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Abstract

Project Code: TRG4580085
Project Title: High Temperature Spouted Bed Paddy Drying With Varied Downcomer Airflows And

Moisture Content: Effect On Drying Kinetics, Critical Moisture Content, and milling
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Project Period: 1 July 2002 — 30 June 2004
Objectives:

1. To investigate the effects of introducing air through downcomer regions on drying
kinetics which is expected to promote intensive drying without any change of dryer
volume

2. To study the impact of drying conditions such as drying temperatures, downcomer
airflow and initial moisture content on physical properties of rice after milling process

3. To determine suitable strategy for drying paddy by spouted bed technique analyzing
from the experimental results of drying kinetics and milling quality and finally

4. To compare spouted bed paddy drying with fluidized bed paddy drying of works
involving

Methodology:

Spouted bed drying was studied in a two-dimensional spouted bed batch dryer as
shown in Fig.1 and using paddy as tested material. The dryer comprised of a vertical
rectangular chamber with a tempered glass window fitted to the front to permit visualization of
grain flow pattern and a slant base chamber with an angle of 60°. The overall dimensions are
80 cm in width, 8.4 cm in depth and 120 cm in height. To investigate what drying kinetics and
milling quality in terms of head rice yield and whiteness are going on when distributing air

downcomer regions, hot air was distributed at the bottom of slant base chamber through
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three air inlets namely a central rectangular air inlet serving for spout region with 3 cm in
width and 8.4 cm.
Air was heated up by six of electric heaters with a capacity of 1.5 kW for each (9kW in

total).The inlet air temperatures were automatically controlled by PID. Temperature controller
with an accuracy of =1°C. Temperatures of system were measured by data logger and

temperature indicator with an accuracy of £1°C connected to thermocouple type K. Air flow
rates with high temperature were regulated by orifice meter cooperating with manual valves.
For air recycled with temperature under 90°C, air velocity was measured by hot wire
anemometer with an accuracy of & 0.3 m/s and for that with temperature above under 90°C,
Pitot-static tube with U-tube manometer was used. A 2.2 kW variable frequency inverter was
used to regulate blower motor speed to attain desirable airflow rate which could be able to
sustain stability of spouting behavior even in case of sharing much of hot air to downcomer
regions. In order to determine moisture content of paddy, each sample of 20g paddy were
measured by electronic balance with an accuracy of 0.0001g and drying it in hot air oven at
103°C for 72 hours. Paddy of 6 kg which created bed height of 72 cm was filled into drying
chamber for each experiment, and its color was measured by a Kett digital whiteness meter
which was calibrated with a white color reference.

Results and Dicussion:

It was found that moisture transfer did not only occur in spout region but it also took
place in downcomer region in particular for 20 and 30% downcomer airflow. Moisture and
paddy temperature dropped as grain downward moving in downcomer was resulted from a
present of evaporative cooling phenomenon. The characterization of drying curves
regardless of any drying conditions could be described by nearly linear relationships
between moisture content and time. Downcomer airflow and drying temperature were found
to significantly influence effective moisture reduction with the highest downcomer airflow of
30% and temperature of 150°C giving rise to the highest effective moisture reduction. Drying
temperature, downcomer airflow and initial moisture content also had strongly effects on HRY
and critical moisture content. The difference in moisture content between initial and critical
moisture contents according to 100£5% relative HRY varied between 4.5 to 8.0 points
(%d.b.) depended upon drying conditions. These numbers would increase as increase of

initial moisture content and decease as increase of drying temperature and downcomer



airflow. No significant effect on color was evident during testing period. Relating the HRY to
strategy of spouted bed paddy drying in this way it indicated that a properly management of
two-stages drying system could be a suitable and attractive alternative for rice mill industrial.
Finally, the comparison between spouted bed and fluidized bed paddy drying exhibited that
spouted bed had the advantages over fluidized bed in enhancing specific drying rate (kg
water evap.h’1m’3) and improving the HRY. In aspect of energy consumption spouted bed
was not efficient as fluidized bed in case of drying paddy with high moisture content but the
contrary result would be obtained for low moisture content. The SEC, of spouted bed was
5.5-5.7 MJ/kg water evap. and it was almost the same and not varied with decreased
moisture content or drying time.

Conclusions:

1. Moisture decrease in spouted bed drying was a combination of moisture reduction in
both spout and downcomer regions. Despite conventional convective drying as took
place in spout, evaporative cooling phenomenon was believed a cause of moisture as
well as bed temperature dropped along downward movement of paddy in
downcomer.

2. Drying curves regardless to any drying temperature and downcomer airflow were
characterized by nearly linear relationships between moisture content and time.

3. Downcomer airflow had showed an important effect in the effective moisture reduction
defined as a combination of moisture reduction in spout and downcomer regions in
the way that it increased as increasing downcomer airflow.

4. Drying conditions such as drying temperature, amount of downcomer airflow and
initial moisture content had also significantly influenced critical moisture content and
HRY. Even high drying temperature and introducing downcomer airflow enhanced
moisture reduction but they had adverse effects on critical moisture content and HRY.

5. From a product quality point of view, two-stages drying (as well as incorporating with
tempering process in-between may be necessary) seem to be a suitable strategy for
spouted bed paddy drying system.

6. As compared spouted bed paddy drying in present study with fluidized bed paddy
drying in concerned literatures, it was found that spouted bed presented much better

potential of preserving product quality in terms of HRY than that of fluidized bed.



Another advantage of spouted bed over fluidized bed was higher specific drying
rates (kg water evap.h'm®) than that of fluidized bed. Finally, SEC,, of spouted bed
were in the range 5.5-5.7 MJ/kg water evap. which was higher than that of fluidized
bed which was in the range of 2.5-4.0 MJ/kg water evap.

Recommendation:
To further study, an industrial-scale prototype of continuous spouted bed paddy dryer

should be designed, constructed based on lab-scale experimental result and tested

Keywords:Dehydration; Dryer; Fluidized bed; Head rice yield; Product quality; Rice mill;

Rough rice; Spouting; Thermal energy consumption; Whiteness.



