

easy to install and operate. 

1) Cabinet Type Natural Circulation Solar Dryer: 

D. R. Pangavhave and R. L. Sawhney (2002) represent the 

simplest cabinet type solar dryer shown in fig.5 a). This is a 

small box generally made from easily available wooden 

material. Front, Side and rear panel are provided with holes 

for circulation of air. The base of box is made from the wire 

mesh wooden trays [9, 10] O.V. Ekechukwu and B. Norton 

(1999) represent the modified cabinet dryer. It equipped with 

a wooden plenum to guide the air inlet and a long plywood 

chimney to enhance natural-circulation [11]. 

A. Saleh and I. Badran were designed, developed 

and tested the domestic solar dryer with transparent external 

surfaces. Thin method used to describe the drying phenomena 

regardless of the controlling mechanism. The experimental 

set up used to estimate the drying period for several products. 

The performance was tested under different operational 

conditions and Simple design of Cabinet Solar Dryer 

Experimental set up developed by A.R. Celma and F. 

Cuadros for olive mill wastewater (OMW)[10].Thin-layer 

drying characteristics were experimentally investigated. 

Experiments were conducted on two local herbs, Jew’s 

mallow and mint leaves. System was use the solar tracking 

mechanism [12] 
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IV. TYPES OF COATING 

Black paint coating on the absorber plate, Black paint coating 

with Aluminium oxide, Black paint coating with cupric oxide 

and the black paint coating with combination of both 

aluminium and cupric oxide. 

V. PERFORMANCE ANALYSIS OF SOLAR AIR DRYER 

A. Black paint coating 

B. Black Paint Coating WithCuO Oxide 

 

C. Black paint with aluminium oxide 

 

D. Black paint coating with CuO & Al2O3 oxide 

VI. RESULT & SUMMARY 

 
Black paint coating analysis process, the mass of the sample 

was reduced from 250g to 168g for 7 hours drying process. 

Black paint coating with cupric oxide analysis process, the 

mass of the sample was reduced from 250g to 139g for 7 

hours drying process. Black paint coating with aluminium 

oxide analysis process, the mass of the sample was reduced 

from 250g to 145g for 7 hours drying process. Black paint 

coating with aluminium oxide and cupric oxide analysis 

process, the mass of the sample was reduced from 250g to 

124g for 7hours drying process. 

Thus, the collector box efficiency and drying 

chamber efficiency has been increased by using CuO& 

Al2O3 oxide with black paint as shown in table no.6.1 

Analysis process 

Collector 

efficiency 

(%) 

Drying 

chamber 

efficiency (%) 

Black paint coating on 

the absorber plate 
21.91% 15.53% 

Black paint coating with 

Cupric oxide 

nanoparticle 

32.37% 21.02% 

Black paint coating with 

Aluminium oxide 

nanoparticle 

42.62% 19.88% 

Black paint coating with 

Aluminium oxide 

nanoparticle and cupric 

oxide 

50.46% 23.86% 

Table 6.1: Comparative analysis of collector& Drying 

chamber Efficiency 
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