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Abstract: Problem statements: The present study investigates experimentallythirelayer drying of
chilies in the Rotating Fluidized Bed (RFB) techrégand its mathematical modeligppr oach: The
layer's height was fixed at+0.5 cm. In addition, the drying air velocity andetttentrifugal
acceleration ratio were fixed at 2 m Seand G = 2.5 (106 rpm), respectively. With 6 dats for
drying air temperature between 70 and “I20the samples were dried from 35%db down to
10+1%db. Results: The drying time is in the range of 69-257 min. Tdtlies from sunlight
appear light red. On the other hand, from the Rff&y appear dark red but can be marketable.
Conclusion: The comparisons of five outstanding models aralipted. The Modified Page model
gives good agreement with prediction of change aistare ratio.
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INTRODUCTION Experimental apparatus: The Rotating Fluidized Bed
(RFB) or so-called centrifugal fluidized bed is a
The Rotating Fluidized Bed (RFB) dryer is a newrelatively new fluidization concept. The centrifliga
drying technology for several moist products. Byforce generated from the rotating chamber is baldnc
rotating the bed container, the centrifugal foregdf by the particle drag force caused from the radial
takes place and causes an enhancement in heat afhgidization gas (Nakamuret al., 2009; Nakamura and
mass transfer (Dongbamyal., 2010). Drying using the Watano, 2008) as shown in Fig. 1. The variablethés
RFB technique is found in only a few studies in theradius of the air-distributor (m) ana is the angular
published literature, e.g., soybean, green bearnriaad velocity (rad/s). The air-distributor always rotia the
(Chenet al., 1999). They are almost spherical grains;clockwise direction. When the annular particle bed
on other hand, literature on different grains androtates, the centrifugal acceleration? takes place. At
mathematical models is scanty. The objectives i th the same time, the particle drag force balancethé¢o
work are (i) to investigate experimentally the diyi  centrifugal force takes place from the radial finét
kinetics of chilies (ii) and to develop the mathé¢icel  air (Ramli and Daud, 2008). The radial fluidizatiisn
models. generated by injecting gas through the porous arad
removing via a central chimney. The fluidized air
MATERIALSAND METHODS velocity can be easily adjusted by varying the tiota
speed. The centrifugal force can be increased Wgrak
Materials: Fresh chilies Qapsicum annuum L.)  gravity fields to increase the air-solid slip vet@s for
obtained from the market (average length of 655 mnimproving interphase mass and heat transfer through
and average diameter of 7.8+2 mm) (Oretzel., 2008) good contact efficiency (Brooket al., 2008). Figure 2
were used in this study. The initial moisture cotde shows a schematic diagram of the experimental
was measured by the AOAC (2000) 930.04 methodpparatus. It consists of (1) blower of 5 HP, (Btic
(Charmongkolpraditet al., 2010) at the Central heater of 5 KW, (3) U-tube manometer and orificatel
Laboratory (Thailand) Co., Ltd., Khon Kaen Branch, for measuring the air velocity, (4) air distributesth
Thailand, with ISO/IEC 17025. diameter of 0.4 m and depth of 0.3 m, (5) bed of
Corresponding Author: Kittichai Triratanasirichai, Department of Mecheali Engineering, Khon Kaen University,
123 Mittraparb Road, Khon Kaen 40002, Thailand
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particles, (6) air filter, (7) driven motor of 5 Hier
driving air distributor, (8) high-speed camera, (9
tube manometer for measuring the bed pressure drop,
(10) the exhaust pipe, (11) the recycling pipe €i)

the bypass pipe. The air-distributor with 400 mm
diameter and 200 mm width can be rotated around a
horizontal axis. The rotating speed can be adjukied
the optimal drying conditions by a frequency ineert
and measured by RPM-meter (Tachometer Digital
Meter, DTO6234N, Germany) with an accuracy of
+0.05%. Additionally, the dimension of the sidefage

of the air-distributor is 2.5 mm per hole and 38.6%
open area. For visualizing operation, transparéassg
was installed and the fluidization behavior wasmead

by high-speed video camera. For exhaust air, er fif
100 mm diameter was located at the center of the ai
distributor. The drying air was blown by a centgél
blower of 5 HP which has its rotating speed adpli&te
frequency inverter. The drying airflow was measured
by an orifice meter with a U-Shaped manometer. The
pressure drop through the bed was measured by a U-
shaped manometer. The drying air was heated by an
electric heater of 5 kW and adjusted by PID control
(Suntree, SG6, USA) with an accuracy of +0.1%. For
temperature, a J-type iron-constantan thermoconate
used (NS, YBO5C-A1, China) that indicated with an
accuracy of £0.05%.

Fig. 1: Schematic diagram of balance forces

Fig. 2: Schematic diagram of apparatus

Drying method: The procedure of the drying taple 1: Adaptable thin-layer drying models

experjment was defined as folloyvs. First of_aII, aNModel name Model equation
electric heater was started with the drying airNewton MR=exp (k)
temperatures of 70, 80, 90, 100, 110 and°C20'he  Modified page MR=exp [-(kt]
drying air velocity of 2 m sét was controlled by a He“d?tfhsot‘ MMRR:a exlo((-k':)t)+|D
H ogarithmic =a exp (-
blower. An experimental apparatus was operated wit woterm henderson MR=a exp (Kt) +b exp (-gt)

the operation time of 60 min for stabilizing theyidig
conditions. For the second, the 2 kg sample (estitdha

4+0.5 cm of the bed layer height) was filled irte gir-  Sunlit drying: A kilogram of chilies were exposed

distributor which is the drying chamber in the RFB undgr sunlight. This ering _method was done by
placing on a steel tray in a thin layer. The sanvpdes

technique and this was the initial weight of thenpte. . X . )
Thirdly, the air-distributor was started with aating ~ KEPtin a container at night. This process was ootedl
t over a span of 12-14 days.

speed of 106 rpm based on the centrifugal accelara

ratio of G = 2.5. The “G” can be calculated by G = _ i i ]
ro?/g, where r is the radius of the air-distributBiglre Drying models. Moisture ratios of samples during the

1), n is the rotational speed (rpsp, is the angular th_m-layer dr_ylng_ experiments were calculated (Alve
velocity (rad/s) and g is the acceleration of gravi Filho and Eikevik, 2008). The temperature effecswa
(m/s?). Finally, the moisture loss was recordece®  Modeled by the Arrhenius relationship (Mujumdar,
minutes during the drying process by a digital be¢ga 2000). Moisture ratios, MR,models have been
(OHAUS, PA512, USA) with an accuracy @b.01g. Proposed in the published literature, such as theis
The samples were dried from the initial moistureor Nowton model, the Modified Page model, the
content of 35@85%db down to a moisture of #0%db  Henderson and Pabis model, the Logarithmic model
which is the safe storage level. The experiment waand the Two-term Henderson model (Goylal.,
repeated three times and the average data wasaglu 2008) as shown in Table 1. They were adapted to the
for analyzing. experimental drying data for chilies at the diffare
980
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temperatures. The parameter, t, is the drying tifilne
parameters such as k, n, g, a and b were investigat
Non-linear regression was utilized to determine
each constant for the tested models. The effecs®n
of model fit was evaluated via the statistical ena
such as coefficient of determination, R?, Adj. R2,
reduced chi-square, X2 and root mean square error,
RMSE (Goyalet al., 2008). For the proposed model,
the optimum condition with highest value of R? ahd
lowest value of X2 and the lowest value of RMSE was
selected. Analysis of variance was carried outind f

(b)

the effect (p<0.05) of drying air temperature. Fig. 3: Fluidization regimes in the RFB techniqa® (

Non fludization: (b) partial fludization: (c)
RESULTS uniform fludization; (d) turbulant fludization

Fluidization behaviors: The optimal conditions of the 1.0

particle fluidization behavior for drying can beegseby Ristuir it ichies degiig

the high-speed camera. The fluidization behavioes a ERAN o 30 diriohanl of MELibub

shown in Fig. 3. When the centrifugal force actomy N

the bed increases, the fluidization is restrictectite 2 o6l WX o .

regions close to the wall of the air-distributordatie 2 b\ +Qgc€ "’TEOEC

particle fluidization does not take place. It candaid E \ Y klmcc {:mcc

that the drag force acting on the bed is smallen tine = B ‘."‘. - o

centrifugal force. When the radial air velocity ieases, W

the inner particle’s bed in the air-distributor begto 0.21 R 3

be fluidized. It can be said that when the air eio .,

increases, the centrifugal force at the inner serfes 0.0 —

lower than the particle drag force. In this coratitithe 0 40 80 120 160 200 240 280 320 360 400

fluidization at the inner surface of the air-distrior
takes place. So, this study investigates the op{imiat

for drying, such as drying air velocity 1.8 m/s ahé iy 4: Moisture ratio of chilies vs. drying time
centrifugal acceleration ratio of G = 2.5 which dam

obtained at the rotating speed of 106 rpm. Figure 4 shows the experimental drying curves of
. " i L o average Moisture Ratio (MR) versus drying time at 6
Drying kinetics: The drying kinetics of chilies in the grying air temperatures, indicating the influence o
RFB dryer were investigated. The high temperatare f 4rving temperature on the ability for moisture défion.
dhrylng c(:jan Ca#ﬁe both phy;'caél()%%d cliwemﬁ_?léja[tmge In addition, the air velocity is an influential pameter
the produce .( eansuwanal., )- For chili rlng, which needs to be considered in the analysis of the
the drying air temperature Was, set to 70, 80, 9, 1 drying process (Anwarul Hug and Arshad, 2010).
110 and 12C, Wh'le. the _Iayers.helght was fixed at Moreover, the drying air temperature affects the
4+0.5 cm and the drying air velocity was fixed at &m resistance of moisture movement at the surface.

The six drying times required to dry chilies from
35at5%db of initial moisture content down to Researchers  have recently reported the same

10+1%db were 257. 163.131. 98. 78 and 69 minphenomenon for other grain, such as Bird’s chili

respectively. The results show the effect of alpeiey ~ (Mubarik et al., 2010) and red  chil
and operation temperature on the drying time. fitloa ~ (Charmongkolpradiet al., 2010). As expected for RFB

said that after ventilating the gas velocity in REB  drying, the moisture content drops quickly in tizelg
technique, the turbulence and mixing of the fludiz drying stage, but eventually this becomes nonessent
particles were intensified. Then, the gas film e t when an equivalent moisture content occurs. lihtial
particles becomes thin, so the gas-solid heat femans the abundance of free water on the produce surface
was improved. The similar behavior has been redorte contributes to effortless moisture liberation.
In addition, after the temperature is increaseén tthe Figure 5 shows the curve of drying rate against
latent heat is intensified and evaporation fromrtiwst ~ drying duration. As can be seen, a constant rategpe
produce is improved (Aghbashlo and others, 2010).  is not observed in the RFB technique: the curvéhef
981

Drying time (min)



Am. J. Applied Sci., 8 (10): 979-983, 2011

drying process presents a typical falling rate qubrat  Redness of chilies. The redness of chilies dried at
the start. The constant drying rate period is abdaa  different conditions is shown in Fig. 6. The result
to the quick moisture removal from the pericarp ofshow the differences in redness between the twinglry
chilies. In the beginning, when moisture is highe t methods. The chilies dried by sunlight appear ligt
drying rate is very high and as the moisture cantenwhile the chilies dried by the RFB technique appear
approaches the equilibrium moisture content, tlyindr  dark redness. When the drying air temperature is

rate is very low (Brookst al., 2008). increased from 70-12C, the redness is also affected
adversely; notwithstanding, the dried chilies are

Table 2: Parameters for modelsin Table1 marketable. This may be due to the oxidation of
’,‘\J"Ode' iqggﬁlc;)c?osssToomou carotenoid pigments at the elevated temperatures
ewton =0. -0. H

k=0.0000323T-0.014879 (Simalet al., 2005).
Modified page n=0.005755T+0.652561

k=0.000365T-0.018003 DISCUSSION
Henderson a=0.001431T+0.897117

k=0.000317T-0.015382

Logarithmic 2=0.0013947T+0.958332 Pafameters_(_)f drying _mode_ls The average moisture
b=0.000609T-0.125766  'atios of chilies at drying air temperature rangfrgm
k=0.000365T-0.018003  70-120°C based on the drying air velocity of 2 o Se

Two-term Henderson 9=0.000365T-0.018003  were fitted to the best models. They were evaluated
22?6035;3,156;{’36183&7%3 the goodness of fit. Linear and non-linear regossi

: : analyses were performed by SPSS computer program.

Table 3: Evolution of parameters for Table 2 The model considered is the best one when the walue
Models R2 Adj.Rz X2 RMSE of X2 and RMSE are minimum values and the
Newton 0.985 0.984  0.00164 0.03422 coefficient of determination R2? and adjusted R2
Modified page 0.997 0.996  0.00036 0.01652 (A(dj.R?) are maximum values. The equations for all
Henderson 0.990 0.989  0.00140 0.02979

Logarithmic 0.993 0992 000087 002326 Parameters are shown in Table 2. ,
Two-term henderson  0.988 0.987 0.00181 0.02979 The results from the Table 3 shown the highest

value of R2 in the Modified Page model; in additio@

and RMSE are lower than other models. These
»  Dryingrate of chilies drying equations can be used to predict the various paeasne

| st a0 of models within a temperature range of 70-120°C.

0.018

0.015

0.012
—e—70°C —a—80°C CONCLUSION
—4-90°C  —— 100°C
4 110°C —=—120°C

0.009

The fluidization behavior, drying kinetics, redaes
and drying models in the drying processes were
investigated. When the radial air velocity increagbe
inner particles’ bed in the air-distributor begitts be
fluidized. It can be stated that when the air vi&yoc
increases, the centrifugal force at the inner serfes
lower than the particle drag force. In this coratitithe
fluidization at the inner surface of the air-distrior
takes place. When the air velocity increases

continuously, the first layer at the inner surfase

fluidized and then the bed is fluidized graduakydr

by layer until the whole bed is fluidized complgteit
70°C 80°C

an air velocity of 2 m sét The six intervals of
different drying air temperatures ranged from 70-
120°C. As a result, the six drying times requiredity
chilies from 35@5%db of the initial moisture content
down to 1@1%db were 69-257 min. The air velocity is

Z 0.006

0.003

0.000 = T T T T T T T
Q 50 100 150 200 2350 300 350 400

Drying time (min)

Fig. 5: Drying rate of chilies Vs. drying time

Fresh Sunlight

R L L

100°C 110°C 120°C an influential parameter needing to be considenetié
analysis of the drying process. Moreover, it catuce
Fig. 6: The redness of dried chilies the resistance of moisture movement at the surfetce.
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differences in redness from the two drying methods€Dongbang, D., W. Pirompugd and K. Triratanasirichai
were that the chilies dried by sunlight appeargghtli 2010. The drying kinetics of chilies using a raigti

red while the chilies dried by the RFB technique fluidized bed technique. Am. J. Applied Sci., 7:
appeared dark red. The comparison of models siguilat 1599-1606. DOI: 10.3844/ajassp.2010.1599.1606
from 70-120°C of drying air temperature showed thatGoyal, R.K., O. Mujjeb and V.K. Bhargava, 2008.

the Modified Page model can predict most accurately Mathematical modeling of thin layer drying
kinetics of apple in tunnel dryer. Int. J. Food Eng
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