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Abstract 

 
Drying of food material enhanced the long life, lowers the packaging 
expenditure, lesser transportation weights, improves the form of grain, 
summarize unique taste and preserve nutritional quality. Nowadays, fluidized 
bed drying has vital importance for drying food materials.  In fluidized bed 
dryer, superior quality of various food materials with a dissimilar physical 
parameter, bulk density, and size can be accomplished by means of 
intermediate and low-rank thermal energies. The existing descriptions of 
review sum-up the significance of fluidized bed drying for a range of food 
material.  
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INTRODUCTION  

In In a food process, drying is a very important process for the self-sustainability for 
long duration of grain. Drying is defined as the process where removal of moisture 
from wet food material is carried out to increase the durability of food. At present 
days effective and efficiently controlled drying of wet food material is very vital to 
prevent food spoilage. Since drying is consumed more power and has an 
environmental effect, it is essential to develop fluidized bed dryer. 
In this review, dissimilar types of fluidized bed dryer are studied for food process 
application. Lot wise operation is usually chosen for smaller production unit where 
process conditions are easily selected in batch drying hence the product has consistent 
quality. However, continuous process corresponds to its properties are sorted out[1] . 
In sun exposed drying, food is in constant contact with the open air and become 
spoiled due to the dust particle transferred by the air. Among various dryer, some 
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methods fluidized bed having short drying times which are caused by the effective 
contact between the drying mediums. High quality and low consumption of energy 
can be obtained in drying[2] . 
In latest years, food drying has wide-ranging operation for safeguarding of food in 
their final form during intermediate operation [3]. Fresh raw vegetables and food 
granules are highly prone to spoil due to more MC (moisture contents). With superior 
drying process it is easier and cheaper due to less weight and volume  of product for 
protective carriage[3].  
There is various arithmetic models have been considered to explain the drying 
performance of products related to agriculture. These are generally in three types, 
theoretical, semi-theoretical and practical models. In simulations drying technique, 
semi-theoretical and practical models are simple to use but they are applicable only to 
some stage of drying velocity and temperature, humidity and moisture percentage in 
product are conceded[4]. The peak value of exergy efficiency was noticed in fluidized 
bed dryer. The pulse fluidized bed causes the moments of particles which allows an 
increase in fluidization and minimizes the pressure fall in system[5]. 
There are various studies determined for drying kinetics for drying rate constants, 
temperature, and their relationship. In fluidized bed dryer due to even fluidization, 
moisture content reduced evenly with less drying time[5]. The fluidization occurs 
such that hot fluid flows evenly in a dryer and mixed thoroughly with the drying food.   
 

 
 

Figure 1: Schematicdiagram of typical FBD dryer 
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Figure 2: Drying curve 
 
 
A representative drying curve has three different periods (Fig.2) in starting stage 
preheating of the product by transferring sensible heat is taken during process. In next 
level which is constant rate stage where free moisture at the surface of grain gets 
evaporated, this process continues until and unless all surface moisture of product 
evaporated. In any type of drying curve of product falling stage has more importance 
and drying stage is so less that it can be neglected then only falling stage act as 
crucial. The dryer performance is resolute by reduction in loss of moisture weight 
from drying rate of the moist product[3][4][6]. 
The main intention of this review on the FBD (fluidized bed dryer) drying is to 
consider various aspects on food products, drying parameters on products quality, 
nutritional qualities and a way for less cost of operation. 
 
 
FLUIDIZED BED DRYING FEW FOOD MATERIAL  

In this part of a review the theoretical as well as practical studies on drying of few 
food products taken into thought. All the significant parameters like types of the 
manufactured goods, drying temperature, velocity, and wetness content, and storage 
environment, particular techniques are taken into considerations during drying.   
There are plentiful drying techniques other than FBD are found in literature survey 
but this review is concentrated on only the FBD drying techniques and operation. The 
literature review undoubtedly indicates that quite a bunch of successful challenges 
have been taken for drying all types of food products like fruits, vegetables, granules 
in the dryer with appreciated results of methods. 
 
Coconut slices 

T. Madhiyanon et al studied drying properties of sliced little-chopped coconut in a 
fluidized bed dryer system and plotted curve for thin type layer models[7]. The drying 
rate is even and model coefficients depend on drying temperature considering 
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effective diffusivity as well as activation energy. To overcome the problem of a bare 
spot during drying chopped coconut, continuously-rotating blades (stirring blades) 
operating at 40 rpm were provided over the air distributor plate, to swirl the chopped 
coconut. This prohibited the aggregation of chopped coconut particles being dried out 
and spreading them evenly over the distributor plane[7]. The analysis of drying 
kinematic shows that With an initial moisture content, crushed coconut was dried as a 
sole layer moisture content of around 3% at drying temperature 60–120 °C[7].  It is 
found that moisture content dropped in early time and as the liberation of natural 
moisture. When the product surface becomes harder due to shrinkage, the rate of 
moisture decrease and become better at a higher temperature. 
Chalida Niamnuy et al made an try to categorise a suitable drying condition and give 
a product which is analogous in quality, moisture content, as well as colour and oil 
content[8]. It is examined that the pace of drying for coconut is more in a period 
varying conditions than steady drying environment. The period varying conditions 
outcomes in fewer outer surface oil as compared drying in a constant condition. This 
is because of the final drying time were less than that required in the constant drying 
method hence oil between particle took  less time to move within their surface.  
W. H. Prieto et al.[9] study was to estimate the possibility of obtaining a snack from 
drying of green coconut blend at different temperatures (60 to 80 °C) in cabinet 
drying. Product quality was valued on the basis of moisture content, colour and 
texture analysis and results compared with from method variables. 
 
Broccoli Florets 

Alejandro R et al concluded that the highest exergy efficiency was obtained in a 
fluidized bed dryer and maximum antioxidant activity of broccoli is found with 
high temperature[5]. The typical approach which employs the idea of effective 
diffusivity permits moisture diffusion by Fick’s   second law. 

 
(∂X˙)/∂t=∇•(Deff  ∇X)                                 .................. (1) 

 
Equation (1) incorporated into various geometries, primary conditions, and unique 
physical consideration which give cause to various mathematical models for the 
system[5]. This work believed that during the drying process the effective 
diffusivity (Deff) and drying air are stable and the solids are stabilised regarding a 
unidirectional diffusion coordinate, where X˙ stand for general moisture content. 
The variation of temperature on the progression of sulforaphane content in broccoli 
whereas the conclusions can be used to produce a dehydrated product enriched in 
sulforaphan[10]. It is observed that as dying process progresses sulforaphane 
degradation began at 40°C at the same time glucoraphanin formed due to which 
Sulforaphane content increased subsequently it decreased till the end of the 
process. The highest level of sulforaphane was obtained by drying air temperature 
of 70 °C which shows an 18.9% raise with regard to the initial sulforaphane 
content in the fresh vegetables[10]. The utmost sulforaphane retention observed at 
high drying air temperature which is four-fold extra than that of in fresh broccoli, 
and it is found maximum in dried food. The model gives a reasonably good 
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practical data which leads to getting correlation with the best-fit curve for drying 
process representing the sulforaphane evolution. 
Arturo Duarte-Sierra et al establish a method to provide heat for drying in terms of 
doses which means heating with respect to temperature and time, where hot 
humidified air suggested reference dose of heat using electrolyte seepage detection 
in broccoli[11]. 
 
Corn 

Mert Gur and Mesut Gur, they compared drying in fluidised bed dryer and convective 
tray dryer and concluded that corn drying mainly occurs during falling drying rate 
period [2]. On an average basis, there is an increase in effective coefficient by 72 %. 
Due to homogeneous mixing diffusivity is more in FBD than convective tray dryer 
and significantly increases heat and mass transfer. 
The experimental result of Pongjet Promvonge et al shows that the utilisation of 
various air velocities ends up in a major impact on the drying[12]. The fluidized bed 
without triangular wavy walls provides lesser oscillation and causes lesser heat 
transfer rate between peppercorns and hot air resulting in the lower transfer of 
wetness in peppercorns. The impact of pre-treatment resolution on the drying time 
and to check drying performance of processed and unprocessed corn kernels was 
researched by Ibrahim Doymaz et al[13]. Completely different mathematical models 
like the Page were exponential equations applied to suit the experimental information 
for predicting the drying performance of corn for determining the active diffusivities 
as well as activation energies. Corn kernels are treated with ethyl group oleate in 
carbonate solution which resulted in comparatively sensible colour quality and higher 
drying rates than unprocessed corn grain. 
 
Soybean 

Hosain Darvishi, et al[2] they examined drying qualities such as cracking, bulk 
density, shrinkage, and rehydration of soybean kernels with a change in airflow 
temperature and velocity. It is found that high temperature causes cracking with low 
rehydration ratios and v-shaped crack in soybean. The conclusion was made that as 
drying temperature, air velocity and drying time increases, cracking percentage also 
increases. Maximum rehydration ratio was achieved with less shrinkage and bulk 
density with increasing the drying air temperature. 
Torrez Irigoyen et al focused on making a bed-level model which helps in simulation 
for toasting and energy balances for fluidized bed dryer for soybean[14]. Which 
increases, the efficiency through reducing the specific energy consumption for 
process and helps in equipment design. Soponronnarit et al constructed a model for 
fluidized bed dryer having the quality feature of soybean for developing the 
operational design of dryer[15].  
It is important that volume and density of soybean obtain with a good quality in 
fluidized bed dryer. R. Martín Torrez Irigoyen et al investigated soybean expansion 
throughout soaking, drying–toasting and predicted shrinkage coefficients by fitting 
the volume data for the process[16]. Shrinkage coefficients were calculated by fitting 



40 Ashish. S. Meshram and Dr. Uday. S. Wankhede 

the volume for trial data. It is found that with the good swelling coefficient of grain 
with higher shrinkage coefficients are obtained. 

 

 

EFFECT AND ANALYSIS OF FLUIDIZED BED DRYING 

HYDRODYNAMICS 

In drying, it's very necessarily that the moisture content of grain should be within the 
desirable limit. Normally moisture is carried away by grains to the hot air flow where 
the hydrodynamics of particle influence the quality of the end product. So it is 
beneficial that neither high nor low velocity of air flow should be maintained to avoid 
ineffective drying. 
Fariborz Taghipouret al investigates computational study on hydrodynamic of 
particles and simulation to determine coefficients of momentum exchange with 
evaluation of model parameter[17]. Binod Sreenivasan et al they studied the 
hydrodynamic characteristics of the dryer and it is observed that during swirling in 
fluidized bed the tangential factor of velocity reduced to zero but it appears to be good 
for a shallow method of operation[18]. It is seen that pressure drop increases in the 
swirling regime with the flow of gas which depends on the centrifugal weight of the 
dryer bed and the angular velocity of grains.  
It is also important that the moisture circulation of wet particles within bed also have 
important significance. Ville Rimpilainen et al Study shows the consideration of the 
hydrodynamics using 3D tomograms for fluidized bed dryer with time pipe and 
standardised moisture graphs as this graph gives important information about the 
hydrodynamics of process. It is observed that the average threshold moisture 
circulation and the average moisture values give exact approximation about surface 
air velocity. 
 

 

ENERGY CONSUMPTION IN FLUIDIZED BED DRYER 

The solicitation of suitable fluidized bed dryer depends on the mainly energy 
consumption and efficiency of the dryer. Ali Motevali et al studied various 
techniques to compare the energy consumption and the efficiency of the dryer for 
instance with hot air with infrared, using the microwave, vacuum, and solar drying to 
analyse the drying[19]. It is seen that thermal as well as drying efficiency affected by 
temperature and air velocity of the dryer.  
Ali Motevali et al analysed the relationship of energy consumption using different 
drying techniques for fruit where energy consumption is less in microwave drying 
while it is more in the vacuum dryer[19]. It is also observed that energy consumption 
for the infrared dryer is less for low radiation strength and low air velocity while 
energy consumption becomes more if radiation and air velocity strength is increased. 
The best approach to compare the energy consumption is analysing the exergy and 
energy for the system. Md. Sazzat Hossain Sarker et al they analysed the exergy and 
energy of paddy drying and came to know that during drying process energy 
consumption and the energy usage ratio increases with the decrease in exergy 
efficiency with the much more temperature of the system[20]. It is seen that during 
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drying moisture content obtained maximum when the temperature is low and vice 
versa. When the drying air temperature is more, the energy usage ratio shows 
maximum value for the dryer.  
Ricardo M. et al Studied the dying feature of soybean and found that it requires of 
maximum air velocity flow rates for better fluidization, though the exit velocity 
found to be relatively lesser during the progression[14]. When the system is provided 
with simulation and modelling with redistribution of outlet air, there is an increase in 
all efficiencies and the specific energy consumption which is relatively obtained 
minimum. 
 
QUALITY OF DRYING IN FLUIDIZED TYPE BED DRYER 

Quality is considered to be the most important parameter for costs and design of the 
system. This parameter can be attained by developing suitable mathematical 
programming and thermodynamic model for the system. There is the importance of 
presenting analytical relationship using Pareto-techniques so that to obtain 
encouraging results as far as quality of the product is concerned which is calculated 
by using multipurpose mathematical programming[21].  
It is necessary that the nutritious value of drying goods must be preserved throughout 
drying process which is obtained by providing gentle drying to the product. X. Jin et 
al developed the drying to get maximum energy efficiency and preserve of heat 
sensitive parameter[22]. The nutritional values of the product can be observed by 
analysing moisture and temperature graphs which demonstrate that quality of the 
product. It is seen that maximum level of energy efficiency was achieved with the 
help of drying rate and temperature. The energy expenditure can be shared equally by 
optimising Moisture versus temperature graphs for maintaining the nutritional value 
of the product which pays attention for optimising steady drying techniques. 
 

Table 1:Fluidized bed drying of few food products 

References 
food 

product 
Aim 

experimental or 

simulation variable 
conclusion 

[7] 

Chopped  
Coconut 

To develop 
model for thin 
layer drying 

temperature 
(60,80,110)°C, volume 

moisture content 

With dryer temperature 
and constant velocity fit 
curves plotted for drying 

kinematics. 

[5] broccoli 
floret 

to analyse drying 
in a fluidized bed 

temperature(60-80)℃, 
size(1,3)cm, flow rate, 

rotation speed 

moisture content observed 
lower and shrinkages of 

volume up to 4% 

[2] Corn 

to compare 
drying in 

convective and 
tray drying in 

FBD 

Temperature (50, 60, 
70)℃ 

,height(30,60,90)mm , 
size. 

drying proceed in drying 
falling rate stage and 

controlled by moisture 
diffusion 
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[3] carrot thermodynamic 
analysis in FBD 

air 
temperature(55,26,75)℃
, velocity(0.45-2.5)m/s 

energy utilization ratio 
increases with increases in 

temperature, exergy 
efficiency increases with 
increases in temperature 

[20] paddy 
energy and 

exergy analysis in 
FBD 

air temperature(29-
32℃, 25.5-27℃) , 
moisture content 

drying characteristics of 
paddy were predicted, 

lower energy loss 
ultimately increases exergy 

efficiency 

[2] soybean 
to study the effect 

of FBD on 
soybean kernels 

air temperature 
(80,100,120,140)℃ 
,flow rate (1.8, 3.1, 

4.5)m/s ,relative 
humidity(at 18℃ 34-

45%) 

Percentage of cracking of 
soybean increase with 
drying temperature, air 

velocity and drying time. 
hydration ratio obtained 

highest at 80℃ and 3.1m/s. 

[8] coconut 

to study and 
identify drying 
kinematics and 

quality of 
coconut dried in 

FBD 

drying 
temperature(65,80,90,12

0)℃ , velocity (3.8 to 
5.9)m/s ,moisture 

content 

Highest inlet velocity led 
to high drying rate less 
surface oil content and 

quality also maintained. 

[9] coconut 
pulp 

to evaluate drying 
of coconut for 

obtaining snake 
like the product 

drying 
temperature(60,70,80,90

)℃ , speed ,moisture 
content 

Drying at 70℃ led to a 
better product, texture is 

crispy. Dehydration is very 
good way to make green 

pulp useful. 

[10] broccoli 
floret 

to evaluate 
sulforaphane 

content in 
broccoli during 

tray drying 

air 
temperature(60,70,80)℃ 

,humidity(40-60)% 
,width (0.7-0.9)cm 

Sulforaphane content is the 
maximum at beginning 
then decrease until end 

process. Maximum 
sulforaphane obtained at 
70℃ which is higher than 
found in fresh broccoli. 

[11] broccoli 
floret 

to determine 
hermetic heat 
treatment of 
broccoli flex 

using hot 
humidified air 

temperature(32-52)℃ 
,time(5 to 1400)min 

The heat treatment at 41℃ 
for 180 min is considered. 

Hermetic dose for retaining 
of the colour of broccoli. it 
improves the  self-life of 

broccoli 
 

 

CONCLUSION 

This study concludes that the significance of fluidized bed dryer over the traditional 
dryer for drying of food agro-product. Fluidization in dryer improves quality, hue, and 
texture of food product with a significant decrease in moisture content. Fluidization 
provides maximum surface area due to which transfer of heat, mass in dryer occur 
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evenly due to which drying time is minimised. Fluidized bed drying significantly 
reduces the moisture content of food product improving energy and exergy 
efficiencies, hydrodynamics effect and reducing energy devour for drying. 
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