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Abstract. Based on experimental results on kinetics of silica gel polytetra-
fluoroethylene, sand and ammonium sulphate drying in fluidized bed and a correlation 
equation for the mean gas solid heat transfer coefficient in the constant-drayng-rate 
period a kinetics equation is proposed for both characteristic drying periods. The 
suitability of introducing the shape factor of the solid particle into the kinetic equation 
is shown. 

INTRODUCTION 

In spite of the widespread industrial application of fluidized bed dryers and a number 
of papers [1-6] on this topic, the aim of working out directions for dryers design has not 
been achieved so far. A lot of information, particularly on the kinetics of fluidized bed 
drying; which can be found in literature, are divergent and contradictory as shown [4]. 

These divergences encouraged us to undertake the research on the fluidized bed 
drying kinetics of selected materials with the aim of elaborating a useful kinetic equation 
and explaining the effect of the parameters, which either have had their influence 
interpreted in a different way or have been left out of account in research programmes; 
e.g. the shape factor of the solid particle. 

LITERATURE STUDY 

From the literature study of the convective fluidized bed drying of solid particles, it 
can be concluded that the interest of research workers is fundamentally concerned with: 

− becoming acquainted with the mechanism of the processes, occurring inside the 
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drying particle and on the surface, 
− working out mathematical models and correlation equations needed for design. 

These problems are connected with the process kinetics, expressing the relationship 
between the rate of drying, the structure of the solid particle and the condition at which 
the process occurs. 

The proposed analytical correlation, obtained from several theories [2-6], cannot be 
used in design, mainly because of the lack of coefficients characterizing momentum, heat 
and mass transfer for various materials, used in industry. 

In this case, in parallel with theoretical study advancement of semi-empirical methods, 
based on the simple models of drying kinetics and experimental results, was carried out. 
On the assumption [2] for the first drying period, described by the kinetic Equation (1), 
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the heat transferred into a spherical particle is used for vaporizing water (the vaporization 
occurs on the outside surface of the particle, covered by water) and that the particle 
temperature is equal to the wet bulb temperature, the first drying period can be described 
by the following heat transfer equation: 
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From Equations (2), (4) and (5) the rate of drying in the first period can be calculated as: 
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The mean transfer coefficient from the gas to the solid particle a can be estimated from 
criteria equations (Table 1). However, the published criteria equations that permit the 
determination of the mean gas-solid heat transfer coefficient for the first constant-rate 
period show divergences. 

According to [3] these divergences are largely due to: 
− not rigorously estimating the interfacial area (without taking into consideration the 

real shape of the solid particle), 
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− different methods used for calculating the process driving force ∆Tm (the gas and 
solid particle temperatures not precisely measured), 

− different hydrodynamic conditions prevailing during experiments. 

Table 1. The correlation equations for the gas - solid heat transfer coefficient in the first 
constant − drying rate period of fluidized bed drying 

No Author Range of dimen-
sionless number Equation Notes 
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In the absence of any universal correlation equation for estimating the gas-solid heat 
transfer coefficient α, the best data can be found on the basis of experiments on kinetics 
of fluidized bed drying for a given material and for given operating conditions. 

Experimental results are usually shown as the plots of the moisture content of solid 
versus time (ω = f(τ)). Thereby drying curves for a given material are obtained [1].  

The drying curve for the first period is described by the following straight-line 
equation: 
 τωω ⋅−= N1  (8) 

Finding the general kinetic equation for the falling-rate period (the second period) is 
much more difficult, because according to the kind of material and moisture content, the 
mechanism of moisture movement inside the solid particle during drying is different and 
comes under different physical laws. The research carried out an this problem was 
concentrated on finding the method of generalizing the experimental results [2, 4, 5]. 

Kinetic equation for the second period is described by the following relationship:  
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The drying coefficient K can be related [4] to the maximum drying rate: 
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On the assumption that for the second period the relationship lg(w-wr)=f( =N⋅τ) can be 
approximated by a straight line equation, the drying curve for this period can be described 
as follows: 
 ( ) RAr +⋅−=− II2lg τωω  (11) 
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The above equation can be solved under the assumption that for τII=0, ω2=ωr and that 
the drying rate is equal to the drying rate in the first period [7]. As a result, the following 
relationship is obtained: 
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after converting equation (12), the kinetic equation for the second falling-rate period has 
the following form : 
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The above equation may be utilized on condition that the correlation for predicting the 
gas-solid heat transfer coefficient for the first constant rate period is known [3]. 

In order to attain the kinetic equation for both drying periods it is necessary to solve 
equations (8) and (12) for τI and τII and then add τI and τII. The obtained equation can he 
rearranged to the following form: 
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The relationship (14) gives the kinetic equation for both drying periods. 

EXPERIMENTAL PART 

A scheme of experimental equipment is shown in Fig. 1. Polytetrafluoro-ethylene, 
ammonium sulphate, sand and silica gel were studied. Particle sizes ranging from 

41039.3 −⋅ to 12.4⋅10-4m were used. 

Experiments were carried out under the following conditions: 

- inlet temperature of air 333K and 363K, 
- static bed height 0.150 and 0.240m, 
- air velocity from 0.2 to 1.8m/s. 

For all the series of runs, the flow rate of air, the static bed height, the particle 
diameter and the inlet temperature of air were changed, whereas the initial moisture 
content of solid materials was constant.  

EXPERIMENTAL RESULTS 

208 experiments were carried out for the first constant-drying rate period and 97 runs 
were made, in which the drying kinetics of solid materials was studied for both periods of 
drying. 

On the basis of the experimental results for the first period [3], the following 
correlation equation for the mean gas-solid heat transfer coefficient was worked out 
(Table 1 No. 15). It was found that there was a considerable effect of the shape factor Φ 
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of the solid particle on the value of α. This influence is reasonable, because the shape 
factor which depends on the shape and state of the surface [5], describes the real contact 
surfaces between the phases and hydrodynamic conditions. 

 
Fig. 1. Scheme of experimental equipment: 1-column, 2-blower, 3-cyclone, 4-electric 

heater, 5-thermoregulator, 6-orifice meter, 7-manometers two-fluid U-tubes,  
8-temperature recorder, 9-pipe, 10-control valve, it-sample collector,  

12-dust collector, 13-feeding pipe, T1, T2 - thermometers for the measurement of wet bulb 
temperature, 14-plenum chamber 

A critical analysis of the experimental results [4] confirms the possibility of 
generalizing the rate curves, obtained under different conditions of runs. 

The kinetic Equation (13), proposed for the second period, proves good agreement 
with the experiments (Fig. 2). The relative error of 85% of the experimental results is not 
higher than +10%. 

Equation (13) holds for 07.2ln88.0 << E , 0.07<(λg/λs)<0.194, 335.1325.54 << Fo , 
6.35855.0 << Ko and for the dimensionless groups ranges, for which the equation 

describing the Nusselt number is valid (Table 1, No. 15). 
The general kinetic Equation (14) for both the constant rate and the falling rate 

periods holds for 07.2ln88.0 << E , 0.07<(λg/λs)<0.194, 600.48160 << Fo , 
6.35855.0 << Ko  This equation gives errors not higher than +15%. 

If the process occurs only in the first period, Equation (14) becomes simplified (lnE 
cancels out). 
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Fig. 2. Comparison of experimental and theoretical values of (lnE), -silica gel, –sand  

∆-ammonium sulfate, X-polytetrafluoroethylene,  

CONCLUSIONS 

On the basis of the experimental results and literature studies the following 
conclusions were made. 

1. Using the methods of generalizing the drying rate curves, the straight line 
approximation for describing the course of the first period of drying and the 
correlation equation for the mean gas - solid heat transfer coefficient in the 
constant drying rate period, there is a possibility of deriving the kinetic equation, 
which can be used for predicting the course of drying in both periods.  

2. The kinetic equations for the second period (13) and for the periods of drying (14), 
including the shape factor of the solid particle (this parameter has not been taken 
into consideration so far), describe the actual drying conditions better than the 
correlation hitherto published. The proposed kinetic equations are of great utility 
for engineering calculations, because very few input data referring to the constant 
drying rate period are needed to solve them. 
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Symbols  

a - specific surface, m2 m-3  
A - coefficient in Eq. (11)  
C - heat capacity, J kg-1 K-1  
ds - particle diameter, m  
Dk - diameter in column, m  
g - acceleration due to gravity, m s-2  
Ho - static bed height, m  
m - mass, kg  
N - drying rate in the first period, kg kg-1 s-1  
Q - heat – transfer rate, W  
r - heat of vaporization, J kg-1  
R - coefficient in Eq. (11) 
T - temperature, K 
ug - linear superficial gas velocity in empty column, m s-1  
V - solid volume in the dryer, m3 
ω - moisture constant (dry basis) of solid, kg kg-1 
α - heat transfer coefficient, W m-2 K-1 
ε - porosity 
η - dynamic viscosity, N s m-2 
χ - relative drying coefficient Eq. (10), kg kg-1 
λ - thermal conductivity, W m-1 K-1 
ρ - density, kg m-3 
τ - time 
Φ - shape factor, (Φ > 1) 
∆ - difference operator 

Indexes 

g - gas 
m - mean 
o - stationary bed 
r - equilibrium 
s - solid 
u - bulk 
cr - critical 
1 - inlet, initial 
2 - outlet, final 
I - first drying period 
II - second drying period 
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EKSPERIMENTALNO ISTRAŽIVANJE KINETIKE SUŠENJA 
ČVRSTIH ČESTICA U FLUIDIZOVANOM SLOJU 

Wlodzimierz Ciesielczyk, Mladen Stojiljković, Gradimir Ilić,  
Nenad Radojković, Mića Vukić 

U radu je data jednačina kinetike sušenja za oba karakteristična perioda sušenja, na osnovu 
eksperimentalnih rezultata sušenja silikagela, politetra fluornog etilena, peska i amonijum sulfata 
u fluidizovanom sloju. Uvedena je korelaciona jednačina za odredjivanje koeficijenta prelaza 
toplote gas - čvrste čestice u konstantnom periodu sušenja. Ukazuje se na pogodnost uvodjenja 
faktora oblika čestica u jednačinu kinetike. 


