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AN 2 HANTEATIEH 1348417 YUIA 100-500 Auriu
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Ruasquszvumdsunnudounnufeuwum 0.167 0374 0.581 0.787 0.994
Auasmumndoshinnudunuugandu ) 218 218 3.03 k¥ 73 4.58
Aunaquszuunownuaoizumofay (S 0.368 0.737 1.106 1475 1.843
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szozraiunu 1) 6.5 3.5 2.6 23 2.1
% IRR 15.83 289 38.79 4“3 47.95
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800 1000 1200 1500 2000
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qmngﬁmfﬂawﬁn’imﬁ ®oy 140 140 140 140 140
HAn 10V 1HA MR (bar.abs.) 40 40 4 40 @
qamgilei (°C) 400 400 400 400 400
gasothininR (gs) g2 | 10as 12.18 1522 | 2029
arudulotinneendayiy bar.abs.) 3 3 3 3 3
gungiledmieeniniu (°C) 173 173 173 173 173
f1dvInfhiean 1 aow) 2966 3708 5000 5562 7416
I ixdn18rol (kWhX 10’ fyear) 19223 24028 28834 36043 48057
WIS amun gownx 10'fyear) 12764 15842 18871 23725 31647
MR AnSold («Whx 10 year) 6459 8186 9963 12318 {16410
vinnddandio ot (/) S 40 48 60 20
wanfaiuleth (Mw) 33 41 49 6.1 8.2
vwanienimiudunuugandu (funndu) 401 504 601 752 1002
VMRDUAUYDS (MW) 16 19.5 235 29.5 39
Guaamuszyurdalov ) 33.05 46.85 54.04 62.84 74.18
Gusaqudsiulotunzindosfudin vt dmmm) 33 41 49 61 82
funauszyumiswsnldsunrudou Enunn 1613 2027 2.44 3.06 4.093
Auoapuaieshmnudurugandu dmum) 6.70 8.03 9.31 11.16 14.09
AunsuIsyuneumaessamedaay Gwum) 3.104 3.784 4.56 5.725 7.568
Aiafs, Auriouazdu q Ewam) 1237 1525 17.90 21.57 27.29
smwvesssuy (dum) 94.84 11694 13725 16536 | 20922
nefugnivedii 1 uumAh 38.21 48.08 58.14 77 97.48
szeznaunu @) 3.4 33 32 al 29
%IRR 29.54 29.95 31.07 32.48 34.56
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Abstract

Prototype of Superheated-Steam Cabinet Dryer

Somchart Soponrounarit®, Sumran Tichangtong®, Somkiat Prachayawarakors®

*Fellow, the Academy of Science, the Royal Institute, Thailand, * School of Energy and Materials, *Faculty of
Engineering, King Mongkut University of Technology Thonburi, Bangkok 10140, Thailand

One of the important problems experienced in cabinet dryers is the non-uniform flow cha-
racteristic of the drying medium at the entrance. This causes variations in the final moisture content
of the product. Test results of flow characteristics using wetted thin cotfon cloth indicates that imple-
mentation of three guide vanes, with appropriate locations in the drying chamber entrance, provides
similar final moisture content at different tray inlets. The designed dryer can contain raw shrimp
with a maximum capacity of 50 kg. The dryer uses steam generated from the evaporation of water
existing in the product as drying medium. The volume flow rate used in the experiments was fixed

-at 1.04 m*/second. The assessment of dryer performance at loadings between 31 and 50 kg and at

160°C has shown that the different moisture contents between the tray inlet and tray outlet slightly
change with the loadings. The color of shrimp represented by L, a, b and AE, becomes dark, in
particular, the samples at the tray inlet, which is in intimate contact with the superheated steam at
temperatures higher than 140°C., The drying efficiency is at the highest value at the designed drying
capacity and it is independent of the temperatures, in between 140°C and 160°C, Such operating
conditions show a drying efficiency of 59-62 per cent and energy consumption of 4.2-4.9 M]/kg water
evaporated for reducing moisture content from 78-80 per cent to 17 -21 per cent wet basis. The red-
orange colour of the shrimp is obtained at a temperature of 140°C. The cost per unit of productis 8.69
baht'kg of product and the drying cost is 2.81 baht’kg water evaporated.

Key words : drying, marine product, superheated steam
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Prototype of Superheated-S5team Cabinet Dryer

Somchart Soponrounarit™, Sumran Tichangtong', Somkiat Prachayawarakorn®

*Fellow, the Academy of Science, the Royal Institute, Thailand, * School of Energy and Materials, * Faculty of
Engineering, King Mongkut Unrversity of Technology Thonburi, Bangkek 14140, Thailand

One of the important problems experienced in cabinet dryers is the non-uniform flow cha-
racteristic of the drying medium at the entrance. This causes variations in the final moisture content
of the product. Test results of flow characteristics using wetted thin cotton cloth indicates that imple-
mentation of three guide vanes, with appropriate locations in the drying chamber entrance, provides
similar final moisture content at different tray inlets. The designed dryer can contain raw shrimip
with a maximum capacity of 50 kg. The dryer uses steam generated from the evaporation of waler
existing in the product as drying medium. The volume flow rate used in the experiments was fixed
at'1.04 m*second. The assessment of dryer performance at loadings between 31 and 50 kg and at
160°C has shown that the different moisture contents between the tray inlet and tray outlet slightly
change with the loadings. The color of shrimp represented by L, a, b and AE, becomes dark, in
particulag, the samples at the tray inlet, which is in intimate contact with the superheated steam at
temperatures higher than 140°C. The drying efficiency is at the highest value at the designed drying
capacity and if is independent of the temperatures, in between 140°C and 160°C. Such operating
conditions show a drying efficiency of 59-62 per cent and energy consumption of 4.2-4.9 M]/kg watez
evaporated for reducing moisture content from 78-80 per cent to 17 -21 per cent wet basis. The red-
orange colour of the shrimp is obtained at a temperature of 140°C. The cost per unit of product is 8.69
baht/kg of product and the drying cost is 2.81 baht/kg water evaporated.

Key words : drying, marine product, superheated steam
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Drying of Fermented Fish using Superheated Steam and Hot Air
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Abstract

The abjectives of this rescarch were 1o study the drying kinetics and color change of fermented fish. The colors in
terms of L*, a* and b* were determined cxperimentally. The superhcated stearn and hot air were used as drying media. The
cxperimental conditions were set up at temperatures of 120 140 and 160 "C, a flow raic of 0.071 m¥s for both drying media.
The fermented fish was dricd from initial moisture content of 2.4 dry basis to final moisture content of 0.04 dry basis. The
cxperimental results showed that at temperatures of 120 and 140 .C, the drying rate of lermented fish using superheated sicam
was lower than that using hot air. The drying rate of both drying media was became equal at a temperature of 160 °C. The color
of fermented fish dried using the supcrheated steam was more intens¢ than that using the hot air.

Keywords: Dchydration / Fermented lish / Superheated steam.
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CHAPTER
FIVE

FLUIDISED BED GRAIN DRYING

Somchart Soponronnarit

LINTRODUCTION

The Nuidised bed grain dryer s now fully commercialized in several countries. Its
potential is great especially for high moisture grains such as paddy, parboiled rice, maize
and soybean. [ts energy consumption is relatively low while grain quality is maintained.
In this chapter, the research and development effort on fluidised bed grain drying in
Thailand is described, starting with an experimental batch dryer and culminating with a
commercial continuous-flow dryer. A mathematical model of the fluidised bed grain
drying system is also described

It has been suggested that high moisture paddy should be dried quickly to
approximately 23% moisture content (dry basis') then subjected to ambient air drying in
storage (Soponronnarit el al 1994; Driscoll and Srzedoicki 1991). Following two-stage
drying, cost and product quality appear 1o be optimised. During the first stage, fluidised
bed drying is an alternative to conventional hot-air drying  Hs advantages are: (1) uniform
product moisture content, and thus high drying air temperature can be employed but with
less overdried grain; (2) high drying capacity due to better heat and mass transfer; (3) a
much smaller drying chamber and thus a significantly lower initial cost; and (4) significant
spin-ofT in terms of increasing head rice yield and potential for producing aging rice.

Sutherland and Ghaly (1992) were probably the first to investigate the feasibility of
using fluidisation technique for paddy drying  Experimental results showed that the head
yield was 58-61% when paddy was dried from 28.2 to 20.5% but was 15-24% when the

" Unless otherwise stated, the moisture contents (n.c.) quoted i this chapter are dry basis.



final moisture content was 19%. Tumambing and Driscoll (1993) found that the drying
rate was affected by drying air lemperature and bed thickness over experimental
conditions as follows: drying air temperature of 40-100°C; bed thickness of 5-20 cm and
air velocity of 1.5-2 5 nv/s. They also developed a mathemaltical model for a continuous
fluidised bed paddy dryer.

Soponronnarit and Prachayawarakorn (1994) have reviewed the research and
development work on fluidised bed drying ol grain, and conducted bath experimental and
simulation studies on batch fluidised bed drying of paddy. Soponronnarit et al. (1996a)
described the development of a cross-flow fludised bed paddy dryer with a capacity of
200 kg/hour (IFig. ). Experimental results showed that {inal moisture content of paddy
should not be lower than 23% if quality in terms of both wiilencss and head yteld were to
be maintained. Drying air temperature was 115°C. Simulation results indicated that the
appropriate operating parameters should be as follows: air speed, 2.3 m/s; bed thickness,
10 cm; and [raction of air recycled of 0.8. With thiese conditions, energy consumption was
close to the minimum, while drying capacity was near maximal. I this study, moisture of
paddy was reduced from 30 to 24%. Foliowing the success of the development of the
cross-flow fluidised bed paddy dryer, Rice Engineering Supply Co. Ltd, a private
company in Thailand, showed interest in collaborating in the development of a prototype
with a capacity of approximately | t/h (Soponronnarit et al. 1995). The prolotype is
shown diagranunatically in Figure 2. 1t comprises a drying section, a 7.5 kW backward
curved blade centrifugal fan, a diesel fuel-oil burner, and a cyclone. The bed length, width
and height of the drying section are 1.7, 0.3 and 1.2 m, respectively. The depth of the
paddy bed is controlled by a weir. Paddy s fed i and out by rotary feeders. In operation,
hot air (temperature controlled by thermostat) is blown into the drying section through a
perforated steel sheet floor. The air and grain flows are perpendicular ta each other. A
small portion of the air leaving the diying chamber is vented to the atmosphere, while the
remainder, ailer cleaning in a cyclone, is recycled to the dryer, mixed with ambient air and
rehealing to the desired temperature, respectively. The feed rate of paddy can be varied
from less than 1 t/hour to more than 1.5 t/hour. More detail is given in Yapha (1994).
Experimental results showed that the unit operated efliciendy and yielded high product
quality in terms of head yield and whiteness.  In reducing the moisture content from 45 to
24% using air temperatme of 100-120°C, fraction of air reeycled of 0. 66, specific airllow
rate 0of 0.05 kg/s-kg dry mater, superficial air velocity ol 3.2 m/s, and bed depth of 0.1 1y,
total primary encrgy consumption was 2.32 MJ/ky ol water evaporated, of which 0.35
was primary energy from electricity {elecirical energy multiplied by 2 6) and 1 79 was
primary energy in terms of heat energy.
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As a result of the success of the prototype, conunercial fluidised bed paddy dryers
with capacities of 5 and 10 t/h as shown in Figure 3 are now available. More than 90 such
units have been sold since the beginning of 1995, The fluidised bed dryer is mainly
composed of a drying chamber, a backward curved blade centrifugal fan, a burner using
diesel otl or fuel oil for heating air, and a cyclone. A cyclonic rice husk furnace is now
available commercially.

Operation of the commercial fluidised bed paddy diyer is similar to the prototype
excepl that a small portion of exhaust air is vented to the atmosphere afler being cleaned
by the cyclone.

Rotary Feeder, Inlct
Rotary Feeder, Outlet
Bumer

Backward Curved Blade
Centrifugal Fan

5 Drying Chamber
6. Exhauvst Air

7. Air Recycled
]

9

Combustion —
Chamber

. Cyclone
-15.  (Position Of Temperature Measurement)

Figure 3 Commercial fluidised bed paddy diyer
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2. DEVELOPMENT OF A MATIHEMATICAL MODEE,

It was assumed that there is thermal equilibrium between the drying air and the
product, and that the ai and grain were in plug llow. Experimental results reported by
Stipawatakul (1994) indicated that the {low regime of paddy was between near plug flow
and high dispersion flow. Though dispersion was @ known factor in the fluidised bed, the
mathematical model assumed plug flow mm order to simplify calculation.  The model is
similar 1o that presented by Soponronnarnit and Prachayawarakorn (1994). Figure 1 shows
control volumes (CVs) lor the denvation of energy and mass balance equations.

2.1 Equation of mican residence time

The cmpirical  equation of mean  residence time ol paddy developed by
Sripawatakul (1994) was used. {tis written as foliows:

T - hu/l (1)

where © = mean residence time, second (s)

hu — hold up, kg

I+ - teed rate, ky/s
and  hu - [{-0 0095000 F 0 39870 I - (000020000 1 17360 FF) V )

{728 - 0082300 V i (2.2093 - 015050 V) F) ] p,A

where A — paddy bed arca, m?

V' —air velocity, s

pp = average product density, kg/m’

I = weltr height, m

It is valid Tor weir heights in the range 0.04 - 0_10 m, air velocities in the range 1.7
- 2.3 w/s, and paddy feed rates in the range 0025 - 0.058 kg/s. For a rough calculation,
hu is approximately equal to hAp, and can be applied to other grains.

Dividing the paddy bulk into n Jayers, changes in moisture content of paddy,
temperature, and the humidity ratio of air were caleulated for each layer. The following
basic equations were employed.

2.2 Equation for the drying vate

The empirical equation tor fluidised bed paddy drying in the form of the equation
ol Page (1949), developed by Sripawatahul (1994), was used 11 is written as follows:

MR = exp (-xt") (2)
where MR = (M - M /(M. - M)

t = drying time, nin
x = 0.00163100 T, - 1.16202 (my,/hua) - 0.004 15300 (myi/hua) T

+0.147383 In (im,i/hu) 1 0 474743
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y = - 0.00322000 T, - 0.835960 (m,i/hu) + 0.0203190 (mi/hu) T
- 0.143150 In (mp/hu) + 0.548493

Equation (2) is similar to that developed by Soponronnarit and Prachayawarakorn
(1994) for higher specific airflow rate (m.i/hu). It is valid for temperatures of 90 - 140°C
and specific airfllow rates of 0.03 - 0.16 kg/stkg dry matter of paddy. The symbols are
defined as follows:

M = moisture content of paddy at time (, dectmal dry basis
M i = moisture content of paddy at the inlct of drying scction, decimal dry
basis

M o = equilibrium moisture coatent, decimal dry basis
Twmix = air temperature at the inlet of drying section, °C
M = airflow rate at the inlet of drying section, kg/s

During calculation, Equation (2) was differentiated with tune, and finite difference
was employed to obtain the solution. Equilibrivm moisture content was determined using
the equation developed by Laitheng (1987).

For the drying rates of maize and soybean, they are available in Sopouwronnarit et
al. (1997a) and Soponronnarit et al. (2000), respectively.

2.3 Equation of mass conservation
Wﬂ.i = R(Mi"MI) + wmix (3)

where Wey; = humidity ratio of outlet air at the i layer, kg water/kg dry air
Woix = huinidity ratio of inlet air at the " layer, kg waler/kg dry air

M; = moisture conlent of paddy at the inlet of i layer, decimal dry
basis

M; = moisture conten of paddy at the outlet of i™ layer, decimal dry
basis

R =ratio of dry mass of paddy (o mass of dry air.

2.4 Equation of energy conservation

Tai = [ 1 CoTaix W,,,i,(llfg +C T i) - V\’n_,'hr8 + R(fl.w‘l....;xll((:, + WGt Ci'“f)
(4)
where Tp; = temperature of outlet air at the i layer, °C
Q; = heat loss, kW
C, = specific heat of dry air, ki/kg °C
C. = specilic heal of vapour, kitkg °C
Cpv = specific heat of moist paddy, klkg °C
hy, = latent heat of moisture vaporisation, ki/kg
Average temperature and humidily ratio of the outlet air from n layers were
determined by arithmetic mean.
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For other calculations such as mixing of air streams, and consumption of energy at
the fan and the heater, solwtions can be achieved by the application of first law of
thermodynamics [see Soponronnart and Prachayawarakorn (1994) for details].

The equations were solved by iteration. Firstly, the value of exit humidity ratio of
air was assumed. The equations prescated by Wilhelin (1976) were used 1o determine
propertics of most air.

The accuracy of the mathematical model was tested and found to be in good
agreement with the experimental results. The model was employed 1o investigate
optitmum operating parameters such as air temperature, specific airflow rate, and fraction
of air recycled.  Details for paddy drying and maize diying are available in Soponronnarit
et al. (1996a) and Soponronnarit ¢t al. (1997a), respectively. :

3. PERFORMANCE OF FLUIDISED-BED PADDY DRYER
3.1 Minimum (laidised bed velocity

From the expertimental resulls reported by Soponronnarit and Prachayawarakorn
(1994), the minimum uidised bed velocity for paddy is approximately 1.6 m/s and

increases with moisture content. "Phe relationship between pressure drop across the paddy
bed and air velocity 1s presented in Figure 4.

1000

w S

&’ ---------- .

g RELTITL]

e :\n"""'"luuuu-‘

T 100 |-

L

2 Bed depth

¢ 8.39 ¢cm

& Cdsemns 7'30Cm
-—-—-- 5.60cm
"""" 4.47 cm
s 280 con

10 l
0. ; .

Bed velocity (m/s)

Figure 4 Relationship between bed pressure drop and bed velocity at different bed
depths in fluidised bed paddy deyer
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For maize, the minimum fluidised bed velocity increases with moisture content. 1t
varies from 1.5 tol 8 mfs as reported by Soponronnarit et al. (1997b).  lFor soybean,
Soponronnarit et al. (2000) reported that the minimum fluidised bed velocity is 1.9 nv/s
and varies slightly and inversely with moisture content.

3.2 Experimental results frem commercial fluidised bed grain dryers

Experimental results from commercial Huidised bed paddy dryers with capacitics of
2.5-5 t/h and 5-10 t/ are summarized in Table 1 (Soponronnant ct al., 1996b). Paddy
quality in terms of head yield and whiteness are alt acceptable as compared to paddy dried
by ambient air (reference) which is expected to obtain highest quality. Considering energy
consumption, it is relatively low as compared to conventional hot air dryers, except the
case of low tnlet paddy moisturé content. It is gencrally recommended to dry paddy from
high moisture level to a moisture conient of approximately 23% in order 1o maintain
paddy quality. However, it is possible to dry paddy 10 a lower maoisture level if tempering
process follows the fluidised bed diying. In addition, as compared (o ambient air drying,
head yield can be increased if proper drying conditions are provided. The effects of both
tempering and drying on paddy quality will be presented in the next section,

Experimental results of maize drying in a commercial fluidised bed dryer are
presented in Table 2. At high moisture fevel of maize, i ¢ nlet and exit moisture contents
higher than 28% and 19%, respectively, encrgy consamption is iclatively low. The quality
in terms of bLreakage and stress cracks is relatively good and commercially acceptable
provided that the exit moisture conlent of maize is not less than 16 7%.

Experiment of soybcan drying in a commmercial fluidised bed dryer was conducted
(Wangji et al,, 1997). The operating parameters are as follows: drying capacity of 2.9 t/h,
air flow rate of 3.3 kg/s, bed velocity of 2.9 w/s, bed height of 0.15 m, residence time of
2.35 minules, fraction of air recycled of 0.83 and inlet drying air temperatures of 110-
140°C. Moisture content of soybean was reduced from 25.3, 29.7, 33.7 and 39.3% to
20.2, 22.0, 22 .8 and 23 4%, respectively. Avcrage primary energy consumption of which
the majority is from heat encrgy is 4.62 MJi/kp water evaporated. Average siress cracks
afler drying is about 12% higher than that before diving More insight of quality results
obtained from lab-scale flutdised bed soybean diying were reported by Sopontonnarit ¢t al.
(2000). The fluidised bed drying was found to reduce the level ol urease activity which is
an indirect measure of trypsin inhibitor, with 120°C being the mimimnm required to reduce
the urease activity to an acceplable level (Apll fess than 0.3). Increased air temperatures
caused increased cracking and breakage, with temperature befow 140°C giving an
acceptable level for animal feed industry in Thailand (Breakage less than 3%). The protein
level was not significantly reduced in this temperature range. Details are available in
Table 3.
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Table 1 Performance test results for commercial fluidised bed paddy dryers

Test nos.

t 2 3 4 5
Testing results o o
Drying air temperature (°C) 15 (36 120 130 150
Drying air recycled (%) oY 69 6Y 69 53
Intet moisture content of
. 220 26 2 30
paddy (% dry basis) 0 $7 306 27.0
Outlet moisture content ol 20 1 27 'S 225 230 21.0

paddy (% dry basis)
Oultlet paddy temperature (°C)  54.0 52.0 540  57.0 63.0

Electrical energy consumed
083 0.43 0.26 021 0.
(M) kg-walter evap.) 1 5
Fhermal energy consumed 7 80 313 557 291 390

(MJ/kg-water evap)
Head rice yield (%)

- dried in (haidised bed dryer 532 5113 539 570 48.1
- dried by ambient air 574 572 539 570 56.2
(reference)

Rice whiteness
- dried in fluidised bed dryer 403 4407 400 437 36 .8

- dried by ambient air 44 .4 44 2 40.1 43.8 42.6
(relcrence)
Testing hours 50 350 460 510 29.0

Drying capacity (tons/h) 9 5" 9.5 9 s 9.5 48"

Remarks: a = Dryer with capacity o255 0 tons/h
b = Dryer with capacity o' 5.0 - 10.0 tons/h
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“able 2 Performance test results for a commercial fluidised bed maize dryer

Test nos.

l 2 3 4 5 6 7 8
Testing results , .

Dg(':';g airtemperature —30: 1300 1400 150" 150" 1600 1705 175’
Drying air recycled (%) 84 78 78 78 849 78 84 84

Intet moisture content of 5, 5 393 357 287 186 403 201 228
maize (% dry basis)

Outlet moisture content
of maize (% dry basis)
Outlet maize temperature

C)

Electrical energy
consumed 125 060 049 041 205 032 - 0.88
(Mli/kg-water evap )

Thermal energy consumed -\ ¢\ 0 4e 550 2783 472 - 1568
(MJ/kg-walter evap.)

Breakage (% by mass)

- dried in FBD 191 - - - 1 81 282 134
- dried by ambient air i 04 - - - 172 - 244 155
(reference)

Stress cracks (% by mass)

- dried in FBD ) 50 - - - .03 - 32069 334
- dried by ambient air 0.19 - - - 059 - 062 079
(reference)

‘a’ Hunter value
- dried in FBD 1142 1126 1456 11.74 113 1209 810 693

- dried by ambient air 10.24 1085 1285 1063 884 108 766 769

(reference)

‘b’ Hunter value
- dried in FBRD 2452 2385 2721 2655 239] 2593 2161 2023

- dried by ambient air 2284 2288 2827 2546 2210 2885 1986 19.52
(reference)

Testing hours 2 6 10 7 2 4 5 7

191 308 272 192 167 263 142 182

68 68 74 _ 74 - 97 96

Drying capacity (tons/h) 1.8 20 30 20 I8 18 I.6 1.8

Remarks: FBD = Fluidised bed diyer
a =17 cm bed depth
b =19 cm bed depth
¢ =22 cm bed depth
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Table 3 Protein solubility in 0.2% KOI1 and urease activity for high initial moisture
soybean dried in fluidised bed dryer

T M; M; Protein Urease activily Protein

(°C) (%d b)) (Yod b)) (%) (AplD) solubility
e (%)

140 335 233 40.76 067 86.14

130 321 220 3975 0.90 86.76
120 33.5 24.0 40.53 0.83 88.96
140 335 ) 40.14 010 81.78
130 3121 122 40.67 0.1l B1.70
120 33.5 128 41.33 011 - 8243

[nitial values 414541 67 189-204 89.94 — 90.07

Remarks: T = Temperature, (°C)
M, = lnitial moisture content, % dry basis
M; = Final moisture conlent, % dry basis

3.3 Eftects of drying, tempering and ambicnt air ventilation on moisture reduction
and quality of paddy

Soponronnarit ¢t al. (1999) investigated tn a laboratory the management of moist
paddy by three processes in series, e, fluidised bed drying, tempering and ambient air
ventilation.  Experimental results show that alter the three processes, the moisture content
is reduced from 33% 10 16.5% within approximately 53 minutes. During the first stage, a
Nuidised bed dryer with indet air temperature of 150°C was used 1o reduce the moisture
content of paddy down (o 19.5% within 3 minutes. Then the paddy was tempered for 30
minutes. Finally, it was cooled by ambient air (lemperature and relative humidity of 30°C
and 55-60%, respectively with air velocity of 0.15 nv/s) for 20 minutes. Quality of paddy in
terms of head rice yield and whiteness 1s acceptable.

4. SPIN-OIF1F FROM FLUIDISED BED PADDY DRYING

Soponronnarit ¢t al. (1998) conducted paddy drying using lluidisation technique
and paddy tempering following drying in a laboratory and found a significant spin-off.
Head yield increases higher than 50% when paddy is dried by (luidisation techmique with
inlet drying air temperature of 140-150°C and initial moisture content of paddy of 29.9 -
44 9%  As initial moisture content increases, head rice yield increases. Final moisture
contents of paddy that can increase head yickl to a maximum value are in a range of 23.4 -
28 2%. 11 is believed that gelatinization especially at the surtace of rice kernel is the main
factor for increasing head yield. Tempering of paddy aller drying can maintain head yield
as compared to that without tempering Rice whiteness of dried paddy is mostly accepted



provided that tempering lempcraluré is not higher than 60°C. For consumer acceptance,
tested rice without tempering is not significantly different from that dried by ambient air,
while tested rice with tempering, alter being cooked, has higher bad smell and lower
whiteness. [However, this may be solved by reducing tempering time down to 30 minutes.

CLOSING REMARKS

Fluidised bed grain drying has been developed for almost 7 years in ‘Thailand. The
first fluidised bed paddy dryer was first commercialized in T'hailand in 1995 1t is probably
the first commercial continuous fluidised bed dryer for paddy drying. Since then, more
than 90 commerctal units with capacities of St/hour and 10 (/hour have been sold in
“Thailand, the Philippines, Indonesia, Mataysia and Taiwan.

A basic study including drying kinetics and factors afTecting grain quality, moisture
reduction rate and energy consumption was conducted for paddy, maize and soybean.
Important results are presented in this paper.  The performance of conunercial fluidised
bed grain dryer was also investigated and presented.  Finally, a complete mathematical
model for continuous fluidised bed grain drying was derived.

In conclusion, the fluidised bed paddy diyer can be competitive with conventional
hot air dryers especially at high moisture level, i.e low energy consmmption, low cost and
acceptable paddy quality. Important operating paramcters are | drying air lemperature ol
140 - 150°C, fraction of air recycled of 0.8, air velocity around 2.0 - 2.3 n/s and bed
thickness of 10 - 15 cm. Under proper conditions such as high initial moisture content of
paddy (higher than 29.9%) and high air temperature (140 - 150°C), head yield can be
increased up to 50% compared to ambient air drying. FFor consumer acceptance, tested
rice with fluidised bed drying is not significantly different from that dried by ambient air. -

For other grains, the fluidised bed dryer has a  great  potential  for
commercialization. A few units have been used in parboiled rice, maize and soybean
industries, Experiimental results obtained from commercial {luidised bed dryers showed
good performance and good product quality with a significant spin-off that urease activity
in soybean kernet could be reduced to an acceptable level as required by animal feed
industry.
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