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ABSTRACT

In developing countries such as Nigeria, large quantity of harvested crops are usually loss due
to inappropriate storage, microbial contamination, insect infestation, birds and rodents, with
the increase in demand for food due to increase in population of human and animals, this
post-harvest losses of crops has become an important issue. Most agricultural products at the
time of harvesting have high moisture content, which causes the deterioration, due to the
growth of fungi and bacteria, thus, storage of agricultural produces at safe moisture content
level omits the possibility of spoilage at ambient conditions.

Conventional drying techniques utilize air dryers that use great quantity of fossil fuel, but the
increasing prices, shortage of fossil fuels and increased environmental concern, there is need
to consider usage of renewable energy like solar energy as an alternate energy source.

In order to achieve proper and environmental friendly preservation of agricultural products,
we design and construct a domestic solar dryer, the dryer is composed of solar collector (air
heater) and a solar drying chamber which consist of trays integrated together, air allowed
through air inlet is heated up in the solar collector and channelled through the drying chamber
where it is utilized in drying. The research concluded that the dryer is best suited for
agricultural products such as onions and tomato and performs lesser for products such as

plantain.

1.0 INTRODUCTION

The preservation of agricultural products by drying is without doubt the oldest method
practised and it remains most commonly used method worldwide (Mujumdar and Devahastin,
2012), drying affects the physical parameters of food products by removal of water, thus
leading to weight reduction and increased storability (Robert et al,. 2014). Drying is a method
of dehydration of food products leading to reduction in moisture content of the agricultural
products, thus improving its shelf life by preventing bacterial growth (Garg and Prakash,
1997).
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Open sun drying is a form of drying where the food crops are directly exposed to the sun’s
radiation whereas a more advanced method, solar drying, houses the food in drying chambers
and is directly or indirectly heated by the sun, despite the numerous advantages of the solar
drying over the open sun drying, the latter is the most preferred method in the rural areas
particularly due to the fact that it is easy to execute and does not require great skill.
Unfortunately this mode of drying has many disadvantages, one of which is the poor quality
of food derived (Ekechukwu and Norton, 1998).

Conventional drying techniques utilize air dryers that use great quantity of fossil fuel, but the
increasing prices, shortage of fossil fuels and increased environmental concern stress on the
usage of renewable energy like solar energy as an alternate energy source. Heating air
electrically for drying is a good choice but it is expensive and not practicable to some extent
in rural areas of developing countries. Use of renewable energy sources to meet energy
demand ecologically sustainable system in urban and rural areas has become inevitable. The
drying systems working on renewable energy resources have been successfully demonstrated
in the domestic, commercial and industrial sector. Solar energy has the potential to meet the
energy demands for drying, particularly in tropical and sub-tropical countries, which receive
a sufficient solar radiation throughout the year. This energy could be well utilized in
agriculture for drying of crops.

This research is aimed at designing a Solar Dryer for Preservation of Agricultural Products In
Ile-Oluji

2.0 LITERATURE REVIEW

Drying of agricultural products is one of the most attractive and cost-effective application of
solar energy, numerous types of solar dryers had been designed and developed in various
parts of the world, yielding varying degrees of technical performance. The simplest of solar
cabinet dryer was reported by Fudholi et al( 2016 ), which is simple and consists essentially
of a small wooden hot box, the dimensions of the dryer is 2 m x 1 m, where the sides and

bottom were constructed from wood and metal sheets.

Gbaha et al., 2007 designed and tested experimentally a direct type natural convection solar
dryer for drying cassava, bananas and mango slices, this dryer is a simple design and can be
manufactured by farmers from local materials. It has a relatively moderate cost and is easy to
use. The thermal performance of the newly developed dryer was found to be higher compared

to open sun drying for the selected food materials.

Al-Juamily et al., 2007 constructed and tested an indirect-mode forced convection dryer for
drying fruits and vegetables in Iraq. The solar dryer consists of a solar collector, a blower and

a solar drying cabinet. Two identical air solar collectors having V-groove absorption plates of
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two air passes and a single glass cover were used. The total area of the collectors was 2.4 m>.
The dimensions of the drying cabinet were 1 m x 0.33 m x 2 m (width, depth, and height).
The cabinet was divided into six divisions separated by five shelves. The distance between
the shelves was 0.3 m except the upper one, which was 0.5 m from the roof, each shelf had
dimensions of 0.95 m x 0.3 m and was made of a metallic mesh, two types of fruits and one
type of vegetables were dried using this dryer type. The moisture content of apricot had been
reduced from 80% to 13% within one day and a half of drying. Moreover, the moisture
content of grapes had been reduced from 80% to 18% in two and a half days of drying.
Finally, the beans moisture content had been reduced from 65% to 18% in 1 day only. The

paper concluded that the air temperature is the most effective factor on drying rate.

3.0 MATERIALS AND METHOD
3.1 Components and Materials Used

The main components of the solar dryer are: drying chamber, rack and trays, chimney with
removable cover, solar panel, solar collector and hand fan (see Fig. 1 below). The materials
used for the construction includes the following; mild steel, galvanized steel and wire, wool
fibre, black painted aluminium roofing sheet, transparent glass and black/green paint.

The drying chamber had a volume of 0.3024 m® constructed with mild steel, its interior is
silver colour in order to reduce heat loss by radiation, also the interior is insulated by wool
fibre which is enclosed between the outermost layer (mild steel painted green) and the
innermost layer (silver aluminium sheet). Wool fibre was used as the insulating material to
achieve a minimal heat loss of 5% from the drying chamber. Mild steel was used for
constructing the rack which was positioned at 0.2m apart to enable easy insertion of
individual trays, the trays were constructed with mild steel and its base was made of fine wire
gauze which allows for heated air circulation and to pass through the agricultural product
being dried, the drying chamber was protected by a door which also has inner and outer
layers with wool fibre enclosed between them. Glass was used to cover the solar collector
which encloses the absorber plate (black painted aluminium sheet), this will prevent dust and
rain from coming in contact with the absorber, and it also retards heat from escaping and also
allows easy transmission of the sun rays through the absorber plate. A black painted
aluminium sheet was used as the absorber plate for easy absorption of solar radiation, this
was placed below the cover (transparent glass) to absorb the incident solar radiation
transmitted by the transparent glass (cover), thereby heating the air between it and the cover,
the interior of the solar collector was painted black improve the absorption of solar radiation,
the removable chimney was constructed with mild steel and painted green on the exterior to
reduce loss of heat
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Figure 1: The solar dryer with its components
3.2 Design Considerations and Specifications
The following assumptions were considered when constructing the solar dryer;

Geographical and Meteorological information of the location: lle-Oluji is a town in Ondo
State, Nigeria and the headquarter of Ile-Oluji/Okeigbo Local Government Area, located on
Latitude 7.201741° N and Longitude 4.867622° E and covering a land area of 698 km sq.,
with a population of 172,870 according to 2006 census. The climate is tropical with average
annual temperature and precipitation of 26°C and 230mm respectively. Agriculture and small
scale retailing is the major occupation of the populace. The town hosts the fastest growing
polytechnic (Federal Polytechnic lle-Oluji) in Nigeria.
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Also the solar radiation of the location (lle-Oluji, Ondo State) as a case study was considered
for the design. Corrosion and toxic effects were considered in the choice of materials.

3.3 Design Calculations

Solar Collector Design: Corrugated iron sheet, painted black was used for solar absorber of
the collector with thickness of 0.55 mm and it was mounted in a box constructed of the same
area, the black body of the absorber makes it a good transmitter of heat, Corrugated black
iron sheet was used because of its availability in the local market and also its low cost. A
single layer transparent glass sheet of 5 mm thickness was placed on top of the absorber at a
distance of 0.11m apart. Glass was used as glazing due to its low cost, high value of
transmittance for long and short wave radiations (80%), not flammable and have high melting
point. It also protects the absorber from wind and dust, thereby allowing solar radiation to
easily reach the absorber.

In order to achieve maximum performance of the solar dryer, the solar collector was tilted
and oriented in such a way that it receives maximum solar radiation during operation. The
angle of tilt (B) of the solar collector is given by the formula discussed by Adegoke and
Bolaji, 2000, Onigbogi et al.(2012).

Angle of Tilt () of Solar Collector/Air Heater: The angle of tilt() of the solar collector is
give by the formula below:

B =10 + latitude 6 (3.1)

The study area’s latitude @ is equal to 7.201741°N, therefore, the collector inclination angle is
equal to

10° + 7.201741°N = 17. 201741°
Performance Evaluation of the Solar Dryer

The following materials were used for the testing of the solar dryer; tomatoes, tomatoes
slicer, onion, plantain, plantain slicer, K- type digital thermometer, Pocket scale, solar panel,
hand fan.

Operation of the solar dryer: The solar dryer was placed in the open space in the direction
of solar radiation which is not obstructed from shade throughout the day and night of
operation. Solar collector was used as the main heat source. In the afternoon, when the
intensity of solar radiation was high, the solar rays are transmitted through the glass cover
and easily absorbed by the absorber plate (corrugated black iron sheet), the hot air was
transmitted into the drying chamber through the inlet window by natural and partially forced
convection system which was assisted by hand fan which gradually removes moisture in the
process.

Testing of the solar dryer: The maximum temperature of the dryer was confirmed when it is
empty, temperature of the ambient air and the drying chamber was monitored. The solar

LaYaYal



IJISET - International Journal of Innovative Science, Engineering & Technology, Vol. 09 Issue 04, April 2022
ISSN (Online) 2348 — 7968 | Impact Factor — 6.72

www.ijiset.com
dryer was loaded with onion, tomato and plantain to determine the minimum drying time
obtainable to reach a desirable final moisture content of the dried products (see Figs 2 -5).
The parameters that were monitored here include the temperature of the drying chamber and
weight of loaded tomato, onion and plantain samples at interval of drying time in order to
determine the moisture loss.

Experimental Procedure

The tomatoes, onions and plantain used for this study were obtained from the lle-oluji
market. Samples of tomatoes were cleaned and thoroughly washed and cleaned with an
absorbent paper. The tomato and onion samples were placed on the wire mesh; the plantain
was sliced as shown in Figure 2 below, the mass before drying and after drying was obtained
for tomato, plantain and onion samples in order to calculate the moisture loss.

Figure 2: Dried Sliced Plantain samples
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Figure 3: Measuring of the mass of tomato sample

Figure 4: performance testing of the solar dryer when loaded
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Figure 5: Measuring the mass of the plantain sample
Efficiency of the Solar dryer

The efficiency of the solar dryer indicates the overall thermal performance of a solar dryer
which includes the efficiency of a solar collector, the drying chamber and any other
component added to the system. The efficiency of the solar dryer was calculated by using the
formula below as described by;

Work Output 100
Work Input 71

Efficiency (%) = (3.2)
Where work output is the final mass of the crop after drying and work input is the initial mass
of the crop before drying.

For plantain samples,
1.5 100
Efficiency (%) = 67X 1 = 22%
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For tomato samples
7.9 100
Efficiency (%) = 92X 1 = 86%
For onion samples '
1.5 100
Efficiency (%) = 67X 1 = 93%

4.0 RESULTS AND DISCUSSIONS
4.1 Results

The results of the experimental performance test conducted on the solar dryer are shown in
Tables 1 - 4, Figures 6 — 9 shows the responses of the tomato, onion and plantain samples
when they were loaded into the solar dryer.

Figures 6 -9 shows that the maximum drying was experienced at 13 hours when the intensity
of the sun is highest, Figures 6 - 9 shows a typical day results of the hourly variation of the
temperatures in the solar collector and the drying chamber compared to the ambient
temperature. The temperature in the solar dryer is highest about mid-day when the intensity
of the sun is maximum. The temperatures inside the dryer and the solar collector were much
higher than the ambient temperature during most hours of the daylight; this is the effect of the
heat retentive capacity of the wool fibre which was used as the insulating material. The
temperature rises inside drying chamber for about three hours starting from 12.00hour.

It was observed that the drying rate of tomato, onion and plantain increased due to increase
in temperatures between 10.00h and 14.00h, but gradually reduces thereafter, the water
removed (moisture content loss) was higher during the period of mid-day when the
temperature is highest.

The efficiency of the solar dryer during the test period was found to be 22% for plantain
samples, 86% for tomato samples and 93 % for onion respectively.

Table 1: Mass of plantain samples and their respective moisture content losses

Time (hours) Mass (g) Mass of water removed Moisture Content
(Moisture Loss) () Loss (%)
9:00 6.7 - -
10:00 6.6 0.1 1.49
11:00 6.4 0.2 2.99
12:00 6.0 0.4 5.97
13:00 52 0.8 11.94
14:00 3.8 1.4 20.90
15:00 1.9 1.9 28.36
16:00 1.7 0.2 2.98
17:00 1.6. 0.1 1.49

18:00 1.5 0.1 1.49
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Time Drying Chamber

Upper Tray Lower Tray Collector

09:00

28.8

28.6 28.1

27.8

Table 2: Mass of tomato samples and their respective moisture content losses

Time (hours) Mass (g) Mass of water removed Moisture Content
(Moisture Loss) () Loss (%)

9:00 9.2 - -

10:00 9.1 0.1 1.09
11:00 9.0 0.1 1.09
12:00 8.9 0.1 1.09
13:00 8.6 0.3 3.26
14:00 8.3 0.3 3.26
15:00 8.1 0.2 2.17
16:00 8.0 0.2 2.17
17:00 7.9 0.1 1.09
18:00 7.9 0.1 1.09

Table 3: Mass of onions samples and their respective moisture content losses

Time (hours) Mass (g) Mass of water removed Moisture Content
(Moisture Loss) () Loss (%)

9:00 30.7 - -

10:00 30.6 0.1 0.33

11:00 304 0.2 0.65

12:00 30.2 0.2 0.65

13:00 29.7 0.5 1.63

14:00 29.2 0.5 1.63

15:00 29.0 0.2 0.65

16:00 28.9 0.1 0.33

17:00 28.8 0.1 0.33

18:00 28.7 0.1 0.33

Table 4: Summary of masses of the agricultural products

Plantain Tomato Onion

Initial Mass  Final Initial Mass  Final Initial Mass  Final Mass

(9) Mass(g) Mass(g) (9)

6.7 1.5 7.9 30.7 28.7
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10:00 29.1 28.7 28.3 28.1
11:00 37.2 36.8 36.5 36.1
12:00 39.1 38.7 385 38.2
13:00 41.4 40.4 39.9 39.4
14:00 45.7 455 45.1 44.7
15:00 47.9 475 47.1 46.8
16:00 40.1 39.8 39.5 39.1
17:00 37.9 376 37.1 36.9
18:00 35.0 34.8 34.4 33.8
Mass of plantain, tomato and onion
35 -
30 -
25 -
S0 |
?g 15 | H Plantain
= m Tomato
10 - = Onion
5 .
0 .

09:00 10:00 11:00 12:00 13:00 14:00 15:00 16:00 17:00 18:00

Time (hours)

Chart 1: Variation of mass of agricultural products during the day
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Mass of water removed for plantain, tomato and
onion
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Chart 2: Variation of mass of water removed from agricultural products during the day

Moisture Content Losses (%) for plantain, tomato and
onions
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Chart 3: Variation of percentage moisture content loss from agricultural products
during the day
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Temperature variations in the solar dryer
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Chart 4: Temperature variations of the components of solar dryer during the day

5.0 CONCLUSION

The research concluded that the dryer is best suited for agricultural products such as onions
and tomato, it performs lesser for products such as plantain. It was also discovered that, the
solar dryer performs best in the mid-day when the solar intensity is high.
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