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Abstract:

Drying of agricultural grains, seeds is widely used to prevent biodegradation and for further processing. Fluidized bed
technology is one of the most effective means for the interaction between solid and gas flow, mainly due to its good mixing and high heat
and mass transfer rate. When applied to drying of non-porous moist solid particles, the water is drawn-off driven by the difference in water
concentration between the solid phase and the fluidizing gas. The use of a fluidized bed dryer with a lateral air flow and mechanical activity
to the drying of some selected grains was investigated. The drying rates curves in terms of moisture content versus drying time for moth
beans and soybeans were obtained experimentally using a fluidized bed, the drying rates were found to be dependent on the inlet air
temperature and velocity. The effects of heat and mass transfer parameters on the efficiency of fluidized bed drying have been studied to
optimize the input and output conditions. The analysis was carried out using two different materials, soybean and moth beans.
Experimental curves of moisture content vs. drying time, as well as drying rate and the size characteristics of the products, were
determined at temperatures between 50°C and 90°C, and air velocity of 0.5m/s – 1.5m/ for moisture content 45-58 % (db) to about 20-26
%(db). The objective of this study was to examine the effects of the fluidized-bed drying method on the final quality on various grains. The
results were compared to that of drying using a traditional method. Dried samples were compared on the basis of quality factors like
colour, appearance, taste and texture were observed for each sample. Finally, the data was analyzed. Results show that drying in a
fluidized bed dryer would improve the quality factors compared to the conventional drying.

Keywords: Fluidized bed dryer, biodegradation, moisture
content, effective drying, drying curves, heat and
\
mass transfer.

Corresponding Author: DR. P.K.WANKHADE
Access Online On:
www.ijpret.com
How to Cite This Article:
PAPER-QR CODE

P. K. Wankhade, IJPRET, 2016; Volume 4 (9): 64-71

Available Online at www.ijpret.com

64

Research Article
Impact Factor: 4.226
P. K. Wankhade, IJPRET, 2016; Volume 4 (9): 64-71

ISSN: 2319-507X
IJPRET

INTRODUCTION
Reduction of water in food products or the processes often cause irreversible biological or
chemical degradation. Since temperature is one of the major factors causing such degradation,
drying at low temperature is usually preferable for achieving high product quality. Under such
circumstances, improving the rate of heat transfer can provide significant benefits to the drying
process. Moth beans are one of the major grains of the world and involve both consuming and
producing countries. In order to retard deterioration after harvest, moth beans should be dried
down to a level that will enable safe storage and prevention of production. In commercial
drying of agriculture products heated air is used. Mechanical systems, especially those using hot
air for rapid drying of grains high in moisture content are becoming increasingly popular.
Researches show that rough drying can affect the quality properties of grain which, in turn,
affects acceptance of the commodity by the consumers at different levels of the market.
Therefore, with increasing demand for better and higher quality products and for efficient
operations, the processing technique and its control for minimizing product degradation is a
current challenge for grain drying. The results showed no loss of quality due to thermal
gradients if grain is exposed to temperature levels of 50ºC, 70ºC and 90ºC. This study showed
that temperature alone cannot explain the observed quality degradation of moth beans and
soybeans during drying. The quality of moth beans and soybeans in terms of appearance, taste,
texture and colour was acceptable in comparison to the traditional method.
I.

MATERIALS AND METHODS:

2.1 Grains: The moth bean and soybeans plant produces bright yellow flowers which turn into
elongated seedpods, which will ultimately produce small seeds around the size of a grain. These
seeds can be dried and cooked, or some are saved for planting next year. Small, elongated
beans with a brown skin and a brownish yellow interior. They have a nutty flavor and a strong
earthy smell. Because of its size and color, moth attracts adulteration and almost always
contains dust and small stones which are mixed with it.
2.2 Fluidization: When a fluid enters at sufficient velocity from the bottom and passes up
through the particles, the particles are pushed upward and the bed expands and becomes
fluidized. During fluidization the particles are circulated within the fluidized bed. This circulation
has a direct bearing on the heat transfer properties of gas solid fluidized bed system. Fluidized
beds have been used for heat exchange in both physical operations and chemical process
because of rapid transport.
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During fluidization the particles are circulated within the fluidized bed. This circulation has a
direct bearing on the heat transfer properties of gas solid fluidized bed system. Fluidized beds
have been used for heat exchange in both physical operations and chemical process because of
rapid transport. Also, because of mixing uniform temperature throughout the bed can be
maintained. Calculations of drying curve from the record of moisture contain of the drying
medium.

Fig.1: Bubbling Fluidization processes
2.3 Heat Penetration: Generally, it is possible to calculate the rate of heat transfer from the
surface of an immersing body to either packed or stirred bed of granular material (or from the
heating surface to the drying material in other types of indirect dryers) using the following
equation (Kimball, 2001) [11].
𝑄 = 𝑈𝐴 (𝑇1 − 𝑇2 )
Where, Q is the heat transfer rate, U is the overall heat transfer coefficient, A is the heat
transfer area, T1 is the temperature of the heat transfer medium, and T 2 is the temperature of
the drying particles. The overall heat transfer resistance is the sum of a number of film and
thermal resistances in the system. In general, resistance across the bed and dying particle is
infinitely large as the bed is isothermal such as during the initial start-up of the drying process
when the bed is at its initial temperature, when the heat capacity of the bed approaches infinity
as a result of chemical reactions or evaporation, or when there is a perfect mixing of the bed by
stirring (Schlunder, 1984) [20].
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Outer surface heat penetration
Inner layer heat transfer
Since the initial moisture content of grain (𝑀 𝑜 ) used in the experiment at various inlet air
conditions is different, comparison of drying time and efficiency in terms of absolute moisture
content may be misleading. Therefore, the non-dimensional moisture content 𝑀𝑅 is used for
analyzing the data.

𝑀𝑅 =

𝑀𝑡 − 𝑀𝑒
𝑀𝑜 − 𝑀 𝑒

Where, 𝑀 𝑡 and 𝑀 𝑒 are the moisture content of grain as a particular time and equilibrium
respectively.
It was observed that as a general trend, the results obtained for both materials are similar.
Energy efficiency was found to be higher. Furthermore, at the beginning of the drying process,
energy efficiencies were observed to be higher than at the final stage. The energy efficiency of
the fluidized bed dryer column was found to be very low at the end of the drying process.
2.4 Experimentation: The soaked moth beans and soybeans in water are used for
experimentation. The flow rate maintained which should be sufficient to fluidize the material.
Dry it completely and weight it again and hence recorded the percentage moisture present.
Repeated the steps for constant air flow rate at the hot air temperature 50°C, 70°C, and 90°C.
Observations were recorded as in the weights recorded at 5-10 min. intervals and drying curve
and drying rate is obtained are as in fig. 3 and 4.
2.4.1 Drying Method: The lab based fluidized bed dryer setup consists of a glass column of
height 52cm. and 5.2cm diameter. The conical portion of which is filled with material to be
dried.
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Fig. 2: Schematic diagram of Fluidized Bed Drying
The material supported on the screen mesh held between two flanges. Air from the blower is
heated in the heater box and past through the column at velocity of 1 m/s by adjusting flow
varying the cross section opening by operating needle valve. And air flow velocity is measured
by the hot wire anemometer. Orifice with differential manometer is provided to the measure
the air flow rate. The flow rate can be adjusted by needle valve provided for air supply to the
column. Sensors are given at different positions to measure the temperature of inlet and outlet
of air flow through drying section of fluidized bed dryer.
II.

RESULTS AND DISCUSSION:

Experimental data showing the effect of temperature, flow rate of the heating medium and
solids holdup are shown as plots of moisture content versus time, in Fig.3. The rate of drying is
higher at the early stage of drying while the moisture content was high and reduces as the
moisture content decreases. Fig.4 shows the effect of temperature of the heating medium at
two different solids holdup. Fig.5 shows the advance drying stages in moth bean compared to
the soybeans, it is observed by quantifying the moisture content analysis and this graph. An
increase in temperature of the heating medium increases the drying rate and it can be
attributed to the higher bed temperature of particles in the bed, which increases the intra
particle moisture diffusion to the surface of the solid resulting in a higher drying rate.
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Fig. 3: Drying curve in FBD

Fig.4: Drying rate in FBD

Fig.5: Comparative Drying curve
Looking at the drying curve, as the rate of drying reduces from start until the end of drying
period one would expect the entire operation to be an internal mass transfer controlled and
would expect a negligible effect of air flow rate on the drying rate. However, a continuous
recording of the bed temperature indicated that the effective bed temperature increased with
flow rate of the heating medium, which increases the moisture diffusion rate and thereby
results in higher drying rate. Repeat experiments were conducted to eliminate the effect of
experimental error on assessing.
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CONCLUSION:

The grains were dried from the initial moisture content in the range of 45-58%db to about 2026%db. However, there were several runs in this study in which grains were dried below the
moisture content of 30%db. This was because additional data were required or needed for a
better understanding of the drying characteristics of grains in a fluidised bed dryer. Drying
performance in the fluidized bed dryer was better than the other methods of drying used for
drying moth beans and soybeans. Colour was retained by the dried moth beans with change in
the texture by contracting the area of the dried product. Some textural cracks appear on the
moth beans drying in the fluidized bed dryer at higher temperature drying.
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