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Abstract.  An improvised direct passive solar dryer was designed 
and constructed using locally available materials. It was designed to 
ensure that the angle of tilt can easily be varied from time to time. 
The dryer was constructed and tested under the no load condition. It 
was set at an optimum angle of tilt as calculated for the various days 
and a maximum temperature of 54 0C was obtained for the total 
duration of three days. A maximum ambient temperature of 34 oC 
was obtained outside the dryer for equal duration.  Also a load test 
was carried out using the dryer to dry cassava chips at an optimum 
angle of tilt. Maximum temperatures of 55 oC and 36 oC were 
obtained inside and outside the dryer respectively. The initial weights 
if the Cassava dried both inside and outside the dryer were 1000 g 
respectively. The final weight inside the dryer is 400g and final weight 
outside dryer was 470 g. The final moisture content of chips dried 
inside the dryer is 11% (wet basis) while that of those outside the 
dryer is 12.5 % (wet bases). The total drying time for the cassava 
chips inside the dryer is 32 hours while chips dried outside the dryer 
took 38 hours. The results of the percentage moisture loss inside the 
dryer were compared with the percentage moisture loss outside the 
dryer, and the percentage moisture loss inside the dryer was found to 
be higher. The total cost of production of the dryer was about $500 
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Introduction 
Crop solar dryers design and utilization is gaining better acceptance in developing countries 
because of abundance of solar energy. Sambo (1995) noted that with the amount of resource 
available, renewable energy sources, especially solar and wind have prospects for agricultural 
use. The current level of research, development and demonstration activities clearly prove that 
electricity for agricultural use can be generated from photovoltaic as well as the energy 
conversion components. He further pointed out that solar dryers of both cabinet and chamber 
designs are also already for adoption as agricultural implements. Other systems that will be 
readily welcomed by agro-allied industries especially in rural areas are solar water heaters, 
solar distillers, solar cookers, wind water pumps and biogas digesters. He recommended the 
adoption of these solar systems for agricultural production in view of the prospects from these 
renewable energy systems. 
 
El- Shiatry et al. (1991) dried grains, okra, tomatoes and onion using solar dryers. Their test 
results show that the drying time was reduced significantly resulting in higher product quality 
both in terms of color and the reconstitution properties. They all believed that as compared to oil 
or gas heated dryers, solar drying facilities are economical for small holders, especially under 
favorable weather conditions. 
 
Several attempts have been made to develop solar dryers for crop drying (Alonge and Igbeka, 
1992; Alonge, 1997, Alonge, 2003, Alonge and Hammed, 2007). These solar dryers were 
developed with fixed angle of inclination based on the location. They were also without 
computer modeling techniques. It was noted that amount of insolation could increase with 
variation in angle of tilt or inclination (Alonge, 2005). 
 
Alonge and Oje (2006) developed a computer model for the optimum of slope for flat plate solar 
collectors for Nigeria major towns. These helped in the design modification of the passive solar 
in order to maximize the amount of insolation on the location. This paper presents the 
development of an improvised small scale direct passive solar dryer which can be used on the 
farm by the rural farmers and domestically at home for drying agricultural products. The paper 
presents the design and modification of a small scale solar dryer whose angle of tilt can easily 
be varied from time to time by incorporating a compass.  This would ensure maximum isolation 
at any location. 

 
Materials and Methods 
Design Considerations 
The following design factors were established for the design of the dryer 

1) The size of batch to be dried. 
2) The period of drying under stated conditions. 
3) The initial and desired final moisture content of the commodity. 
4) Climatic conditions during drying season i.e insolation intensity and duration, air 

temperature and humidity and wind speed 
5) Availability, quality, durability and price of construction materials. 
6) Drying area of collector. 
7) Drying chamber configuration, bed, depth etc. 
8) Pressure drop through the dyer. 
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Design Calculations 
1. The size of batch (taking cassava and yam for instance) assumed to be dried by the 

dryer is 15kg. 
 
2. The amount of moisture to be removed from the 15kg of wet crop in order to bring the 

moisture content to safe moisture content for storage at a specific time is estimated as 
shown below: 
Ww =Wg (Mi-Mf) ⁄ 100-Mf       (1) 
where, Ww=Amount of moisture to be removed (Kg) 
Wg =initial mass of wet crop to be dried (15kg) 
Mi= initial moisture content wet basis=53.7% 
Mf=the desired final moisture content wet basis=9.4% (Alonge and Hammed, 2007) 
Ww= 15(53.7-9.4) / (100-9.4) = 7.33Kg 

 
3. Harvesting period during which drying would be needed for yam is between October and 

December        (Alonge and Oniya, 2011). 
 
4. The daily sunshine hours during which drying can best be carried out in Ilorin is 

generally between 9am and 3pm (Alonge and Oje, 2003). This implies that the useful 
drying hours per day is 6 hours. If the batch is to be dried for four days, the total drying 
hours i.e the drying time is 24hrs. 

 
5. The average drying rate of moisture is calculated as 

Wdr = Ww⁄ td         (2) 
where td= total drying time =24hrs 

                  Wdr= average drying rate (Kg/hr) 
Ww=amount of water /moisture to be removed =7.33kg 

                  Wdr =7.33 /24 = 0.31kg/hr 
 
6. The quantity of air that would be needed for drying is determined using the equation 

below 
Ww L =WaCaρa (Ti -Tf)        (3) 
Wa= Ww L ⁄  Ca ρa (Ti-Tf)  
Where the average climatic conditions in Ilorin are stated as shown below; 

Ambient temperature of air (Tam) =27oc 
The relative humidity (RH) =70% 

When the collector is heated to about 530c, the relative humidity would be reduced to 
15.69%. Then the final temperature of the drying air would be about 31.5o (Alonge and 
Oniya, 2011). 
Wa =quantity of air required to remove 7.33kg of air from yam =2594.43kJ/kg 
L= specific heat of vaporization of water from yam crop to be dried 
Ca =specific heat capacity of air at constant pressure =1.005 
ρa  = density of drying air (Kg/m3 )=1.23kg/m3 
Ti = Temperature of heated air =53oc  
Tf   = Final temperature of drying air =31.5oC 
Wa = 7.33*2594.43/1.005*1.23*(53-31.5) =715.54m3 

 
7. The volume flow rate of air Q (m3/hr) is calculated as shown below: 

Qa = Wa / td         (4) 
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Wa = quantity of air required in m3
 = 715.54m3

  

Total drying time=24 hrs (6hrs per day for four days) 

Qa= 715.54/24 =29.81m3/hr 

 
8.  The wind speed “Vw”  

Vw = Qa / Av         (5) 
where Qa = volume flow rate of air in m3/sec = 29.81 /3600 =0.0083m3/sec 
Also the area of air vent Av is chosen based on previous by Alonge and Hammed (2007) 
to be 0.05m2. Therefore the wind speed “Vw” = 0.0083 / 0.05 = 0.166 m/s 

 
9.  The total energy required to remove 7.33Kg of moisture from the product is as shown 

below. 
= 300KJ/kgH2O * 7.33kg = 21,1990kJ = 21.99MJ   (6) 

10. The design of the collector area for four days (24hrs) drying period. Alonge and Oniya 
2010 stated that the incident solar radiation in Ilorin is averagely 21mJ/m2 day. If the 
collector is assumed to have an efficiency of 60% (for a 4mm thick glass) (Ayensu, 
1997). 

ηc = 0.6 
The amount of solar energy converted by the collector is estimated as  
0.6 * 21MJ/m2 day = 12.6MJ/m2 day     (7) 
Therefore the collector area according to Ahmad and Khan (1997) is calculated as 
shown below; 
Collector Area = ((21.99MJ) *m2 day)/ (12.6MJ *1/ 4days) = 0.44m2 (8) 
But for the design 0.48m2 is chosen so as to allow for tolerance, especially while 
adjusting. It’s also based on standard seizes for collectors. The collector depth is 
chosen to be 0.3m. This is because of availability in market. 

 
11. The dimensions for drying cabinet are chosen as shown below: 

Length “L”= 0.8m, Breadth “B”=0.6m, Height “H”=0.3m  
The volume of the drying cabinet “V”= (0.8*0.6*0.3)m3 =0.144m3 
The floor area of the dryer “A”= (0.8*0.6) m2 =0.48m2 

 
12. The dimensions of the drying tray are chosen based on the quantity of products to be 

dried. These are Length “L”=660mm=0.66m; Breadth “B”=520mm=0.52m and Height 
“H”=54mm=0.054m 

The dimensions chosen are for small scale drying. 
The volume of drying tray =L*B*H = 0.66 *0.52*0.054 = 0.0185m3 

 
13. The pressure drop “P” in the dryer is calculated using the expression: 

P= 0.0038 * T * G * H       (9) (Alonge and Hammed, 2007) 
T=change of temperature between ambient and hot air in the dryer (it is averagely a 
difference of about 15oC) 
g = acceleration due to gravity =9.81m/s2 
H= height of hot air column = 0.30m 
P =0.00308*15*9.81*0.3 = 0.14Pa = 0.14 N/m2 

The results for the design calculations above are calculated as summarized in the Table 
1 below. 
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 Table 1: Design Results 

Design Parameters                                                 Value 

Total size of batch (Cassava) 15kg 
Amount of moisture to be removed 7.33 Kg 
Total drying time 4 days (24hrs) 
Drying rate 0.31 Kg/hr 
Quantity of air needed for drying 715m3 
Volume flow rate of air 29.81m3/hr 
Area of air vent 0.05m3 
Wind speed 0.166m/s 
Total energy required to remove moisture 21.99MJ 
Collector dimensions (0.8m by 0.6m) 
Collector depth 0.3m 
Dimensions of drying tray 0.66m by 0.52m by 0.054m 
Pressure drop in dryer 0.14kN/m2 

 

Determination of the Optimum Collector Angle of Inclination 
       Alonge (2005) developed a computer simulation of direct passive solar dryers. The 
computer simulation incorporates all basic equations in solar drying. This helps to easily obtain 
the needed parameters in solar drying. It made it easy to obtain the optimum angle of inclination 
for collectors at any given location in Nigeria. Optimum angle of inclination or tilt has been 
shown to affect the amount of insolation received on a flat plate collector (Alonge and Oje, 
2006a). The optimum angle of inclination for Ilorin, Nigeria location during the test was obtained 
using the simulation result presented by Alonge and Oje (2006b). The optimum angle of 
inclination is obtained helped in incorporation of the adjustable device by the side of the drying 
chamber such that the solar dryer can easily be adjusted to the appropriate angle of inclination 
from month to month.  
 

Material Selection and Construction 
        After consideration of the design parameters, as shown in the previous chapters, the 
construction materials and components of the dryer were identified and selected. The cost, 
availability, durability and affordability of the materials were considered for the construction of 
the dryer. The final design is a compromise between performance and cost, since there would 
be no point producing a perfect solar dryer that would be unaffordable to anyone. Therefore the 
materials used are at an acceptable price to both the manufacturer and the buyer. 
       The solar dryer was constructed using locally available materials, such as wood, metal, and 
glass sheet. However, the materials to be used are properly checked to ascertain that they are 
of good quality in terms of strength, durability and efficiency.    
 

                  
Figure 1: Different views of the Passive Solar Dryer 
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Figure 2: The Side View of the Solar Dryer Showing the Compass 

 

Description of the Passive Solar Dryer 
The solar dryer was made of the following components; the glass collector, drying cabinet, 
compass, column support, beam support, air vents, butterfly nut and bolt, metal handle, the 
drying tray, solid and hollow shaft. The dryer is composed of different components as seen in 
Figures 1 and 2 above. They are described below: 
i. THE GLASS COLLECTOR: The glass collector is made of a 4 mm thick silicate glass of 

about 0.48m2. It allows the absorption of radiant energy from the sun and also minimizes 
heat that should have been lost if the dryer was not covered. 

ii. THE DRYING CABINET: The drying cabinet is made of hard wood and of dimension 800 
mm by 600 mm by 300 mm. The cabinet was constructed using nails to join the wood. 

iii. THE COMPASS (ANGLE ADJUSTER): This is made of wood and steel plate .the steel 
plate and wood used was marked out to size, and cut according to the design. It is of a 
semi circular shape. A groove was made by chain drilling the plate and wood on a 
drilling machine. The job was then properly filed to ensure good finishing. The wood and 
the steel plate are then joined together using glue and then with nails to make the joints 
stronger. 

iv. THE COLUMN SUPPORT: The column support is also made of hard wood. With a 
dimension of 95 mm by 40 mm by 900 mm. It was chosen so as to ensure tolerance and 
also based on availability in the market. The column carries the drying cabinet. A hole of 
25 mm diameter was drilled at the top of the column to serve as a hinge support for the 
dryer at both sides. 

v. BEAM SUPPORT: A beam support was placed at the lower part of both columns to help 
hold the columns firm in their various positions. 

vi. AIR VENTS: The air vents help in the circulation of air in the dryer. Air comes in from 
four air vents at the base of the dryer and moist air goes out at the air hole at the upper 
region of the dryer. The four air vents at the bottom are of square shapes. The 
dimensions are 90 mm by 90 mm. The heated air helps to remove moisture from the 
product. 

vii. BUTTERFLY NUT AND BOLT: The butterfly nut and bolt help to hold the dryer to a 
specific angle of tilt. At any point in time. A 10 mm bolt was used. 

viii. METAL HANDLE: The metal handle helps to bring the drying tray in and out of the dryer 
in the event of loading and unloading. 

ix. THE DRYING TRAY: The drying tray is used to dry crops. It has a dimension of about 
660 mm by 520 mm by 49 mm. The base which is made of wire mesh allows the 
circulation of air around the dryer. 
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x. SOLID AND HOLLOW SHAFTS: These shafts are used at the upper joints to hinge the 
drying cabinet. The solid shafts are of 20 mm diameter while the hollow shafts are of 25 
mm outer diameter and 23 mm inside diameter. For the assembly, the solid shafts fit into 
the hollow shafts and it allows the rotation of the drying cabinet. 

 

Result and Discussion 
No-load Test 
This test was carried out by taking hourly temperatures inside the dryer and under ambient 
conditions using thermometers. The test started from 8am to 6pm for each day. A typical No-
load heated air rate curve is shown in Figures 3. This is a curve of the change in temperature of 
heated air and ambient air against time. From the results obtained during the no load test, it was 
observed that the temperature of the heated air inside the dryer is higher than the ambient 
temperature. This is as a result of the angle of inclination of the dryer, the insulation of the dryer 
and the black colour paint applied to the drying cabin, which serves as an absorber. Thus we 
can conclude that the direct passive solar dryer raises the temperature to a level higher than 
that of the ambient temperature. 

 
Load Tests 
The load tests were carried with cassava chips. The cassava chips sliced were between 3 and 6 
cm. They were blanched to deactivate the enzymes before drying. About 1kg of Cassava chips 
were dried in the dryer and another was dried in the open air the results obtained are shown in 
Figures 4 and 5. It was observed that the cassava chips dried in the dryer took 32hrs of effective 
drying (four days) to reach a safe moisture content while those in the open air (sun drying) took 
longer time to dry. So also the final moisture content of the cassava chips is higher than that of 
the solar dryer. The quality of dried products obtained from sun drying is higher than that of the 
products obtained from sun drying. As spots and mould formation were observed on the sun 
dried products; this was not so with the solar dryer cassava chips. The drying was homogenous 
and uniform. Also for the load test as shown with the bar chart in Figure 5, the percentage loss 
in moisture is higher inside the dryer than for the open air-drying for the four days drying period. 

 
The Drying Rate Inside and Outside the Passive Solar Dryer  
The drying rates for the drying duration both outside and inside the dryer are shown in the bar 
chart in Figure 5. The results obtained show that initially, the drying rate was higher for Cassava 
chips dried in the dryer than for those dried in the open air. But as the test progressed the drying 
rate outside the dryer became higher than the drying rate in the dryer. This is shown in Figure 3. 
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Conclusion 
The following conclusions were reached after the design, construction and testing of the solar 
dryer. 

i. The dryer provides an efficient means of drying different types of crops at different times 
and any location. This is because the angle of tilt of the collector can easily be varied 
from time to time. 

ii. The temperature of air in the dryer under sunshine conditions is considerably higher than 
that of the ambient air, thereby making crops to dry faster in the dryer. 

iii. The dryer is portable and can easily be dismantled in the event of transportation of the 
dryer from one location to another.  

iv. During the drying test, there were number of rainfall events but the products in the dryer 
were all protected. But the outside had to be moved from the open air to a shaded place. 
Thus for the dryer, thus for the dryer, the stress of having to move products in the event 
of rainfall is eliminated. 

v. All air ducts are properly covered to prevent infestation by insect and rodents. This is not 
so with the open air drying as the products are infested by different kinds of insect. 
Rodents also have access to the product. 
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