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ABSTRACT 9 

 10 

A laboratory-scale batch fluidized bed dryer with 75 mm bed diameter was designed, 
fabricated and evaluated to study the hydrodynamics of river sand as well as the drying of 
cassava mash and bitter kola particulates. The hydrodynamics properties such as minimum 
fluidization velocity, effect of bed height and pressure drop across the bed, effect of particle 
size  and density on minimum fluidization velocity and stability of the bed column of river 
sand were studied. Drying of cassava mash to edible garri was carried out at in fluidized bed 
dryer  at controlled temperatures. Drying characteristics of the laboratory fluidized bed dryer 
was compared with the laboratory WiseVen oven (model number: WOF - 105) using bitter 
kola particulate material sample. The experimental results from laboratory-scale fluidized 
bed dryer showed that the minimum fluidization velocity increases as material density 
increases and the value of the minimum fluidization velocity obtained from the fluidized bed 
gave good agreement with other empirical correlation such as Kozeny-Carman Equation. 
The fluidized bed dryer showed high rates of moisture removal over the conventional oven 
with the ratio of 1:29 under the same operating conditions. Drying of cassava mash to edible 
garri was achieved at lower drying temperatures of 83 ℃ ± 3 ℃ at 55 minutes when 
compared to conventional frying temperatures of cassava mash to edible at180 – 200 
℃thereby saving energy cost.Hence, this fluidized bed dryer is recommended for use in 
demonstrating hydrodynamics and drying of particulate materials in the laboratory. 
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1. INTRODUCTION 16 

 17 

Fluidization is a process whereby fine solids are transformed into a fluid-like state in the 18 
fluidized bed through contact with a gas [1-2]. Fluidized bed operations are usually carried 19 
out within a given flow regime [3]. Due to favourable heat and mass transfer characteristics 20 
of fluidization, fluidized beds are primarily used for gas-solid contacting processes [4]. 21 
According to [5] and [6], moving particles play an important role in the wall-to-bed heat 22 
transfer processes of which wall-to-bed heat transfer processes is higher than those in 23 
single-phase gas flow as well as those in fixed beds. Fluidized bed has advantages in 24 
industrial applications in areas involving heterogeneous heat transfer, drying, mass transfer 25 
and chemical reactor due to the excellent contacting ability between the solid and fluid phase 26 
[7]. [8] showed that mixing and heat transfer processes are very rapid and the exit gas 27 
usually saturated with vapour for any allowable fluidization velocity.  28 
 29 
Studies showed that drying process is greatly affected by the internal heat transfer whereas 30 
the gas pressure distribution effect is insignificant [9]. [10] studied the heating of gas in 31 



fluidized bed of sand particles irradiated indirectly by concentrated solar energy and pointed 32 
out that the heating process is strongly affected by the gas fluidizing velocity and the wind 33 
speed. [11] described convective and radiative heat transfer gas-solid in fluidized bed 34 
whereas [12] had shown the effect of radiative heat transfer contribution to total heat transfer 35 
of about 13% and 18% for at high operating temperature of 400 °C and 600 °C respectively 36 
in the gas-solid in fluidized bed.  Studies showed that there are three distinct mechanisms of 37 
heat transfer in fluidized beds namely (i) fluid-to-particle, (ii) particle-to-fluid and (iii) wall-to-38 
bed [13 -14].  39 
 40 
Heat transfer in gas-fluidized beds may be described as a complex mutual interactions of 41 
fluid mechanics, particle dynamics and the thermal properties of the involved media [15]. 42 
Good  knowledge of the heat-transfer characteristics between the fluidization moving 43 
particles and the dense bed are important for the design of units utilizing the fluidized bed 44 
system [16]. [17] showed that heat transfer characteristics are relevant at transition between 45 
packed and fluidized bed operations. Studies showed that fluidized bed is the most useful 46 
method for drying particles or granules in pharmaceutical and food industries [18-19] due to 47 

increase in surface area of the particles [20]. Thermal efficiency of the fluidized bed 48 

dryers is most important item for variety of drying applications [21].  49 

 50 
According to [22], the particle-phase pressure arising from flow-induced velocity fluctuations 51 
decreased with increased in concentration of particles. Ergun equation showed that the ratio 52 
of pressure gradient to superficial fluid velocity in a column is a linear function of fluid mass 53 
flow rate, and the constants of this linear relationship are particle specific surface, fractional 54 
void volume, and fluid viscosity [23]. [24] showed that in fluidized bed processes, bed 55 
pressure drop is crucial as it determines the pumping power required for fluidization. [25] 56 
used pressure signal to investigate the fluid-dynamic behaviour of gas–solid fluidized beds in 57 
comparison to those obtained from modelling or experimentation and [26] used pressure 58 
fluctuations to investigate the effect of particles distribution in gas–solid fluidized beds. 59 
Fluidization processes have wide application in many industries ranging from heavy 60 
chemicals, mining, food, fine chemicals, petroleum, and pharmaceutical industries [27]. For 61 
drying of powders in the 50 to 2000 µm range, fluidized beds compete successfully with 62 
other dryer, such as: rotary, tunnel, conveyor, and continuous tray [28-29]. 63 
 64 
Studies showed that fluidized bed dryers are classified based on operating pressures, 65 
processing mode, fluidizing gas flow and fluidized materials. According to [28], the 66 
advantages of fluidized bed dryer include: ease of control, high drying rates, smaller flow 67 
area, higher thermal efficiency, lower capital and maintenance costs when compared to 68 
rotatory dryers. However, [28] pointed out some limitations such as: not generally 69 
recommended for drying materials when organic solvents need to be removed, higher power 70 
consumption needed to suspend the entire bed in gas phase, increase in gas handling, high 71 
potential of attrition due to granulation or agglomeration and potential of de-fluidization for 72 

feed that is too wet. 73 

To overcome some of the limitations or problems encountered with conventional fluidized 74 
bed dryer during drying processes, other modified fluidized bed dryers were developed for 75 
used by [30]. They are: hybrid fluidized bed dryers, pulsating fluidized bed dryers, fluidized 76 
bed dryer with immersed heat exchanger, mechanically assisted fluidized bed dryer, vibrated 77 
fluidized bed dryer, agitated fluidized bed dryer/swirl fluidizers, fluidized bed dryers of inert 78 
particles, spouted bed dryer, recirculating fluidized bed dryer, jetting fluidized bed dryer, 79 
superheated steam fluidized bed dryer, fluidized bed freeze dryer and heat pump fluidized 80 
dryers 81 

 82 



The drying application of fluidization technique for particulate materials in industry dated as 83 
far back 1940s [31]. According to [32], fluidized bed drying has the advantage of high 84 
intensity of drying and high thermal efficiency with controllable temperature due to high rates 85 
of heat and mass transfer which reduces the drying time in the fluidized bed dryer. It is 86 
convenient to dry heat sensitive food materials in fluidized bed dryer as it prevent them from 87 
overheating due to its mixing characteristics [33]. The drying process with fluidized bed 88 
drying reduces the drying time in the drying when compared with conventional oven by ten to 89 
twenty times [34].According to [35], gelatinization temperatures during garri processing are 90 

within (70 - 90 ℃), and frying temperatures are within (180 - 200 ℃) using traditional 91 
methods. [36] used rotary dryer to dry cassava mash to edible garri. [37] developed a 92 
fluidized bed dryer with centrifugal blower incorporated with 9 kW air heater to fry 2 kg of 93 

garri at drying temperature of 120 -150 ℃ within 18 - 24 minutes. 94 

 95 

 96 

2. METHODOLOGY 97 

 98 

2.1 Mathematical modelling of fluidized bed unit 99 

According to Perry and Green [38], the major parts of a fluidized-bed system include: 100 
i. Fluidization vessel which comprises (a)fluidized-bed portion, (b) disengaging space 101 

or  freeboard, and (c) gas distributor 102 
ii. Solids feeder or flow control 103 
iii. Solids discharge 104 
iv. Dust separator for the exit gases 105 
v. Instrumentation 106 
vi. Gas supply 107 

 108 
2.1.1 Minimum Fluidization Velocity 109 
Minimum fluidization velocity (Umf)which could be determined using the Ergun equation, 110 
Kozeny-Carman correlation, voidage method, correlation of Wen and Yu, the heat transfer 111 
method, or the pressure drop method [39 – 40] 112 
 113 
2.1.2 Flow Regime 114 
Flow regime which indicates whether the flow is laminar or turbulent is defined by Equation 115 
(1).  116 
 117 

𝑅𝑒𝑚𝑓 =  
𝑈𝑚𝑓 𝑑𝑝𝜌𝑔

µ𝑔
    (1)  118 

 119 
2.1.3 The Void Fraction 120 

The void fraction or porocity  (𝜺) depends on the material, shape, and size of the particles. 121 
For nearly spherical particles, [41], suggested that ε laid in the range 0.4 - 0.45 and therefore 122 
increasing with particle size and could be calculated from Equation (2), where bulk density, 123 
ρb , and ρs  is the particle density. 124 
 125 

     ε = 1 −
ρb

ρs
      (2) 126 

   127 

2.1.4 Maximum or Terminal Velocity 128 
Maximum or terminal velocityor the settling velocity is given in Equation (3) for low Reynolds 129 
number, where Re < 500; and Equation (4) highReynolds number, where  500<Re<20000. 130 



 131 

𝑈𝑡 =  
𝑑𝑝

2 𝜌𝑠− 𝜌𝑔 𝑔

18µ𝑔
   (3)  132 

       133 

                   Ut=
1.75 dp  (𝜌𝑠− 𝜌𝑔 )

𝜌𝑠
    (4)  134 

2.1.5 Bed Sizing 135 

According to [38], the cross-sectional area of fluidized bed reactor is determined by the 136 
volumetric flow of gas and the allowable or required fluidizing velocity of the gas at operating 137 
conditions. The maximum flow is generally determined by the carry-over or entrainment of 138 
solids, and this is related to the dimensions of the disengaging space (cross-sectional area 139 
and height). Also, [38] showed that bed heights are not less than 0.3 m (12 in) or more than 140 
16 m (50 ft) for fluidized bed dryers. Based on cost evaluation, space, and TDH chart in 141 
Figure 1[42], a 7.5 cm internal diameter fluidized bed was considered for this work. 142 
Determination of the bed height involved additionally the following hydrodynamic 143 
parameters: 144 

i. Minimum fluidization velocity was determined using the expression Kozeny-Carman 145 
[43] in Equation (5).  146 

𝑈𝑚𝑓 =  
𝑑𝑝

2 ρs−ρg  g 𝛟𝑠
2

150µ𝑔
 

𝜀𝑚𝑓
3

1−𝜀𝑚𝑓
        (5)147 

  148 
ii. Terminal or maximum velocity was calculated from Stokes law using in Equation (6). 149 

𝑈𝑡 =  
𝑑𝑝

2 𝜌𝑠− 𝜌𝑔 𝑔

18µ𝑔
        (6) 150 

  151 
iii. The superficial velocity of the gas during the operation considering the relation 152 

between the expanded and minimum heights of the fluidized bed H/𝐻𝑚𝑓  , according 153 

to [44] is given Equation (7). 154 

 
𝐻

𝐻𝑚𝑓
= 1 + 

10.978 . 𝑈 − 𝑈𝑚𝑓  
0.738

.  𝜌𝑝
0.376  .  𝑑𝑝

1.006

𝑈𝑚𝑓
0.937  .  𝜌𝑔

0.126      (7) 155 

  156 
For the bubbling fluidized bed the restriction suggested in Equation (8) was used [5]: 157 

 1.2 <
𝐻

𝐻𝑚𝑓
<1.4          (8)158 

  159 
For this design, a value of 1.3 was selected for H/𝑯𝒎𝒇, and Equation (7) was solved to 160 

determine the value of fluidization velocity (U - Umf)     161 
iv. Transport Disengaging Height, TDH, was extrapolated from the graph of TDH vs.   162 

(U - Umf)  in Figure 1. 163 
v. Overall height Ht, of the fluidized bed chamber was established by the expression 164 

shown in Equation (9) [5]: 165 
 Ht = TDH + H        (9)   166 

vi. The maximum expanded height of the bed H, was assumed as 0.15 m, being twice 167 
the internal diameter of fluidized bed, with the purpose of diminishing the slugging 168 
phenomena. [45] considered that the slugging regime appears in beds where the 169 
bed height (H) over the bed diameter (D) is larger than two (2). This requirement 170 
ensures that bubbles have enough time to coalesce in bigger bubbles called slugs, 171 
when the bubbles grow to two-third of the bed diameter the system enters to a 172 
slugging regime 173 

 174 



 175 
Figure 1:  The graph of TDH vs. (U - Umf)   176 
Source: [42] 177 
 178 

2.1.6 Wind Box 179 

The gas stream nozzle was made to enter the gas chamber vertically through the bottom. To 180 
prevent mal-distribution, the nozzle should be placed at a distance Hw below the distributor 181 
plate [46], where Hw is given by: 182 

 Hw = 3 x (Dw - Dnoz )   for  Dnoz>
𝐷𝑤

36
              (10) 183 

          Or, Hw = 100 x Dnozfor  Dnoz<
𝐷𝑤

36
              (11) 184 

  185 
Where Dw is the bed diameter, Dnoz is the gas nozzle diameter or the gas entry pipe, and Hw 186 
is the distance of the nozzle from the distributor plate 187 

 188 

2.1.7   Air Distributor Plate 189 

 Perforated distributor plate design was adopted for this work considering the following 190 
design criteria: 191 

i. [47] showed that ∆𝑃gird≥ 0.3 ∆𝑃bed  for upwardly and laterally directed flow, and 192 
under no circumstances should the pressure drop across a large-scale commercial 193 
grid be less   than 2500 Pa. 194 
Also, the gas velocity through the grid hole, (Uh), is related to ∆𝑃gird  in orifice as 195 
shown in Equation (12) 196 

∆𝑃gird  =  
𝑈𝑕

2𝜌𝑔

2𝐶2                             (12)  197 

           And   𝑈𝑕
 =

 𝐶 
2 ∆𝑃gird  

𝜌𝑔
           (13) 198 

Uhis the velocity in hole at inlet condition, ρg is the density of the fluid, ΔPgrid  is the 199 
pressure drop, and C is the orifice coefficient or constant, dimensionless (typically 200 
0.8 for gas distributors) 201 

  ii. Number of grid holes required is related to volumetric flow rate, Q 202 



           Q = ANUh                   (14) 203 
Where Q is the volumetric flow rate in the holes (m/s), N is the number of holes, and A is 204 
cross- sectional area of the bed (m

2
). 205 

 206 
iii. The hole density, Nd,  is defined as the number of grid holes required per unit 207 

area. 208 

            Nd= 
𝑁

𝐴
              (15) 209 

This work considered grid holes pitch configuration in a triangular arrangement as given by 210 
Equation (16) 211 

     Lh= 
1

 𝑁𝑑 sin 60
                 (16) 212 

.  213 

2.2 Particulate Material Selection and Preparation 214 

For this study, particulate materials were selected using the four criteria: (i) fluidization 215 
behavior, (ii) size range, (iii) density, and (iv) aspect ratio [48] while cassava mash and bitter 216 
kola were prepared using local grating method.   217 
 218 
 219 

2.3 Experimental Set-up  220 

The schematic of experimental set-up from [49] shown in Figure 2 consist of air compression 221 
system (COM 101 and CAM 101), air shut off vale (ASV 101), pressure control valve (PCV 222 
101), flow temperature indicators (TI), helical coil heat exchanger (HCHE), fluidized bed 223 
vessel (FBV), differential pressure manometer (DP), flow meter (rotameter), pressure gauge 224 
(PG), temperature controller (TC) and level indicators (LI). In this system hot air for 225 
fluidization drying was produced from heat transfer in HCHE.  226 

 227 
Figure 2: Experimental set-up 228 
                Source: [49]  229 

 230 
 231 
2.3.1 Hydrodynamics Studies in Fluidized Bed 232 
 233 



    Hydrodynamics experiments were conducted at ambient conditions. Particulates materials 234 
were poured into the bed up to the desired bed height/weight of particles. Hence, the 235 
following procedures were considered: 236 

i. Measurement of the bed heights directly using a scale attached along the height of 237 
column. 238 

ii. Switch on the mains supply.  239 
iii. Start the compressor to compress the air above 100 psi.  240 
iv. Open the valve upstream of the air flow meter and adjust the flow rate to achieve 241 

good fluidization 242 
v. Measure air flow rate and pressure drop from the instruments. 243 
vi. Plot pressure drop against superficial air velocity to determine minimum fluidization 244 

velocity according to [5]. 245 
 246 
2.3.2 Drying of  Cassava Mash to Garri in Fluidized Bed Dryer 247 
 248 
The drying of cassava mash to edible garri was carried out in the fluidized bed dryer with the 249 
ratio of the bed height to bed diameter (H/D) of 1.8. The initial mass of cassava mash was 250 
224.76 g with the mean particle size of 834 µm. The drying temperature was 50 ± 3 

0
C at 251 

initial stage for 15 minutes to avoid gelatinous formation. During this drying period, 252 
fluidization of the bed material was supported by vibrating the bed. This was due to the 253 
damp and sticky nature of the cassava mash particulates material. From 20 minutes of the 254 
drying period, the particles where loose and the mixing was improved up to 35 minutes and 255 
the drying temperature was set at 70 ± 3 

0
C. Thereafter, fluidizations were adequate till the 256 

end of drying time of 55 minutes in which the drying temperature was controlled at 83 ± 3 
0
C. 257 

The mass of the cassava mash sample during drying was recorded at intervals 5 minutes 258 
and the corresponding moisture content were determined. 259 
 260 

3. RESULTS AND DISCUSSION 261 

 262 

3.1 Design Parameters for Fluidized Bed Column, Plenum and Distributor 263 

 Plate 264 

 265 

Design parameters of the fluidized bed column as shown on Table 1  266 

Table 1   Design parameters of the fluidized bed column  267 

S/N Parameters Value 

1 Minimum Fluidization Velocity Umf,  0.12 m/s 

2 Terminal Velocity Ut 9.6 m/s 

3 Calculated Value of (U- Umf) 0.49 m/s 

4 Design  value of (U- Umf) 0.5 m/s 

5 Bed height, LB 0.15 m 

6 Transport Disengaging Height, TDH 0.8  m    

7 Bed height, LB 0.15 m 

8 Total Bed Height Ht 0.95  m 

 268 

 269 

Design parameters for plenum and distributor plate as shown on Table 2  270 

 Table 2:  Design parameters for plenum and distributor plate   271 

S/N Parameters Value 

1 Fluidized Bed Diameter Dw  75 mm 

2 Nozzle Diameter Dnoz 20 mm 



3 Nozzle distance from the distributor 
plate Hw 

0.165 m 

4 Orifice Coefficient C 0.78 

5 Grid Plate Thickness  t 1.5 mm 

6 Grid Hole  Diameter dh 4 mm    

7 Pressure drop across the 
distributor plate  ∆𝑃grid 

2500 Pa 

8 Volumetric gas flow Q 2.2x10-3 m3/s 

9 Number of grid holes N 3.3 

10 Hole density, Nd 750/m2 

11 Holes pitch length, Lh 39 mm 

12 Grid hole velocity Uh 52.58 m/s 

 272 

3.2 Experimental Determination of Minimum Fluidization Velocity 273 

The relationship of change in bed pressure drop and superficial velocity to determine 274 
minimum fluidization velocity of river sand particles with mean diameter, dp, of 521 μm using 275 
different bed heights were carried out and the graphical representation as shown in Figure 3, 276 
indicated the minimum fluidization velocity of 0.15 m/s.  277 

 278 

 279 

Figure 3:  The relationship of change in bed pressure drop and superficial 280 

Velocity 281 

 282 

 283 

3.3 Comparison of Experimental and Predicted Minimum Fluidization 284 

Velocity 285 
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The experimental result and the empirical correlations as proposed by Kozeny-Carman  [43], 286 
[50 - 52], were analysed in Table 3.   There was a good agreement of the experimental value 287 
with prediction of Kozeny-Carman  [44]. According to [52], some forms of predictive 288 
correlation entailed relatively large error of 30-40% and is only valid for limited conditions as 289 
shown in Ergun [50] and [51].This errors are due to these correlations relying on a small 290 
number of specific experiments and in some cases do not take into consideration the effect 291 
of particle sphericity [52]. 292 

 293 

 294 

 295 

 296 

 297 

 298 

 299 

 300 

Table 3:  Comparison of experimental and predicted values for minimum 301 

fluidization  velocity  302 

Author  
Experimental /Empirical 
Correlation 

Errors Based on Experiment Value 

Values Absolute 
Error  

% error Relative 
error 

Experiment Experiment 0.1500 0.0000 0.000 0.0000 

Kozeny-
Carman [43] 𝑈𝑚𝑓 =  

𝑑𝑝
2 ρs − ρg g 𝛟𝑠

2

150µ𝑔
 

𝜀𝑚𝑓
3

1 − 𝜀𝑚𝑓
  

0.1530 0.0030 0.300 0.0030 

Leva [59] 
Umf= 9.23x10-3dp

1.811 
𝜌𝑔

µ𝑔
 0.88 

𝜌𝑠

𝜌𝑔
 0.94 

0.1800 0.0300 20.000 0.2000 

Ergun [50] 
𝑈𝑚𝑓 =  

 ρs − ρg g

1650µ𝑔
 

0.2180       
0.068 

 45.300  0.4530 

Sidorenko 
[51] 𝑈𝑚𝑓 =  

0.0093𝑑𝑝
1.82 𝜌𝑠 − 𝜌𝑔 

0.94

µ0.88𝜌𝑔
0.06  

0.2200 0.0700 46.700 0.4700 

Baeyens [52] 
𝑈𝑚𝑓 =  

0.000701𝑑𝑝
2 𝜌𝑠 − 𝜌𝑔 𝑔

µ
 

0.2500 0.1000 66.700 4.4000 

 303 

 304 

 305 

3.4 Effect of Bed Height and Pressure Drop across the Bed on the Umf 306 



The readings of bed pressure drops were recorded by increasing superficial velocity until the 307 
packed bed reached its minimum fluidization velocity. These sets of experiments were 308 
carried out with different bed heights and different particle sizes distributions as shown on 309 
Figure 4 and 5. The figures represented the relationship between pressure drops with 310 
different bed height for 400 µm, and 500 µm. From the figures, it showed that increase in 311 
bed height in fluidized bed led to increase in the pressure drop across the packed bed and 312 
these results corroborate data presented by [53-54].  313 

 314 

 315 

 316 
Figure 4: Relationship of bed height with pressure drop on Umf for 400 µm 317 

sand  318 

particle 319 
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 321 
Figure 5: Relationship of bed height with pressure drop on Umf for 500 µm 322 

sand 323 

 particle 324 

 325 

 326 

 327 

3.5 Effect of Particle Size  and Density on Minimum Fluidization Velocity 328 

The influence of particle sizes of the a particular sand sample with mean particle sizes of 329 
400 µm, 500 µm, 521 µm with densities of 2357 kg/m

3
, 2362 kg.m

3
 and 2500 kg/m

3
 330 

respectively were analysed using the same bed height to bed diameter ratio of  1.5. 331 
Graphical representation indicated that particle size distribution influences the minimum 332 
fluidization velocity as shown in Figure 5. Also, a denser material required a higher 333 
superficial gas velocity to start fluidization. Therefore, the minimum fluidization velocity 334 
increases as material density increases. These experimental results also corroborate data 335 
presented by [55].  336 
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 338 
Figure 6: Influence of particle size distribution and density on minimum 339 

fluidizationvelocity 340 

 341 

 342 

3.6. Stability of the Column 343 

For better fluidization, the ratio of bed height to diameter of bed (H/D) is usually maintained 344 
between 1 and 2 [56] and [44]. This is with the purpose of diminishing the slugging 345 
phenomena, which is associated with pressure fluctuation and vibration of the fluidized bed 346 
vessel (FBV). The maximum expanded height of the bed according to the design was 150 347 
mm being twice the bed height. The evaluation of the FBV stability was tested with several 348 
bed height (H), to bed diameter (D), (H/D ratios) from 1 to 2.6. It was observed that from the 349 
H/D of 2.2 and above, there was slugging in the bed which was accompanied by little 350 
vibration during fluidization. This phenomenon corroborates what was presented by [44]. 351 

 352 

3.7. Drying of  Cassava Mash to Garri in Fluidized Bed Dryer 353 

The time taken for drying of cassava mash to edible garri was 55 minutes at controlled 354 
drying temperature of 83 ± 3 

0
C against 120 – 150 ℃  [37] and 180 – 200 ℃ [35] by other 355 

conventional fluidized bed dryer and traditional methods respectively. The relationship of 356 
moisture content and time for garri particulate material as shown in Figure 7 showed a 357 
steady state drying characteristics curve which corroborate the drying curve as presented by 358 
[58]. 359 
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 360 
Figure 7:  Moisture content as a function of time for garri particulates material  361 

 362 

 363 

3.8. Comparing Drying of Bitter Kola in WiseVen Oven and Fluidized Bed 364 

Dryer 365 

The base line moisture content of the sample was determined by drying 5 g of bitter kola 366 
particulate in oven at temperature of 105 ℃ until there was no change in mass and the 367 
moisture content removed was 2.56 g. Equal mass of bitter kola particulates each 170 g 368 
were dried in WiseVen oven and fluidized bed dryer at 50 ℃ for 60 minutes. The mass of 369 
moisture content removed from the oven studied was 2 g and that of fluidized bed dryer was 370 
56.4 g. The results showed that 1.02 g of moisture was removed from the oven and that of 371 
fluidized bed dryer was 28.88 g representing the ratio of 1:29. The results corroborate data 372 
presented by [34].  Hence, the fluidized bed dryer has a high rates of moisture removal due 373 
to high heat and mass transfer rates over conventional oven considering the same operating 374 
conditions.  375 
 376 
 377 
 378 

4. CONCLUSION 379 

 380 

Laboratory-scale fluidized bed dryer was designed, fabricated for fluidization hydrodynamics 381 
and fluidization drying. From the performance evaluation of the fluidized bed dryer, the 382 
following conclusions were drawn from the study:  383 

i. The design was efficient for laboratory applications. 384 

ii. The unit was designed for non-corrosive and Galdart group A and B materials only 385 

iii. Excellent fluidization was achieved with particulate materials whose aspect ratio was 386 

tending to unity. 387 

iv. Drying rate was effective in the ratio of 1:29 over conventional oven 388 

v. The design was made for batch operations. 389 

vi. The operational stability of this equipment with excellent fluidization of particles in 390 

the bed occurred between the H/D ratios of 1.5 – 2 391 
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vii. Fabricated laboratory scale FDB offers excellent drying performance. Interestingly, 392 
cassava mash were dried to edible garri within 55 minutes at maximum temperature 393 
of  83 ± 3 

0
C against 120 – 150 ℃  and 180 – 200 ℃ by other conventional fluidized 394 

bed and traditional methods respectively. 395 
 396 
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