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ABSTRACT 
The use of solar thermal systems in the agricultural sector to conserve vegetables, fruits, coffee, fish and other crops has proved 
to be practical, and economical feasible. Solar heating system to dry fish, food and other crops can improve the quality of the 
product, reducing wastage of food as a result of lack of proper preservation. Fish is traditional dry in Nigeria via smoking which 
is unhygienic. The traditional method of using wood fuel has negative impact on our eco-system. In this research work, design, 
construction and optimization of a solar fish dryer were carried out. The temperature of the inner surface of the glass (dryer) 
was determined as 94.8°C. The result obtained from the design of the drying chamber shown that an area of 0.12m2 is required 
for the system. Moreover, the area of the flat plate collector was obtained as 0.49m2. The temperature of the sun acting on the 
outer surface of the plane glass was obtained as 268.4°C while the effective heat gain is obtained as 0.115kw. 
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1. INTRODUCTION 
Fish is an essential component of human diet accounting for 
65% of protein intake [1].  Due to increase in consumption of 
fish by average Nigerians, the demand for it is on the rise [2]. 
It is estimated that Nigeria imports about 29,000tons of dry 
fish annually [3], amounting to a significant outflow of 
foreign currency from the country. One major problem with 
the Nigeria fish industry is the preservation of harvested fish 
[4].  Improving the local dry fish industry can help to 
preserve fish especially during the rainy season where much 
harvest is recorded [5]. Dry fish production mainly consists 
of micro level cottage enterprises, carried out predominantly 
by petty traders, fishermen and fisherwomen as a 
supplementary source of income. As such the quantity 
produced tends to be low. Furthermore, due to the long 
drawn drying process moisture retained creates an ideal 
environment for growth [6]. The practice of drying fish in the 
open in the sun affects the hygienic conditions of the fish, 
due to the high risk of contamination with dust particles` and 
harmful bacteria [7].  
 
However, the scale of the average dry fish enterprises 
precludes the introduction of sophisticated methods of fish 
preservation [8]. The high capital requirements and the fuel 
cost of many of the high-tech driers make it unaffordable and 
impracticable for the small scale dry fish producers in 
Nigeria [9]. Moreover, social factors such as; attitudes, 
lifestyles and behaviour makes it difficult to introduce 
radical changes to conventional drying methods [10]. A 
distinct departure must be made from the age-old 
techniques of exclusively using manual aid animal labour, 
animal wastes and firewood or charcoal as the main source 
of energy [11]. Past experiences has shown that such 
methods are highly regressive to human and environmental 
conditions [12]. Thus, the use of renewable energy sources 
like solar energy in its various forms should therefore be 
encouraged in developing countries especially for 
agricultural product in Nigeria. 
 
Solar energy is seen as a pedestal for various forms of 
renewable energy [13]. It supports hydro power in which the 
hydrological cycle is controlled by the sun and wind power  
 

 
where the movement of air is cause by the heating effect of  
the sun on the environment. Generally, energy in form of; 
heat, kinetic energy, electrical energy and chemical energy 
are provided via solar energy conversion [14]. Nigeria lies 
between latitudes 40 and 140N, and longitude 20 and 150E 
of the equator, hence Nigeria is located in a tropical hot 
climate. Nigeria receives an average of about 
3.5kwh/m2/day (12.6MJ/m2/day) in the coastal latitudes 
and about 7.0kwh/m2/day (25.2MJ/m2/day) in far north of 
the country of incident solar energy [15]. In view of this 
abundant sunshine all year round, the location of the country 
within the humid tropical region and the characteristic 
isolated pattern of human settlement, Solar Photovoltaic 
(PV) technology are particularly well suited for use in 
Nigeria [13]. Thus, there is the need to tap into the Nigeria 
solar energy sector. This research work is focused on the 
design, construction, and optimization of a solar fish dryer.  
 
2. Materials and Methods  
The major components of the machine are: the flat plate 
solar collector, absorber plate, glass (transparent cover), dry 
chamber, wire gauze, insulator, carriage (roller). 
 
2.1 The Flat Plate Solar Collector 
The flat plate collector consists of; a transparent cover 
(glass), an absorber (oven baked aluminium), the insulation, 
and the container of collector body. Flat plate collector was 
fixed in a south-facing position (in the northern hemisphere) 
and tilled upward from the horizontal at an angle (Ø = 150) 
which is suitable for our design. The function of the solar 
collector is to transform the short wave radiant energy from 
the sun into thermal/heat energy. 
 
2.2 Transparent Cover (Glass) 
The function of the glass cover in the collector is to create 
greenhouse effect. Glass is highly transparent to the sun’s 
short wave radiation but completely opaque to the long 
wave radiation emitted by the heated collector plate and 
retard convective heat transfer from the plate. It is also 
unaffected by the sun’s ultraviolet radiation, which is highly 
destructive to most plastic films. 
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2.3 Absorber Plate 
The absorber plate is oven baked aluminium blackened to 
convert the incoming short wave radiation to heat. It absorbs 
both direct and diffused radiation. The surface should have 
high absorption for solar radiation and low emitted for long 
wave radiation. 
 
2.4 The Insulator (Colatex Material) 
It is used to insulate the interior parts of the solar collector 
so as to reduce heat loss from the absorber. Also the drying 
chamber is insulated to reduce excessive heat loss. Colatex is 
used as the insulator in this design because it is a good heat 
insulator and readily available at low cost. 
 
2.5 Collector Body Cover (Wood) 
The entire unit of the solar collector is designed such that the 
side body covers extends to the dryer unit. The collector 
body cover is made of wood material. It is readily available 
and a good insulator. 
 
2.6 Drying Chamber 
This is the place or space where dehydration of the fish 
occurs. The objective of dehydration is of course, to reduce 
the water content of the fish to a point where it can no longer 
support the growth of micro-organisms. Of these organisms, 
bacteria and yeasts cease to multiply in the fish when the 
water content is less than 25% of the total body weight and 
moulds when it is less than 15%. The design of the drying 
chamber was done to permit the user to use it as in-bin 
storage dryer. 
 
2.7 Wire Gauze 
This is where the fishes to be dried are spread. The products 
being dried are put on the wire gauze so that heated air from 
the collector can easily pass through the gauze and 
consequently cause drying. The wire gauze is of mild steel 
material and has high resistance to corrosion. 
 
2.8 Carriage 
A means of easy movement is attached to the system as a 
unit. A roller type tyre is fixed to the collector while a 
supporting frame is attached to it.  
 
2.9 Solar Collector Temperature 
The rate of energy radiation from the sun is given as; 

=  [16]    (1) 

 
 
 

Where; 
= Rate of energy radiation from the Sun 

= Emissivity of the Sun 

σ = Stefan Boltzman constant = 5.67×10-8 w/m2k4 
 = Temperature of radiant energy from the Sun 

 
But for the Sun, emissivity ( ) ranges from zero (0) to unity 

(1) or equal to 1 [17]   
= 5.67×10-8 T4 

 
2.10 The rate of radiant energy to be absorbed by the 

plane glass is; 
=  [20]  (2) 

 
Where; 
αg = Absorptivity of plane glass given as 0.06 [17] 

 = Ambient temperature of glass 32°C = 305k 

 
Equating equation (1) and equation (2) 

=  

5.67 × 10-8  = 0.06×5.67×10-8×3054, = 5,192,190,375 

= , = 268.4°C 

 
Thus, temperature of the sun acting on the outer surface of 
the plane glass is 268.4°C 
But, 

Qc=    (3) 

 
Where; 
Kg = Thermal conductivity of plane glass given as 1.4w/m2°C 
[17]   
Ag = Surface area on plane glass in m2 
To = Temperature of the sun is measured in °C. 
Tin   = Temperature of collector inner surface 

Qc=    (4) 

 
Where; 
ha = Convective heat transfer coefficient of air (40w/m2°C) 
Ac = Area of drying chamber 
Td = Design Temperature 70°C 
Equating equation (3) and equation (4) 

=  (5) 

 

 
Fig.1 Flat Plate Collector 

The area of the flat plate collector was calculated as; 
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2.11 Area of Drying Chamber (Ac) or Collector Box  

 
Fig. 2 Drying Chamber 

The area of drying chamber is calculated from equation (6), 

 +  (6) 

 
2.12 Solar Collector Useful Heat Gain  
The useful heat gain by the solar collected is calculated as; 

=  

 
  

 
Thus, 94.8°C is the temperature of the inner surface of the glass (dryer) 
But, 

 
Thus the useful heat gain by the solar collector is 0.119kw 
 
2.13 Effective Heat of Collector (Qc)  
The effective heat gain is given by equation (7); 
Qc  

 
Where; 
ha = Convective heat transfer coefficient of air 40w/m2°C  
Ac = Area of drying chamber (0.12m2) 
Td = Design Temperature of solar dryer which is 70°C 

 
There is a reduction in the effective heat as a result of heat absorbed by the aluminium and side heat transfer. 
 
2.14 Simulation with Solid Work 
Solid Work is a solid modeler that make use of parametric (i.e. constraints whose values can determine the geometry of the 
model) features (i.e. building blocks of the part) base approach to create models [21]. The model information is shown in 
Figure 3. 

 
Fig. 3 Model Information 
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3. Results and Discussion 
The designed and constructed solar dryer was placed on an open environment of Petroleum Training Institute, Effurun, Nigeria. 
The initial weight of the fish to be dried was taken and recorded. The fish was placed on the wire gauze which was on top of a 
pan and then placed inside the drying chamber of the solar dryer. Finally the weight of the fish was then measured at an hour 
interval and their corresponding time was recorded, using a thermometer, which was placed inside the drying chamber of the 
solar fish dryer. The results obtained were tabulated as shown in Table 1. The performance test was carried out in the month of 
June, Latitude 5ON at Petroleum Training Institute, Effurun, Delta State. 

 
Table 1 Performance Test Results 

S/N 
Initial Moisture 

Content(kg) 
Final Moisture Content 

(Kg) 
Drying Temperature 

(oC) 
Time for drying 

(hr.) 
1 3 2.9 35 8:00am – 9:00am 
2 2.9 2.8 45 9:00am – 10:00am 

3 2.8 2.6 54 
10:00am – 
11:00am 

4 2.6 2.4 68 11:00am – 12 noon 
5 2.4 2.1 69 12 noon – 1:00pm 
6 2.1 1.9 60 1:00pm – 2:00pm 
7 1.9 1.85 54 2:00pm – 3:00pm 
8 1.85 1.8 42 3:00pm – 4:00pm 

 
The design was done to achieve maximum output. The mode of operation of the combined dryer system is discussed with a 
view to establishing how best the design calculations meet with practical results obtained. Figure 4 shows the graph of 
temperature against time.  It was discovered that there is a considerable increase in temperature in the early hour of the day, 
but around 2pm the temperature was observed to drop as a results of change in weather condition. The highest temperature 
was obtained in the afternoon (1pm) while the lowest was in the morning (9am).  
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Fig. 4 Graph of Temperature (oC) against Time (hr.) 

 
Moreover, enough heat was obtained from morning (9am) to evening (4pm) as a result of temperature variation from 300C to 
800C. This is an indication that the fish can be dried properly. The temperature analysis using SolidWork is shown in Figure 5. 
The analysis pointed out the area of more and less heat concentration. The inner part of the drying chamber tends to absorbed 
more heat from the radiated sun. The colour changes from blue to green; yellow and finally red is an indication of increase in 
temperature. Thus, sufficient heat was gotten for the drying purpose. The displacement analysis is shown in Figure 6. The 
results confirmed failure in most stressed parts of the component.  Failure will occur in this part as a result of continuous heat. 
The deformation is more severe at the red portion of the analyzed component and least at the blue section. 

 
Fig. 5 Temperature Analysis using SolidWork 
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Fig. 6 Displacement Analysis using SolidWork 

 
The stress analysis of the solar dryer is shown in Figure 7. The sun radiation applied heat which in turn imposes stress on it. 
The portion with red colouration is the most stress area unlike the other sections such as blue, green, and yellow. The less 
stress area is as a result of lagging material used. 

 
Fig. 7 Displacement Analysis using SolidWork 

 
Figure 8 shows the strain analysis of solar fish dryer. The heat generated resulted to shrinkage of the component. The amount 
of shrinkage increases simultaneously with blue having the least shrinkage, and red section the most affected part. 

 
Fig. 9 Displacement Analysis using SolidWork 
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4. Conclusion 
This research work is focused on the design, construction 
and simulation of solar fish dryer. In this research work the 
useful heat gain by the solar collector was calculated and 
obtained as 0.119kw. The temperature of the inner surface 
of the glass (dryer) was determined as 94.8°C. The result 
obtained from the design of the drying chamber shown that 
an area of 0.12m2 is required for the system. Moreover, the 
area of the flat plate collector was obtained as 0.49m2. The 
temperature of the sun acting on the outer surface of the 
plane glass was obtained as 268.4°C while the effective heat 
gain is obtained as 0.115kw. Thus, there is a reduction in the 
effective heat as a result of heat absorbed by the aluminium 
and side heat transfer. An optimum drying temperature was 
achieved between 9.00am to 2.00pm.  Thus, for optimum 
performance, exposure between 9am-2.00pm is necessary. 
The outcome of the performance test show that the solar 
dryer performed perfectly okay. Therefore, the solar fish 
dryer can replaced the traditional method that is unhygienic 
and not environmental friendly.   
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