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Abstract: The papempresents the study of drying kinetics for fluidiZeeld drying of some cereal (wheat, rice, corn for
popcorn), green lentils and goji fruits. For eaabe; the characteristics of the fixed bed (dengiyosity), the density and
particle diameter, as well as the hydrodynamic progs of the fluidized bed (minimum and full flizdtion velocities,
height and porosity) were determined.
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1. Introduction 6

Due to a better heat and mass transfer, shorténgiry
time, better quality of the products obtained, ahdrter
reconstitution time, fluidized bed drying (FBD) is
commonly used for drying particulate materials ldg@in
and fruits. Due to the rapid drying FBD has beel
considered as an economical drying method in coisgar 3
with other drying techniques. FBD has been alsogseize 1
as a gentle, uniform drying procedure, resultingimery *8

low residual moisture content with a high degree c
efficiency [1-4]. T ‘

The process of drying in fluidized bed has beerd use
to dry a wide range of food products - sorghum [5] I 5
rapeseed [6], grass seeds [7], wheat, rice, cdrs¢§bean
[9], potatoes, apples [10], freezing carrots [Tiint leaves
[12]; pharmaceutical powder products [13], wheatufl Figure 1. The scheme of the fluidized bed dryer
[14]; industrial products — lignite [15], aluminiumxide 1 - diaphragm, 2- blower, 3- electrical resistandestube,
spheres - porousy{ Al,0; and non-porous (ADs) 5- fluidization column, 6- thermometer
[16,17]. Improving the drying process of biomasstipkes
can be done by using a vibrating fluidized bed waititsed
gas flow [18] or an agitated fluidized bed [19].

In the performed experimental studies, the efficien
of the drying process was highlighted by estahtighthe
evolution of the mass and moisture content of ttaéng in
time, as well as by calculating the drying velocifyhe
efficiency of heat transfer from the drying ageatthe
grains was quantified by calculating the value fef heat
transfer coefficients.

The electric resistances used for heating the aeh
adjustable heating power that can be varied betvigeh
and 41.5 mW. The experiments started from the same
initial amount of wet material (50 g), at two antperature
values and three fluidization velocities, respesiv At
constant intervals (5 minutes) the amount of moéstu
removed from the material was determined by weighin
(analytical balance SCALTEC SAC 64). The relative
humidity and air temperature were measured using an
Huger electronic thermohygrometer.
) The properties of the grains subjected to fluidorat

2. Experimental as well as those of the fixed bed (experimentally
determined), are shown in Table 1.

The experimental fluidized bed drying plant is show
in Figure 1. The main geometric dimensions of thenp ) )
Components are: 3 ReSU|tS and DISCUSSIOH
- tube 4: diameter -,d= 70 x 7 mm; height - &= 610 mm;
- tube 5: diameter -sd= 42 mm; height - H= 150 mm;
- orifice plate aperture:od= 20 mm;
- hole size of the perforated bed plate=dB mm.

The minimum fluidization velocity and the full
fluidization velocity were calculated from the vatu of
Re, and Re criteria, analytically determined from the
value of Arhimedes number (Ar)[3]:
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TABLE 1. The properties of the grains and of the fixed bed

Sample Particle Bed density | Particle density| Porosity of the
diameter @, mm p, kg m® Pp, kg m® fixed bed:0
Wheat 3.87 664 1230 0.460
Rice 3.09 780 1248 0.375
Lentil 5.8 700 1120 0.375
Corn for popcorn 6.29 735 1225 0.400
Goji berries 6.1 435 870 0.500
TABLE 2. Minimumand full fluidization vel ocities
tmear= 24.5°C
Sample Ar- 10° Ren Wi, M S° Re Wi, m s¢
Wheat 2.55 261.9 1.03 2570.3 10.1
Rice 1.32 178.4 0.878 1836.3 9.03
Lentil 7.83 489.2 1.28 4539.4 11.9
Corn for popcorn 10.9 584.9 141 5364.4 12.96
Goji berries 7.08 463 1.154 4314.2 10.75
dd [6,0 —p. )E,b [y The minimum and full fluidization velocities
ar ar . .
Ar=—PT2F (1) corresponding to the average air temperature {24.8re

2
,7air

Where:dp- particle diameter (m);op,pajr - particle and

air densities (kg f); g- gravitational acceleration (f)s
n,,- dynamic viscosity of air (Pa.s).
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shown in Table 2. The fluidization index (K was
calculated as the ratio between the air velocitthentube 4
and the minimum fluidization velocity.

Variations in porosity and height of the fluidizbdd,
depending on the type of the grain and the valdethe
fluidization index, are shown in Figures 2a and 2b.

The heat transfer coefficient from air to the gsaim)
was calculated from the Nusselt (Nu) number deteeohi
as a function of the Ar, Re and Prandtl (Pr) ciat§3]:

Nu = 0943[Re*[Pro®*[Ar ** (5)

The variation of the heat transfer -coefficient
according to the air velocity through the fluidipat
column, at the average air temperature of Z4,% shown
in Figure 3.

For lentils, at two average values of the dryingrag
temperature and fluidization index respectively #&mount
of moisture removed in time is shown in Figure 4.
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Figure 2a. The variation of the fluidized bed pdsos
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Both for lentils and for the other grains, it wasihd The evolution in time of the drying velocity at
that most of the moisture was removed from thengrai different air temperatures and the lowest valuesthef
during the first five minutes of drying. The proses more fluidization index, is shown in Figure 6. The dmgin
favored by the higher temperature of the dryingnagexd velocity decreases exponentially in time dependifighe
influenced to a lesser extent by the increase i@ tmature and size of the granules. Also, its valukigher if
fluidization index. The moisture removed in thesfir the drying is done with warmer air.
moments of drying corresponds to free humidity,

mechanically retained, mainly by adhesion to dicesttact 4. Conclusions
with the surface of the grains due to superfi@akion.

~ The variation of the humidity of lentils and wheat  |n the paper was studied the fluidized bed dryifig o
grains in time is shown in Figure 5. some vegetable grains with different size and strec

In comparison with the drying of wheat, for leritils  A|so, for each case, the properties of the fixed fiuidized
found that the increase in the fluidization inde&ads to a ped were determined.

more pronounced decrease of the grain humiditythet It has been noticed that the value of the air @irgr
same value of the drying time. Thus, after 25 néapthe heat transfer coefficient decreases with the irseresf air
differences between the values of the final moestare Ve|0city and depends on the nature and size (grmms
2.61% for lentils and 0.52% for wheat. The natuf¢he The dry|ng efficiency depends on the values of the
grain and its dimensions also influence how humiditfiyidization index, the temperature of the dryingeat and
decreases over time. At 24Gand the lowest value of the the nature of the grain. In short times, it wassjiae to
fluidization velocity (index), the percentage ofcdzase in  reduce the grains humidity by reaching high drying
moisture, after 25 minutes of drying, is 24.4% Waneat velocities when operating with drying agent (ainf a
and 66.1% for lentils. relatively low temperatures (max. 45°C), which nekiee
process suitable for the drying of thermosensitaterials.
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Figure 5. The grains humidity vs. time
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