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ABSTRACT:
The quest for novel technologies in the area of food processing & preservation has led to the
application of fluidization technique for enhancing the process capabilities, energy
efficiencies and overall quality retention in the final products. However, this paper reviews
the various fruits and vegetables dried in the fluidized bed dryer and their retention of
sensory attributes in the dried products. This review states that fluidized bed drying indeed
has proved better compare to conventional drying (i.e. tray/cabinet drying) in respect to
drying time of fruits and vegetables.
Key-words: Drying, fluidized bed drying, food preservation, food processing, and fruits &
vegetables.
INTRODUCTION
Fluidized bed dryer are found throughout all industries, from heavy mining through food, fine
chemicals and pharmaceuticals. They provide an effective method of drying relatively free
flowing particles with a reasonable narrow particles size distribution. The feed may take the
form of powders, granules, crystals, seed, pre-forms and non-friable agglomerates. Fluidized
bed dryers can process a wide variation of feed rates from pounds to several hundred tons per
hour. Three principle types of fluidized bed dryers exist. The first type is referred to as a
static fluid bed because the dryer remains stationary during operation. Static fluidized bed
dryer can be continuous or batch operation and may be round or rectangular. The second type
of fluidized bed dryers is a vibrating fluidized bed dryer where the body of the dryer vibrates
or oscillates, assisting the movement of material through the unit. Vibrating fluidized bed
dryers are almost exclusively rectangular in shape. Fluidized bed dryers are extensively used
in particular solids drying because of their high rates of heat and mass transfer and the
reduced drying times.
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Fluidization is the state at which all the particles comes in the suspended form. When a fluid
is passed upwards through a bed of particles the pressure loss in the fluid due to frictional
resistance increase with increasing fluid flow. A point is reached when the upward drag force
exerted by the fluid on the particle in the bed. At this point the particles are lifted by the
fluids separation of the particle increases and bed becomes fluidized therefore the fluidization
is the operation by which fine particles are transformed in to a fluid like state through gas or
liquid.
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FLUIDIZATION
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The superficial gas velocity at which the packed bed becomes a fluidized bed is known as
minimum fluidization velocity Umf. This is also sometimes referred to as the velocity at
incipient fluidization (incipient means about to begin). The effect of operation conditions in
fluidized bed dryers is complex to estimate because of the interactions between them and also
the intrinsic properties of the drying solids. In the description of these types of dryer
mathematical models based in two phase’s fluidization theory (bubble and dense phase) has
been presented. These types of models allow predicting the effect of the operation condition
of the coupled processes of heat and mass transfer.
The important parameter is the velocity of drying air in fluidized bed dryers, which differs
from a fixed bed in bin dryer. A schematic drawing of fluidized bed dryer is shown in Fig. 1
and Fig. 2, Kernels in a fixed bed dryer remain in place due to relatively low flow rate of the
air; they are suspended in air in a fluidized bed dryer. As the velocity of the air to a grain bed
is increased, the static pressure of the drying air also increases until it reaches to the
equivalent of the weight of the kernels per unit area of bed, and the kernels become
suspended or fluidized in the air. Moderate mixing of the kernel results during the
fluidization process. As the air velocity is further increased then rapid mixing of particle is
occur which controlled by bubbles in the bed. Beyond that limit of air velocity particle start
to convey & bed act as a pneumatic transport shown in Fig. 1.

Fig. 1: Region of fluidization (Brooker et al., 1992)
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U = air velocity; U0 = air velocity for incipent fluidization; Ur = terminal fall velocity of
particles; C = pressure drop over particle layer.

Fig. 2: Concept of fluidized bed drying (Murthy and Joshi, 2007)

The fluid bed consists of two phases:
(1) Particle phase: A homogeneous mass with the voidage and gas velocity.
(2) Bubble phase: Containing all excess gas and nearly free from particles. These gas bubbles
are responsible for the mixing of the particulate phase.
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Fluidized bed drying is a boon for the drying of food especially fruits and vegetables. Some
experiment were carried out by some researchers are discussed in this paper. Kaur and Bawa
reported that pre-treated and fluidized bed dried pea samples, showed that the drying air
temperature, volume of air, weight of sample and pre-treatments affected drying
characteristics and quality. Unblanched, water-blanched and alkali-blanched pea samples
(350 g) dried in a fluidized-bed-drier (blower speed of 6; and drying temperatures of 100, 120
and 140 °C) showed the best results in terms of dehydration characteristics. Mustard one of
the popular oil seeds is investigated for drying in batch fluidized beds. Experiments were
conducted to assess the kinetics of drying for the variation in the inlet air temperature, the
inlet air flow rate and the solids holdup in the fluidized bed. The drying rate was found to
increase significantly with increase in temperature and with flow rate of the heating medium,
while decrease with increase in solids holdup. The duration of constant rate period was found
to be insignificant, considering the total duration of drying (Srinivasakannan, 2008).
Jingsheng et al. (2008) observed that Soybean seeds were contacted with silica gel in a
fluidized bed, where mass transfer is driven by moisture concentration gradient. It has the
advantage of well-mixing the solid adsorbent (silica gel) with the material being dried
(soybean seeds) in fluidization state, and thus the dried seeds quality could be improved since
they are in a uniform environment of low humidity.
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APPLICATION OF FLUIDIZED BED DYRING
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An industrial-scale batch fluidized bed dryer was used to dry finely chopped coconut pieces.
The effects of various operating parameters i.e. the values and patterns of inlet air velocity
and temperature, on the drying kinetics and some selected quality attributes of dried coconut
viz. color and surface oil content were then examined. The surface oil content of the product
dried by any tested conditions was still higher than that of the reference sample, which is
accepted by the market (Niamnuy et al., 2005).
Thakur and Gupta (2007) reported that the experimental investigations were carried for the
determination of suitable rest duration and the stage; at which resting will provide better redistribution of internal moisture in paddy grains subjected to fluidized bed drying. Incipient
velocity was evaluated considering the drying conditions and the characteristics of the high
moisture paddy. Intervening rest duration between first and second stage of drying, enhanced
drying rate, reduced energy consumption and improved head rice yield. Energy requirement
can be significantly saved (9–58 %) by providing rest durations (30–120 min) in comparison
to the continuous drying.
According to Murthy and Joshi (2007) has been made to study the dehydration of aonla fruits.
Aonla fruits, being highly perishable, cannot be kept for long periods. Aonla contains a very
high amount of vitamin C, which is highly volatile and susceptible to heat. Sun drying
required the longest period of drying 660 min (11 hrs), while the shortest time of drying is
with fluidized bed drying at 80 °C with 115 m/min air velocity 120 min (2 hrs). The results
indicate that there is great loss of most of the ascorbic acid in the aonla slices. The retention
of ascorbic acid in the samples dried in fluidized bed drying is greater compared to those
dried under sun and hot air tray.
There are several drying methods available for the drying of foods. One is fluidized bed
drying, commonly used in drying particulate materials. Due to the rapid drying it has been
considered as an economical drying method compared with other drying techniques (Borgolte
and Simon, 1981; Giner and Calvelo, 1987).
Herguido et al. (1992) sawdust drying was studies of the gasification of sawdust in a
fluidized bed indicate that the required moisture content is 8–12 %. The pulsed fluidized bed
dryer is a modified conventional fluidized bed in which gas pulses cause vibration of the
particle bed (Gawrzynski and Glaser, 1996).
Drying of foods is a major operation in the food industry, consuming large quantities of
energy. Dried foods are stable under ambient conditions, easy to handle, possess extended
storage life and can be easily incorporated during food formulation and preparation. The
drying operation is used either as a primary process for preservation, or a secondary process
in certain product manufacturing operations (Fusco et al., 1991; Senadeera et al., 2003).
Singh et al. (2007) reported that kinetics of sliced edible mushrooms was studied during
fluidized bed drying at different temperatures (50, 60, 70, 80 & 90 °C). Prior to drying, sliced
samples were treated: a) blanching, b) soaking in 0.5 % KMS (Potassium Metabisulphite)
solution, c) soaking in 1 % KMS, 0.2 % Citric acid, 6 % sugar and 3 % salt. It was found that
drying rate was proportional to temperature. The values of energy of activation ranged
between 12.128 to 40.149 kJ/mol.
Drying of ginger flakes was studied under fluidized bed conditions in the temperature range
of 50 to 80 °C and pretreatment of calcium oxide in the range of 1 to 2.5 %. Drying rate at 60
°C air temperature decreased from 0.43 to 0.17 g/s with the change in moisture content from
300 to 10 % db. The volatile oil in dried in dried flakes decreases from 1.2 to 0.99 % with
increase in drying temperature from 50 to 80 °C (Singh et al., 2008).

An air velocity of 1800 cfm was used for the first 10 min and was gradually lowered to 900
cfm by the end of the drying. Drying of the granules was stopped when the sample taken
from the fluid bed sampling port reached a Loss of Drying (LOD) value of 3 % to 4 % as
measured by a moisture balance at 105 °C. To confirm that the drying was complete, samples
were taken for LOD measurement using a sample from various locations in the conveying
fluid bed. The drying speed was within 30 min and the temperature was also uniform. Drying
process allowed proper fluidization of granules and provided enough time to allow diffusion
of the moisture from the granulation core to the surface (Naveen et al., 2009).
According to Borgolte and Simon (1981) the energy required to accomplish this task is huge,
and much work has been devoted to maximizing the thermal efficiency of dryers in order to
reduce the necessary heat consumption. Fluid bed drying has been recognized as a smooth,
uniform drying method, capable of drying down to very low residual moisture content with a
high degree of efficiency. This process is characterized by high moisture and heat transfer
rates and excellent thermal control capacity compared with conventional drying processes
(Vanecek et al., 1966; Hovmand, 1987). It is also a very convenient method for drying heat
sensitive food materials as it prevent them from overheating due to mixing (Gibert et al.,
1980; Giner and Calvelo, 1987). Fluidized bed drying can be carried out as a batch or
continuous process (Shilton and Niranjan, 1993).
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According to Lehmann (1992) the high demand for encapsulated material in the global
market, fluid–bed coaters have become more popular. They are used for encapsulating solid
or porous particles with optimal heat exchange. Guignon et al. (2002) reported that the fluid
bed encapsulation process consists of spraying a coating solution into a fluidized bed of solid
particles. After several cycles of wetting–drying, a continuous film is formed. Both
qualitative and quantitative results are presented for several industrial applications. The main
parameters affecting the process are flow-rate and pressure of the spraying liquid,
composition and rheology of the coating solution, flow-rate and temperature of the fluidizing
air.
The rate of heat transfer between the bed and submerged surfaces is very high and the intense
solid mixing inside the bed causes a temperature distribution that is almost uniform inside all
the fluidized bed. These facts allow for reducing the time of drying and the level of
temperature of the input hot air required for drying the solid. Furthermore, the drying in
fluidized bed avoids the formation of hot spots and makes easy the management of the solid
as well as the overall control of the operation (Palancar et al., 2001).
Ulku and Uckan (1987) observed that the modeled a batch fluidized dryer as a homogeneous
system; the bubbles are ignored and the rate of the internal diffusion inside the solid particles
is the controlling step of the overall drying rate. The two-phase theory has been used by
several authors to model the fluidized bed dryers (Lai et al., 1986; Donsi and Ferrari, 1992
and Zahed et al., 1995).
The fluidized bed dryer used in the study is a small pilot plant consisting of a cylindrical
vessel 5.4 cm I. D. and 40 cm height (fluidized bed zone) joined by a conical device to an
upper cylinder 19.2 cm I. D. and 30 cm height. The wet solid is fed from the hopper. The
dried solid is discharged from the fluidized bed by means of another valve (Arago et al.,
1998).

5

OTHER APPLICATIONS OF FLUIDIZED BED DRYER

This study concludes the importance of fluidized bed dryer over the conventional dryer for
drying of fruits and vegetables. Due to increased energy and operational efficiencies they
afford fluidized bed drying in industrial sectors. Fluidization gives maximum surface area for
the higher heat and mass transfer during drying. Heating in this technique provide much
benefit as compare to traditional one. But the high capital investment warns that they should
be assisted with the conventional heating in commercial purpose also.
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In conventional drying processes, the drying time is generally between 3 to 8 h. At these
conditions it is hard to keep the taste or the color unchanged, due to the enzymatic browning.
Using fluidized bed drying (FBD), the drying time can be considerably reduced and the
whole material can be uniformly dried (Tirawanichakul et al., 2004; Bauman et al., 2005 and
Kwauk et al., 2000).
The moisture content at the transition between constant and falling rate periods is called the
critical moisture content (CMC). Further, the falling rate period can be subdivided into
unsaturated surface drying region and internal movement of moisture-controlling region
(Kundu et al., 2001 and Tanfara et al., 2002). If drying is continued for a long enough period
of time, the value of moisture content approaches the equilibrium moisture content (EMC).
For a given material this is a function of relative humidity and temperature. During the
constant rate period, the fruit particle surface is wet enough for the air layer adjacent to the
fruit surface to saturate. During this period the temperature of the particle surface remains
constant at the wet bulb temperature of the air. The constant rate period and the falling rate
period are dependent on the operating temperature of drying and the airflow (Bauman et al.,
2005 and Kundu et al., 2001).
The fluidized bed drying process of green peas was optimized using the response surface
methodology for the process variables: drying air temperature (60-100 °C), tempering time
(0–60 min), pretreatment, and mass per unit area (6.3–9.5 g/cm2). The green peas were
pretreated by pricking, hot water blanching, or chemical blanching. Product quality
parameters such as rehydration ratio, color, texture, and appearance were determined and
analyzed. Optimum conditions of 79.4 °C drying air temperature, 35.8 min tempering time,
pretreatment of the once pricked peas with chemical blanching in a solution of 2.5 % NaCl
and 0.1 % NaHCO3, and mass per unit area of 6.8 g/cm2 were recommended for the fluidized
bed drying of green peas. At these conditions the rehydration ratio was 3.49 (Burande et al.,
2008).
Sokhansanj and Jayas (2006) fluidized bed drying is a well-known process that has been
widely used in the dairy and pharmaceutical industries for drying, granulating, and coating
operations. Fluidized bed drying process has been successfully used to dry many agricultural
products of different particle sizes (ranging from 10 mm to 20 mm) such as wheat and corn
grains; cut green beans; slices of carrot, celery, mango, or kiwifruit; button mushrooms; and
green peas. In fluidized bed drying, the drying air is introduced at a velocity at which the
material remains fully suspended in the hot air stream and dries with high rates of heat and
moisture transfer. The high rate of heat transfer results in instantaneous evaporation of
moisture at the entry point (Law and Majumdar, 2006).
Svetozarova and Burovoi (1965) developed mathematical models considering various
idealizations to describe fluidized bed drying processes. These models are useful to study
fluidized bed drying and to develop a computerized automated process control system.
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