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ABSTRACT 

 

The solar “Kilishi” dryer developed here will eliminate the problems encountered in 
traditional methods of “Kilishi” drying. These problems include longer drying time and 

contamination from the environment. The solar “Kilishi” dryer was made up of: flat plate 
collector, duct, fan, temperature controller and drying chamber. The collector collects 

solar radiation and transmits heat to the space behind the absorber plate. The heat was 

transported to the duct; a fan at the drying chamber inlet blows the hot air into the drying 
chamber. Each component of the dryer was designed, constructed and assembled 

appropriately. The dryer was tested, the following parameters ware measured and 
recorded; absorber plate temperature, glass temperature, ambient temperature, drying 

chamber air inlet temperature and relative humidity, drying chamber outlet temperature 

and relative humidity and solar radiation at 30minutes intervals. Mass of meat was 
measured and recorded at 2hours interval from which the moisture content of the meat 

was calculated. When the moisture content was 14%, the meat was removed from the 

drying chamber and soaked in a prepared mix-powder solution for 30 minutes. The meat 

was returned to the drying chamber and the drying process continues. When the moisture 

content was 7%, the “Kilishi” was removed from the dryer and is ready for packaging. 
From the test results, the average collector efficiency was 74% and the overall system 

efficiency was 21% and drying time was nine hours. 

SIGNIFICANCE: The significance of the 

research work is that contamination and bacterial 

growth on the “Kilishi” is eliminated. Drying 

time was significantly reduced from seven days 

to nine hours. Employment opportunities will be 

created. 
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Nomenclature 
 

   𝐴𝑐 = 𝐶𝑜𝑙𝑙𝑒𝑐𝑡𝑜𝑟 𝐴𝑟𝑒𝑎 𝑚2 ;      𝐸 = 𝐻𝑒𝑎𝑡 𝐸𝑛𝑒𝑟𝑔𝑦 𝑘𝐽 ;        
  𝐼 = 𝑆𝑜𝑙𝑎𝑟 𝑅𝑎𝑑𝑖𝑎𝑡𝑖𝑜𝑛 𝑘𝐽 𝑚2  ;     𝜂 = 𝐸𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦; 
𝑊 = 𝑀𝑤 = 𝑀𝑎𝑠𝑠 𝑜𝑓 𝑤𝑎𝑡𝑒𝑟 𝑟𝑒𝑚𝑜𝑣𝑒𝑑 𝑘𝑔  ;    
 𝐿 = 𝑓𝑔 = 𝐿𝑎𝑡𝑒𝑛𝑡 𝑒𝑎𝑡 𝑜𝑓 𝑣𝑎𝑝𝑜𝑟𝑖𝑠𝑎𝑡𝑖𝑜𝑛 𝑜𝑓 𝑤𝑎𝑡𝑒𝑟(𝑘𝐽 𝑘𝑔) ; 

𝑀𝑐 = 𝑀𝑎𝑠𝑠 𝑜𝑓 𝑀𝑒𝑎𝑡 𝑘𝑔      𝜔𝑐 = 𝐼𝑛𝑖𝑡𝑖𝑎𝑙 𝑚𝑜𝑖𝑠𝑡𝑢𝑟𝑒 𝑐𝑜𝑛𝑡𝑒𝑛𝑡 % ;   
    𝜔𝑓 = 𝐹𝑖𝑛𝑎𝑙 𝑚𝑜𝑖𝑠𝑡𝑢𝑟𝑒 𝑐𝑜𝑛𝑡𝑒𝑛𝑡(%) ;  

𝑇1 = 𝐼𝑛𝑖𝑡𝑖𝑎𝑙 𝑡𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒 ℃  ;   𝑇2 = 𝐹𝑖𝑛𝑎𝑙 𝑡𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒 ℃ ;    Δ𝑥 = 𝑇𝑖𝑐𝑘𝑛𝑒𝑠𝑠  𝑚 ;   
 𝜂𝑐 = 𝐶𝑜𝑙𝑙𝑒𝑐𝑡𝑜𝑟 𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦;      𝜏𝛼 = 𝑇𝑟𝑎𝑛𝑠𝑚𝑖𝑠𝑠𝑖𝑣𝑖𝑡𝑦 𝑎𝑛𝑑 𝑎𝑏𝑠𝑜𝑟𝑝𝑡𝑖𝑣𝑖𝑡𝑦 𝑜𝑓 𝑡𝑒 𝑐𝑜𝑙𝑙𝑒𝑐𝑡𝑜𝑟;   
 𝑈𝐿 = 𝑂𝑣𝑒𝑟𝑎𝑙𝑙 𝑒𝑎𝑡 − 𝑡𝑟𝑎𝑛𝑠𝑓𝑒𝑟 𝑐𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡;    𝑇𝑝 = 𝑃𝑙𝑎𝑡𝑒 𝑡𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒; 

  𝑇𝑎 = 𝑎𝑚𝑏𝑖𝑒𝑛𝑡 𝑡𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒;   𝑘 = 𝑡𝑒𝑟𝑚𝑎𝑙 𝑐𝑜𝑛𝑑𝑢𝑐𝑡𝑖𝑣𝑖𝑡𝑦 (𝑊 𝑚2 ℃)  

𝜂𝑠𝑦𝑠 = 𝑆𝑦𝑠𝑡𝑒𝑚 𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦;     𝑃𝑓 = 𝑃𝑜𝑤𝑒𝑟 𝑐𝑜𝑛𝑠𝑢𝑚𝑒𝑑 𝑏𝑦 𝐹𝑎𝑛𝑠  𝑊𝑎𝑡𝑡𝑠 ; 
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1.0 INTRODUCTION 
 

“Kilishi” is a food delicacy usually produced in 

West Africa with Nigeria being the largest 

producer. It is produced through systematic 

processing of thin slice of meat and dying it to 

the desired edible quality. The meat is first dried 

under the Sun, and then soaked in a mix-powder 

solution. The soaked meat is returned to the Sun 

for further drying. The solar “Kilishi” dryer 

developed (Figure 1) was made up of the drying 

chamber, a fan, duct and solar collector. Air 

enters the solar collector through the lower side 

of solar collector. On passing through the 

collector, the air is heated. Electric fan located at 

the inlet of the drying chamber blows and 

distribute the air into the drying chamber. The air 

absorbed moisture from the meat in the drying 

chamber and transport it to the top of the drying 

chamber. The drying process was carried out in 

two stages: in stage 1, meat was first dried to 

moisture content of 14% and then soaked in mix-

powder solution. Stage 2 involves drying the 

soaked meat to a final moisture content of 7%. 

Today, solar energy is being used to dry meat 

and other agricultural products, to provide space 

heat in cold seasons or to create ventilation in 

homes.  

 

 

Figure 1: Solar “Kilishi” Dryer 

 

Sokoto Energy Research and Development 

Centre developed meat/fish dryer using flat plate 

collector. The design basically is the same as that 

of box-type solar cooker (Manukaji, 1990). 

Abdullahi and Umar (2006) developed a slicing 

and mixing machines for “Kilishi” processing. 

The operation time at full capacity of the mixing 

machine was 3 minutes and the slicing machine 

could produce a slice with dimensions 7 cm x 7 

cm x 3 mm in 25 seconds. 

A partnership between the university of Benin, 

The Raw Materials and Development Council 

and Wilberforce University, in Ohio, United 

State of America, developed a model of “Kilishi” 

factory at the University of Benin where batches 

of “Kilishi” could be processed in less than 8 

hours (compared to one week by traditional 

methods) (Ibhadode, 2005). 

 

2.0 DEVELOPMENT AND EVALUATION OF THE DRYER 

 

2.1 Design of Dryer Components 

2.1.1 Solar collector: The solar collector used in 

this design is flat plate collector (Figure 1) due to 

its simple construction, the basic parts are 

(a) Absorber Plate. The absorber plate is made 

from aluminum sheet due to its high thermal 

conductivity.   The length of an absorber plate 

is usually three times its width to prevent 

shading on some part of the absorber plate 

(Duffie and Backman, 1991). The absorber 

plate area is given by: 

 

𝐴𝑐 =
𝐸

𝐼𝜂
  …  (1) 
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 The heat energy required for drying is given by; 

  

     𝐸 = 𝑀𝑤𝑓𝑔   …  (2) 

 

      Mass of water removed from the meat is; 

 

      𝑀𝑤 = 𝑀𝑐  𝑤𝑐 − 𝑤𝑓 / 100 − 𝑤𝑓   … (3) 

 

 

(b) Glass cover. Since the temperature required 

for drying is less than 70
o
C, a single glazing 

is suitable for this purpose and it is adopted. 

(c) Insulated box. The thickness of insulation in 

the drying chamber, solar collector and duct 

was 50 mm (Kulla, 2003). Rate of heat-

transfer per unit area is; 

 

𝜙 =
𝑄

𝐴
   …  (4) 

 

And rate of heat-transfer is; 

 

𝑄 =
𝐾𝐴

Δ𝑥
 𝑇1 − 𝑇2   … (5) 

2.1.2 Fan selection: The most important 

parameter here is the fan rotational speed that 

can produce required air speed and volume. The 

air speed is given by;  

 

𝑣 =
𝜋𝑁𝐷

60
   …  (6) 

 

2.1.3 Drying chamber: The goal in drying 

chamber sizing is to design a solar system that 

provides the least cost of solar and auxiliary 

material (Iloeje, 1993). The meat thickness for 

“Kilishi” is 3 mm, density of fresh lean beef is 

1150 kg/m
3
. The drying chamber designed here 

(Figure 2) has the capacity of 5 kg of fresh lean 

beef. Therefore, 

 

 V𝑜𝑙𝑢𝑚𝑒 =
𝑚𝑎𝑠𝑠

𝑑𝑒𝑛𝑠𝑖𝑡𝑦
 … (7) 

 

Also, Volume of meat = meat thickness x surface 

area. For compactness and ease of air circulation 

only 3 rows of drying trays were used. 

Therefore; 

 

𝐴𝑟𝑒𝑎 𝑝𝑒𝑟 𝑟𝑜𝑤 =
𝑚𝑒𝑎𝑡  𝑠𝑢𝑟𝑓𝑎𝑐𝑒  𝑎𝑟𝑒𝑎

3
 … (9) 

 

 

Figure 2: Solar Flat Plate Collector 

2.1.4 Efficiency: The efficiency of the solar flat 

plate collector was calculated using; 

 

𝜂𝑐 = 𝜏𝛼
𝑈𝑙 𝑇𝑝−𝑇𝑎  

𝐼
   … (10) 

 

The overall system efficiency is given by; 

 

𝜂𝑠𝑦𝑠 =
𝑊𝐿

𝐼𝐴𝑝 +𝑃𝑓
  …  (11) 
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2.2 Construction and Assembly of the Dryer 

The solar collector is made up of three major 

parts: insulated box, absorber plate and glass 

cover (Figure 2). 

(a) Insulated wooden box: this has two 

parts; the interior part made from 0.25” plywood 

with dimensions 151 mm height x 800 mm width 

x 2400 mm length. A frame was constructed 

around the interior part using square cross-

section wood (50 mm x 50 mm). An exterior part 

of dimensions 2500 mm length x 900 mm width 

x 251 mm height was constructed around the 

body frame. A hole of 40 mm diameter was cut 

on the lower side and a rectangular hole (50 mm 

height x 100 mm width) was cut on the upper 

side and the space between the interior part and 

exterior part was filled with saw dust. 

(b) Absorber plate: the material used was 2 

mm thick Aluminum sheet. The sheet was cut to 

2400 mm x 800 mm and was placed in the 

wooden box 50 mm above the bottom face. 

(c) Glass cover: 4 mm thick glass was cut 

into the dimensions; 2500 mm x 900 mm width 

and place as the top cover of the wooden box. 

The drying chamber was constructed using 0.25” 

plywood. The interior part (of dimensions 600 

mm x 700 mm x 800 mm) and the frame around 

it were constructed. An exterior casing was 

constructed using plywood to cover the frame 

(Figure 3). 

 

 
Figure 3: Drying Chamber 

 

The material used to construct the duct was 2 

mm mild steel sheet. A sheet with dimensions 

1200 mm x 400 mm was folded along the 400 

mm side to form square cross-section of 100 mm 

sides (Figure 4). 

The solar collector was tilted to an angle of 

12.05
o
 (the latitude of Kano). The duct was fixed 

to the hole on the upper side of the collector. The 

other end of the duct was fixed as shown on 

Figure 5. 

2.3 Testing Procedure 
Thin slices of lean beef (3 mm) were arranged on 

the drying trays in the drying chamber. Wet and 

dry bulb temperatures of the glass cover, 

absorber plate, drying chamber air inlet and 

outlet and solar radiation were measured and 

recorded at 30 minutes intervals. The meat was 

weighted at 2 hours interval, from which 

moisture content of the meat was calculated.  

The meat was removed from the drying chamber 

at a moisture content of 14% and then soaked in 

a prepared mix-powder solution for about 30 

minutes. The soaked meat was later returned to 

the drying chamber and the drying process 

continued. The wet and dry bulb temperatures of 

the glass cover, absorber plate inlet and outlet of 

the drying chamber were measured and recorded 

at 30 minutes intervals. The sample weight was 

measured and recorded at 1hour intervals. 

Moisture content of the sample was calculated. 

When the moisture content of the sample was 

around 7% the sample was removed from the 

drying chamber and was ready for packaging. 
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Figure 4: Duct 
 

 

 

Figure 5: Assembly Drawing 
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3.0 RESULTS AND DISCUSSION 

 

3.1 Results 

The design and performance parameters were evaluated and presented in Tables 1 and 2. 

   

   Table 1: Major Design Parameters 

 

S/N PARAMETERS VALUES 

1 Total mass of water removed from meat 4.327 kg 

2 Quantity of heat required 10,135.47 kJ 

3 Absorber plate surface area 1.82 m
2 

4 Rate of heat-transfer per unit area 224 W/m
2 

5 Fan rotational speed 61.32 rpm 

6 Collector efficiency 74% 

7 System efficiency 21% 

 

Table 2: Tests Results 

Time Tp (
o
C) Tg (

o
C) Ta (

o
C) Chamber inlet air Chamber exit air I 

(W/m
2
) 

Ms 

(kg) Tc (
o
C) RH1 (%) Tc (

o
C) RH2 (%) 

Stage 1 Drying Process (Before soaking in a mix-powder solution) 

9:00am 96 64 32 44 45 38 68 632.4 4.43 

10:00am 104 72 33 46 38 40 46 706.8  

10:30am 104 73 33 49 32 40 46 734.7  

11:00am 110 78 33 50 30 41 46 781.2 2.91 

11:30am 114 80 33 52 27 43 39 818.4  

12:00am 120 91 33 53 25 45 33 902.1  

12:30pm 118 89 33 54 23 45 33 883.5  

1:00pm 118 90 34 54 23 45 37 883.5 1.72 

Stage 2 Drying process (After soaking in a mix-powder solution) 

1:30pm 116 81 35 55 23 47 32 911.4 4.46 

2:00pm 115 80 34 56 22 44 30 911.4  

2:30pm 108 78 35 56 22 47 32 799.8  

3:00pm 103 70 34 54 23 45 33 781.2 4.21 

3:30pm 96 68 34 52 27 44 38 651  

4:00pm 90 62 34 52 27 42 45 558 3.92 

4:30pm 90 61 33 50 27 40 46 539.4  

5:00pm 82 59 34 52 30 40 48 437.1 3.51 

 

3.2 Discussion of Results 

The temperature at the inlet of the drying 

chamber depends on the solar radiation; the 

higher the solar radiation, the higher the drying 

chamber inlet temperature. The maximum 

temperature was attained at 2:00 pm and the 

minimum temperature was atttained at 5:00 pm. 

The capacity of the dryer is 5 kg of fresh beef. 

From the results above for each 4.43 kg of fresh 

beef and 2.74 kg of mix-powder solution 3.51 kg 

of “Kilishi” will be produced. The discrepancy 

between the collector efficiency and the system 

efficiency may be attributed to heat losses at the 

duct. The total cost of production of the “Kilishi” 

dryer was estimated to about fifty four thousand 

three hundred and fifty five Naira (N54,355.00).  

 

5.0 CONCLUSION 

 

A solar “Kilishi” dryer was developed and its 

performance evaluated. Contamination from the 

environment was eliminated. 4.43 kg of fresh 

and 2.74 kg of mix-powder solution were used to 

produce 3.51 kg of “Kilishi”. This is economical 

considering the current price of each. The 

average efficiency of the collector was 74% and 
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the overall efficiency of the system was 21%. The average drying time was nine hours. 
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