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AbstractWe designed and modelled a fluidized bed dryer. Based on the literature, modelling of a bed dryer is car-
ried out for two situations: for spherical and non-spherical particles. Two case studies were taken from the literature for
modelling the fluidized bed dryer for naphthalene balls and mushroom slices. Fluidized bed dryer design was carried
out with respect to diffusivity of the bed materials. Drying characteristics in terms of effective diffusivity were studied
for naphthalene balls and mushroom slices using a tapered fluidized bed dryer. The variation of effective diffusivity was
obtained with change in inlet air temperature, velocity, thickness of slab and drying time. Experimental effective diffu-
sivity as obtained from literature was compared with model predicted values, provided lower deviations with RMSE of
less than 8.28% for spherical naphthalene balls and 0.936% for the mushroom slices. Mass transfer coefficient obtained
for naphthalene balls was in the range of 2.1×104 to 4.857×103 m sec1. The diffusivity constant was evaluated using
Fick’s diffusion equation assuming surface moisture in equilibrium with the surrounding atmosphere. The value of dif-
fusivity constant (D0) obtained is 1.828×109 m2sec1 and the value of activation energy (Ea) obtained is 4.523 kJ mol1.
Keywords: Activation Energy, Fick’s Diffusion Model, Fluidized Bed Dryer, Variable Effective Diffusivity, Naphthalene

Balls, Mass Transfer Coefficient

INTRODUCTION

A model is a demonstration of physical phenomena of a system
while express in terms of mathematical or analytical way which
are capable to specify, correlate, validate and predict the behaviour
or structure of a system or the phenomena with a feasible solu-
tion of model determination. Mathematical modeling of the pro-
cess and the experimental setup are the most significant aspects of
drying technology [1]. The modelling is fundamentally based on
the design of a set of equations which aims to illustrate or define
the system as accurately as possible. These mathematical models
of the drying processes are used for designing new or improving
existing drying systems.

Drying is one of the very essential unit operations in heat and
mass transfer operations that converts the feed material of solid or
semi-solid into a solid product of relatively lower moisture con-
tent [2,3]. This complex phenomenon involves the application of
thermal energy supplied to the material by the means of drying
air, which results in the transfer of thermal energy by the surround-
ing to the material surface by convection mechanism and, then,
from the surface to the inside of the material by conduction. This
thermal energy results in the transfer of moisture within the mate-
rial to its surface by diffusion and then water removal from the sur-
face to the surrounding by evaporation. Drying finds application
in almost all industrial sectors, such as agriculture, manufacturing
of pulp and paper, polymer [4], ceramic, chemical, textile and phar-
maceutical. Drying is the most frequently used food preserving

technique and thereby enhances shelf life and improves product
quality [5]. Drying leads to a reduction in bulk, weight and volume
of the dried products leading to reducing handling, packaging, trans-
portation and storage requirement and cost [6].

Fluidized bed dryers work on the principle of fluidization where
a bed of loosely packed solid particles acquires some of the prop-
erties of a fluid when a gas is blown vertically upward through it.
Due to increase in gas velocity, a condition occurs when the bed is
said to be fluidized when the drag force equals the weight of the
particles. The transition from a fixed to a bubble-free fluidized bed
is denoted by the minimum fluidization velocity [7]. Fluidized beds
are extensively used in industrial sectors for drying of the particu-
late and granular solids, such as grains, cereals, fertilizers, chemi-
cals, pharmaceuticals, minerals and plastics. The main advantage
of fluidized bed drying over other drying techniques is the interac-
tion of large contact surface area between solids and fluidizing air
that results in high heat and mass transfer rates, resulting in uni-
form product quality due to complete mixing and high drying capac-
ity. Hence, rapid heat and moisture transfer takes place between
solid and fluidizing air, which shortens drying time and prevents
damage to heat sensitive materials.

LITERATURE REVIEW

Fluidized bed dryers are unique in design and generally product
specific, so various mathematical models are predicted to describe
the drying characteristics [8]; thus drying performance can be pre-
dicting by using suitable thin-layer models. During these opera-
tions, a layer of the material is fully bare to drying conditions at the
temperature of hot air, thus enhancing the drying process. Due to
thin layer characteristics, lumped parameter models are suitable for
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thin-layer drying. The most important aspects of thin-layer drying
technology are the mathematical modelling of the drying process
in estimating the drying kinetics, which describes the most suitable
operating conditions, drying behavior and improving the drying
process from the experimental data [6]. These models are classi-
fied into three groups--theoretical, semi-theoretical and empirical
models--that are very useful for predicting drying nature and also
for design purposes, but these are valid only within the applied dry-
ing conditions.

Theoretical models are generally the solution of Fick’s second
law of diffusion, which considers both the internal and external
resistances to moisture transfer. It involves the geometry, mass
diffusivity and conductivity of the material. The semi-theoretical
models are derived from a theoretical model or from its simplified
form by introducing a new model or empirical constants. Empiri-
cal models are completely derived from experimental data and
do not have any physical interpretation, as they do not follow the
fundamental laws of drying to show the relationship between the
rate constant and moisture content. The relation between the aver-
age moisture content and drying time can be developed by these
models.

During the actual operation, no particular model can be imple-
mented to describe the drying kinetics due to the effect of various
operating parameters (drying condition, product characteristics and
technique of drying). Therefore, the drying kinetics models are very
much important [9]. Among various parameters, the drying tem-
perature and material thickness are the most important parame-
ters of drying vegetables [10]. The drying kinetics was obtained by
varying inlet air temperature, and the Thompson model out of 15
different thin layer models was found to be satisfactory [11]. The
effective moisture diffusivity of dried culinary banana slices [12],
and paddy [13] increased with increased in drying temperature,
and consequently the drying time decreased. It was observed that
the inlet air velocity was significant as compared to inlet air tem-
perature on the quantity of oil of dried coconut [14]. The drying
rate was found to increase significantly with increase in temperature
and flow rate of the heating medium, while decrease with increase
in solids holdup as for millets [15], oil palm frond [16], and potato
slices [17]. On increasing the particle size, the drying process slows
as the evaporation from the surface reduces, indicating high inter-
nal mass transfer resistance due to much longer diffusional paths
within the solids. The shape factor is integrated into the kinetics
models of drying to reduce the effect of product shape on the dry-
ing process [18]. It has been shown that if ratio of particle volume
and its external surface area is taken as characteristic dimension of
an irregular shaped particle, the solution of a simultaneous diffu-
sion equation is largely independent of the particle shape [19].

Naphthalene is a special compound in terms of its properties
and chemical structure. It is a flammable white solid with the for-
mula C10H8 and the structure of two fused benzene rings. Due to its
bicyclic aromatic structure, it is also a polycyclic aromatic hydro-
carbon, making it a more volatile compound [20]. However, naph-
thalene sublimes rapidly at room temperature. Here, the fluidized
bed dryer is used to provide necessary conditions for the measure-
ment of the variation in diffusivity of naphthalene by varying cer-
tain parameters.

PROPOSED METHODOLOGY

1. For spherical Geometry-naphthalene Balls
Fick’s first law gives the relation between diffusive flux to the

concentration, where the flux goes from region of high concentra-
tion to region of low concentration, which is due to the nearby rel-
ative concentration gradient in the system. Therefore, Fick’s first
law can be defined as

(1)

where, DAB is the diffusivity (m2sec1), JAZ is diffusional flux (mole
m2sec1), R is the universal gas constant (8.3145 J mol1 K1), T is
the absolute temperature (K), PA is the partial pressure of A (in Pa),
and z is position (m). Here, the negative sign indicates that the dif-
fusion occurs in the direction of drop in concentration. Since dif-
fusion occurs in radial direction, the total flux associated with
particles includes both molecular (self-diffusive) and convective
flux, which can be given as

(2)

For non-diffusing stagnant medium B, putting NB=0 and rearrang-
ing, we get

(3)

Considering, a thin spherical shell of radius r and thickness r at
any instant time of t in which dispersion occurs around the solid
as shown in Fig. 1. This is a binary system involving diffusion of
molecule A into the surrounding non-diffusing medium B. Then,

Rate of input of A into the thin shell (at r=r): (4r2)NA|r

Rate of output of A from the thin shell (at r=r+r): (4r2)NA|r+r

Here, we assume that the substance size changes so steadily that
the diffusion of the substance through the surrounding air happens
essentially at steady state. By applying steady state mass balance,

JAZ    
DAB

RT
---------

dPA

dz
---------

 
 

NA    
DAB

RT
---------

dPA

dr
---------

 
    

PA

P
------ NA   NB 

NA    
DABP

RT P  PA 
--------------------------

dPA

dr
---------

 
 

Fig. 1. A schematic demonstrating shell equalisation for mass ex-
change from a sphere.
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Inputoutput=accumulation
(4r2)NA|r(4r2)NA|r+r=0

Dividing both sides by r and taking limit r0



 4r2NA=constant=W (4)

Here, W is the rate of sublimation, Eq. (4) shows a very important
result for steady state diffusion through a variable area and can be
generalized as product of area and flux to be constant which is
equal to the rate of flow of quantity.

On combining Eq. (3) and (4), by comparing NA, we get

(5)

The rate of sublimation (W) from surface to infinity can be ob-
tained by integrating Eq. (5) using conditions,

PA=PAs at r=rs (at surface)
PA=PA at r= (At surface)

where, PAs and PA are the vapor pressure of the molecule at the sur-
face and infinity respectively. Hence, by integrating, we get

(6)

Here we considered that the material variations of the solid sub-
strate arise during drying that cause variation of the diffusivity
that makes it reasonable to consider these variations as a func-
tion of time. Hence, the proposed empirical expression for DAB is
given as

DAB=Di(1+F0) (7)

where, Di is the initial effective diffusivity, and F0 is the Fourier num-
ber (F0=Dit/r2) used for the non- dimensionless time.

Hence Eq. (6) can be written as

(8)

In the macroscopic view, rate of sublimation can be given as the rate
of change of mass as

(9)

Here, the negative sign indicates that the size of the solid decreases
with time.

On equating Eq. (8) and (9), by eliminating W, we get

At time t=0, the molecule diameter is dp and at time t it is dp'. The
change in the molecule size over considerable period of time can
be obtained by integrating the above equation as

(10)

Here, initial effective diffusivity can be obtained from Eq. (9).
2. For Non-spherical Geometry-Mushroom Slices

The average moisture content can be expressed in a non-dimen-
sional moisture ratio as

(11)

where MR is the dimensionless moisture ratio, Mt is the moisture
content at time t, Mi and Me are the initial and equilibrium mois-
ture contents on dry basis, respectively.

The moisture loss during falling rate period is an internally con-
trolled process. Internal mass transfer may occur by several mech-
anisms, such as molecular diffusion (liquid and vapor), capillary flow,
Knudsen diffusion, surface diffusion or combinations of these. Usu-
ally, all these mechanisms are lumped together into an effective
transport coefficient to describe the mass flux. Fick’s second law
equation for one-dimensional diffusion for plate (or slab) geome-
try is given as

(12)

where, M is the average moisture content, Deff is the effective mois-
ture diffusivity (in m2sec1), t is the drying time (in sec) and h is
the half-slab (or slice) thickness (in m)

The initial and boundary conditions are

M (h, 0)=Mi at t=o
M (h0, t)=Me at h=h0 (at the surface)
M (0, t)=finite at h=0 (at the centre)

We considered that the material variations of the solid substrate
arise during drying that causes variation of the diffusivity, which
makes it reasonable to consider these variations as a function of
time. Hence, the proposed empirical expression for Deff is given
as

Deff =Di(1+F0) (13)

where, Di is the initial effective diffusivity, and F0 is the Fourier num-
ber (F0=Dit/h2) used for the non- dimensionless time.

Based on assumptions on boundary conditions for thin layer dry-
ing, such as product sizes are homogeneous and isotropic, mass
transfer is symmetrical with uniform initial moisture distribution,
negligible external resistance, negligible pressure and temperature
gradients, product’s surface moisture undergoes moisture equilib-
rium, and negligible shrinkage during drying. The analytical solu-
tion of the diffusion equation for above initial and boundary con-
ditions is given as

(14)

On considering a longer drying period, only the first term of the
series dominates and the initial uniform moisture content to be
unity by neglecting the term (8/2). The above equation can be
expressed as

lim
r 0
----------------

4r2 NA|r   4r2 NA|r+r

r
-------------------------------------------------------------

d 4r2NA 
dr

-------------------------   0

dPA

P   PA
--------------   

WRT
4DABP
-------------------

dr
r2
-----

W    
4DABPrs

RT
-----------------------

P  PA

P   PAs
-----------------ln

W    
4Di 1 F0 Prs

RT
------------------------------------

P   PA

P   PAs
-----------------ln

W    
d
dt
-----

4
3
--rs

3 A

MA
--------

 
      4

A

MA
--------rs

2drs

dt
------

  4
A

MA
--------rs

2drs

dt
------   

4Di 1 F0 Prs

RT
------------------------------------

P   PA

P   PAs
-----------------ln

dp
2

   dp'
2

  
16PMAdp

2 1 F0 2
 1 

RTA
-----------------------------------------------------

P   PA

P   PAs
-----------------ln

MR  
Mt   Me

Mi   Me
------------------

M
t
--------   Deff

2M
h2
----------

MR  
8


2
-----n0

 1
2n 1 2
-------------------  

2n 1 2


2 1 F0 2
 1 

8
-------------------------------------------------------

 
 exp
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(15)

The value of initial moisture diffusivity (Di) can be determined from
above equation. The relationship between effective diffusivity and
temperature is assumed to be an Arrhenius function of the type

(16)

where, D0 is the diffusivity constant at infinite drying temperature
(m2s1), R is the universal gas constant (8.3145 J mol1 K1), Ea is
the activation energy (kJ mol1), which is the minimum energy
required to break water-solid or water-water interactions and to
move the water molecules from one point to another in the solid,
and T is the absolute temperature (K). The value of D0 and Ea can
be obtained on plotting ln(Deff) with (1/T) on changing the above
equation in logarithmic form to a new linear equation as

(17)

RESULTS AND DISCUSSION

1. For Spherical Geometry-naphthalene Balls
In the present study, diffusivity of naphthalene balls (in the form

of a sphere) through a fluidized bed dryer were determined using
Fick’s diffusion equation. Table 1 shows the comparison of the experi-
mental and predicted diffusivity values for the variation in tempera-
ture, air velocity, drying time and thickness of the material for which
the minimum and maximum deviation is 1.669 and 24.394%,
respectively. The RMSE for the whole data comes out to be 8.28%,
which shows good agreement between the experimental and pre-
dicted values for the diffusivity.

The variation of diffusivity obtained from experimental and pre-
dicted model data at different temperature starting with initial weight

of bed as 200 gm and at constant velocity of 3.8 m sec1 is shown
in Fig. 2. By increasing the air temperature, it was observed that
the diffusivity increased rapidly with increase in temperature. This
is because on increasing temperature, mass and heat transfer rate

MR    


2 1 F0 2
 1 

8
-----------------------------------

 
 exp

Deff  D0  
Ea
RT
-------

 
 exp

Deff ln    D0    
Ea
RT
-------ln

Table 1. Experimental and predicted data for diffusivity of naphthalene balls
Time
(min)

Temperature
(oC)

Velocity
(m sec1)

Initial weight
(gm)

Final diameter
(cm)

D (lit)
(m2sec1)

D (cal)
(m2sec1)

%
Deviation

25 60 3.8 200 1.74 2.69E-09 2.63E-09 02.228
25 70 3.8 150 1.55 8.2E-09 7.72E-09 06.277
25 80 3.8 123 1.40 2.11E-08 1.82E-08 13.645
25 90 3.8 091 1.33 4.92E-08 3.72E-08 24.394
10 70 3.8 200 1.80 6.41E-09 6.27E-09 2.13
15 70 3.8 165 1.76 6.96E-09 6.72E-09 03.381
20 70 3.8 151 1.71 7.55E-09 7.19E-09 04.752
25 70 3.8 140 1.65 8.07E-09 7.57E-09 06.162
25 70 0.975 200 1.78 2.31E-09 2.27E-09 01.927
25 70 1.95 140 1.73 4.34E-09 4.19E-09 03.504
25 70 2.875 126 1.65 6.29E-09 5.98E-09 4.93
25 70 3.8 116 1.50 1.12E-08 1.03E-08 08.217
25 70 308 200 1.51 1.10E-08 1.01E-08 08.043
25 70 3.8 250 1.64 4.51E-09 4.35E-09 03.632
25 70 3.8 300 1.73 2.86E-09 2.79E-09 02.364
25 70 3.8 350 1.79 1.99E-09 1.96E-09 01.669

Fig. 2. Variation of diffusivity with temperature for naphthalene balls.

Fig. 3. Variation of diffusivity with time for naphthalene balls.
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are increased, which increases the driving forces, and it is also con-
cluded that there is significant reduction in size of the naphtha-
lene balls.

Fig. 3 shows the variation of diffusivity obtained from experi-
mental and predicted model data at different sublime time start-
ing with initial weight of bed as 200 gm and at velocity of 3.8 m
sec1. It was observed that the diffusivity increased linearly with
time since the regular heating of the material results increase in
diffusion.

Fig. 4 shows the variation of diffusivity obtained from literature
and proposed equation at different velocity starting with initial weight
of bed as 200 gm and at constant temperature of 70 oC. It was ob-
served that the diffusivity increases with velocity as with increase
in air velocity, mass and heat transfer rate are increased, which
increases the driving forces.

Fig. 5 shows the variation of diffusivity obtained from experi-
mental and predicted model data at different initial weight of bed
at constant temperature of 70 oC and constant velocity of 3.8msec1.
It was observed that the diffusivity decreased with increase in ini-

Fig. 4. Variation of diffusivity with velocity for naphthalene balls. Fig. 5. Variation of diffusivity with initial weight of bed for naph-
thalene balls.

Table 2. Mass transfer coefficient for naphthalene balls
Variation parameter Sherwood number Mass transfer coefficient

Temperature (oC)

60 1,595.022 0.000461
70 1,058.718 0.001003
80 727.7256 0.002007
90 690.8052 0.004857

Time (min)

10 1,188.953 0.000819
15 1,138.359 0.00088
20 1,089.658 0.000935
25 1,056.8 0.000997

Velocity (m sec1)

3.800 930.5675 0.001269
2.875 1,003.926 0.000730
1.950 948.0142 0.000462
0.975 844.0064 0.000210

Initial weight of bed (gm)

200 996.1237 0.001175
250 1,334.965 0.000647
300 1,551.159 0.000477
350 1,748.125 0.000374

tial weight of bed. This is because buoyant force provided by fluid-
izing air is the same but weight of the material increases, which
results in decrease in agitation and turbulency of the particle.

Mass transfer coefficient is a diffusion rate constant that relates
the mass transfer rate; hence, mass transfer kinetics was developed
using mass transfer coefficient and in turn diffusivity data with the
temperature (Table 2). The Sherwood number, which is called as
the mass transfer Nusselt number, represents the ratio of convec-
tive to diffusive mass transport and is defined as follows:

where, L is the characteristic length (m) for sphere it is the radius,
D is the mass diffusivity (m2sec1) and k is the mass transfer coef-
ficient (in m sec1). Mathematical expression of Sherwood num-
ber for the spherical particle is given by

Sh=2+0.6 (Re)1/2(Sc)1/3 (18)

Sh  
kL
D
------  

Convective mass transfer rate
Diffusive mass transfer rate
-----------------------------------------------------------------------
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Table 3. Experimental and predicted data for diffusivity for mushroom slices
Time
(min)

Temperature
(oC)

Velocity
(m sec1)

Thickness
(cm)

Experimental diffusivity
×1010 (m2sec1)

 Predicted diffusivity
×1010 (m2sec1)

%
Deviation

10
20
30
40
50
10
20
30
40
50
10
20
30
40
50
10
20
30
40
50
50
50
50
50
50
50

50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
40
60
70
50
50
50

0.975
0.975
0.975
0.975
0.975
1.950
1.950
1.950
1.950
1.950
2.875
2.875
2.875
2.875
2.875
3.800
3.800
3.800
3.800
3.800
3.800
3.800
3.800
3.800
3.800
3.800

1.600
1.600
1.600
1.600
1.600
1.600
1.600
1.600
1.600
1.600
1.600
1.600
1.600
1.600
1.600
1.600
1.600
1.600
1.600
1.600
1.600
1.600
1.600
1.200
0.800
0.625

3.9604
4.1620
4.3504
4.5121
4.6297
2.6047
2.4401
2.3902
2.2844
2.1945
3.0558
3.0788
2.8702
2.6814
2.541

7.3883
4.9848
4.1893
3.5354
3.0951
2.3485
5.6136
11.825
2.8778
1.833

1.6585

3.998
4.193
4.373
4.525
4.632
2.631
2.462
2.409
2.301
2.208
3.086
3.105
2.891
2.698
2.555
7.447
5.018
4.212
3.552
3.108
2.362
5.604
11.64
2.844
1.803
1.618

0.957
0.75
0.528
0.295
0.06
1.022
0.913
0.805
0.712
0.625
1

0.853
0.737
0.637
0.544
0.794
0.672
0.55
0.477
0.415
0.589
0.1652
1.5406
1.1711
1.6618
2.4254

Fig. 6. Variation of effective diffusivity with drying time at different velocities.
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2. For Non-spherical Geometry-Mushroom Slices
In the present study, diffusivity of mushroom dried (in the form

of slab) through a fluidized bed dryer was determined using Fick’s
diffusion equation. Table 3 shows the comparison of the experimen-
tal and predicted diffusivity values for the variation in tempera-
ture, fluidizing velocity, drying time and thickness of the material
for which the minimum and maximum deviation are 0.06 and
2.4254%, respectively. The RMSE for the whole data comes out to
be 0.936%, which shows good agreement between the experimen-
tal and predicted values for the diffusivity.

Fig. 6 shows the variation of experimental and predicted diffu-
sivity with drying time at four different velocities. In Fig. 6(a) the
effective diffusivity increases slightly with drying time at low veloc-
ity. Fig. 6(b) and (c) show the slight decrease in the diffusivity with
drying time with moderate velocity, whereas Fig. 6(d) shows a
large decrease in diffusivity with drying time at high velocity. It
can be concluded that the predicted model has a good agreement
in showing the nature of the experimental data.

From Fig. 6, it was observed that velocity shows a dual nature
for diffusivity. With the same temperature of 50 oC, at low velocity
the diffusivity increases, whereas at high velocity diffusivity de-
creases. It is because at low velocity there is greater internal resis-
tance, whereas at high velocity, although the heat transfer rate is
high, the external resistance becomes very high as compared to inter-
nal resistance and, thus, becomes rate limiting.

The values for the plot were obtained at velocity of 3.8 m sec1

and for drying time of 50minutes. By increasing the air temperature,
the mass and heat transfer rate are increased due to the increase in
the driving forces. Similar behavior can be obtained from Fig. 7; as
with increase in temperature, there is a sharp increase in effective
diffusivity and also a sharp decrease in moisture ratio signifying a
large amount of moisture transfer at high temperature.

The values for the plot were obtained at velocity of 3.8 m sec1

and drying time of 50 minutes, which shows that the drying pro-
cess is externally controlled. With increase in thickness of the slab,
the reduction in moisture ratio decreases, which is due to the higher
heat and mass transfer resistance offered by the thicker material, as
can be seen through Fig. 8. On the other hand, from Fig. 6(d), for
velocity 3.8 m sec1, effective diffusivity decreases, but here the
increase in thickness further strengthens the internal resistance, as

much thicker material requires much longer drying length. Hence,
the effective diffusivity increases as both the internal and external
resistances are comparable.

Fig. 9 shows the relation of effective diffusivity (lnDeff) and abso-
lute temperature to be linear, which relates to Arrhenius relation
between effective diffusivity and temperature. The values for the
plot were obtained at velocity of 3.8 m sec1 and for drying time of
50 minutes. The value of R2 (determination coefficient) is 0.962.
From the plot, the value of diffusivity constant (D0) obtained is
1.828×109 m2sec1 and the value of activation energy (Ea) obtained
is 4.523 kJ mol1.

CONCLUSIONS

Drying characteristics in terms of diffusivity were compared for
spherical naphthalene balls and non-spherical mushroom slices (in
the form of slab). The variation of diffusivity was examined by vary-
ing drying parameters, including inlet air temperature, velocity,
drying time, initial weight of bed and thickness of the material.
The predicted model is based on the variable diffusivity as a func-
tion of time in the form of dimensionless Fourier number. It was
observed that the predicted model has a good agreement in show-
ing the nature of the experimental data.

For naphthalene balls, a deviation of the model predicted diffu-
sivities from experimental was observed with RMSE of about 8.28%.
The diffusivity shows significant increase with temperature that
slightly increases with drying time and velocity, whereas decreases

Fig. 7. Variation of effective diffusivity and moisture ratio with tem-
perature for mushroom slices.

Fig. 8. Variation of effective diffusivity and moisture ratio with thick-
ness of mushroom slice.

Fig. 9. Variation of ln(Deff) versus 1/temperature for mushroom slices.
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with increase in initial bed weight. Mass transfer coefficients ob-
tained for naphthalene balls were in the range of 2.1×104 to 4.857×
103 m sec1.

For mushroom slices, lower deviation of the model predicted
effective diffusivity from experimentally determined effective dif-
fusivity was observed with RMSE of about 0.936%. The effective
diffusivity was found to increase significantly with increase in dry-
ing temperature and slightly with increase in thickness of the mate-
rial. At lower velocity (for internally controlled process), the effective
diffusivity increases slightly with drying time, whereas at higher
velocity (for externally controlled process) the effective diffusivity
decreases significantly with drying time. The value of diffusivity
constant (D0) obtained is 1.828×109 m2sec1 and the value of acti-
vation energy (Ea) obtained is 4.523 kJmol1.
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