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Ambient-Air In-Bin Drying of Paddy with the Modified Flat-type
Store for Small Scale Korean Farmer

K. S. Kim, M. G. Shin; D. C. Kim, J. W. Rhim, H. S. Cheigh** W. Mithlbader, T. W. Kwort
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Introduction

The traditional paddy-drying methods in
Korea require a high input of labour and con-
diderable losses of mass have also been re-
ported.(l) The previous studies have shown
that the low-cost small scale dryers for on-
farm use must be urgently developed to solve
the present drying problem and that in-bin
low-temperature drying seems to be one of
the most feasible drying methods considering
the requirements of the Korean fa\.nne'rs.(2""]|

Realizing the fact mentioned above, the
inbin drying and storage (IBDS) system by
the modification of the conventional flat-type
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paddy store was developed. For the develop-
ment and designing of -this IBDS system at
farm level, the following basic concepts were
considered: capacity according to harvesting
size (24 M/T of paddy), maximum natural
ventilation, mechanical aeration, rodent proof-
ing and prevention of water permeation from
the floor as well as the wells,

The advantages of this system includes
a lower investment cost, less attention and
handling requirement for drying and storage,
no need of petroleum fuel, more uniform dry-
ing, and good grain quality.

The objective of this study was to evaluate
the inbin low-temperature drying of paddy
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with the developed IBDS system under the

Korean climatic and farming conditions.

Materials and Methods

Experimental system

The IBDS system (rectangular type: 2.4 m
x 1.8 m and 3.2 m height) located in Seoul
was used (see Fig. 1 and 2). This system was
fitted with the air duct which had a main rec-

tangular wooden duct (20 ¢cm x 20 cm and

Airvent — [
with wire mesh

Outer door

i ~
Multipanel door

Main duct

Air vent Floor

Fig. 1. Conceptual drawing of modified flat-type
store (IBDS system).

about 235 cm long) and twelve inverted V-
shaped lateral ducts (bottom: 17 cm, height:
18 cm, length: 79 c¢m) on the floor. A centrifugal
fan driven by an electric motor of 0.4kw was
attached to the system. Air vents on the wall
were placed at 15 cm high from the ground
(just below floor) and 30 cm below the roof.
The construction material of the IBDS system
was mainly cement (or cement block), except
for the roof which consisted of corrugated
slate, The wall and inside roof of the system
were painted with water proofing material and/
or were lined with styrofoam sheet. And the
floor was also spaced to prevent the permeation
of heat and moisture from the ground. Outer

& _-_:D Air outlet

Wooden duct
Fan housing

: air temperature

: relative humidity
¢ slatic pressure

: dynamic pressure

Fig. 2. Schematic diagram of an experimental system
with the points for moisture content and

other determination,

and inner multipanel doors were installed for

grain handling,

Instruments and methods of analysis

Temperature and relative humidity of
ambient and at the head space of the store
were recorded continuously on hygrothermome-
ter (Sato Co., Japan), Airflow rate was calculat-
ed from the manometer reading of dynamic
pressure through the inlet nozzle and static
pressure was measured from pitot-tube in the
main duct, Samples were taken by a double
concentric tube type trier for the determination
of moisture content and the quality evaluation
at the various points in grain bulk, The samples
taken prior to drying were dried under the shade
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on a single layer and served as the control.
The moisture content of grain was determined
by dry oven method (24 hrs at 105°C. Acid
value

AACC.{5] Milling properties were ascertained

was determined by the method of
by the methods outlined in the Agricultural
Product Inspection Manualts} as follows; About
300 gm of paddy rice was dehulled in a Satake
testing mill and 165 gm of brown rice was
milled for 175 seconds in a mill. Theoretical
drying potential of air is defined as the capacity
of air to absorb water, which is a difference
in water content between the ambient air and
the adiabatically saturated air.!”) It was cal-
culated by the iterative approximation on a
HP-86B personal computer using ASHRAE
data.m

Paddy rice

Paddy rice were harvested by a combine
harvested in Suweon area. They were the high
yield variety (Milyang 30) in 1981 and 1982
and traditional variety (Akibare) in 1983. Mois-
ture contents of paddy were 21.0, 21.4, 24.0%
in 1982, 1982 and 1983 respectively, The
paddy were loaded manually after precleaning,
however, in 1983 precleaning was not performed

completely.

Drying procedure

Harvested paddy of 2,500 kg were loaded
in an IBDS system to 0.9 m in 1981 and airflow
was fixed at 6,0 m®/m® paddy/min. Air was
blown continuously, except on rainy days,
from the loading time to the day when the
moisture content at the top surface was lower
than 15%. Sampling was carried out every day
at 5 points at each layer as shown in Fig. 2.
In 1982, an IBDS system was filled to 1.1 m
with 3,000 kg of paddy rice and air flow was

kept at 5.0 m®/m® paddy/min. On the other
hand, the paddy rice of 2,900 kg were harvested
and loaded up to 1.2 m in the IBDS system
in 1983. And airflow was 3.9 m®/m® paddy/min.
In this case, bulk volume increased because
of the incomplete precleaning of paddy. Other
general procedures were almost the same as
in 1981.
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Fig. 3. Air resistance in the IBDS system,

: |BDS system
: Shedd's data

Results and Discussion

Static pressures in the IBDS system were
compared with the Shedd’s data as shown
in Fig.?.”.{sn A summary of the low temperature
in-bin paddy drying is given in Table 1 and the
quality changes after drying are also given
in Table 2. Weather conditions and the changes
of moisture content of paddy with the drying
time are shown from Fig. 4 to Fig. 6.

Static pressure in the IBDS system

Static pressure was measured at 1.1 m
depth in IBDS system filled with 14% moisture
content of paddy. With the variation of airflow
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Table 1, Summary of the results of low-temperature in-bin paddy drying in IBDS system,

1981 1982 1983

Initial moisture content (% w.b.) 21.9 21.6 24.0
Final moisture content (% w.b.)

maximum 15.1 139 15.2

minimum 13,8 12,6 12,5

average 14.6 13,2 13.6
Drying period Oct, 3-12 Sept, 27-Oct. 9 Oct, 13-28
Air temperature average (OC) 15.8 18.6 12.6
Relative himidity average (%) 69.9 63.3 64.0
Drying potential (kg Hy O/kg air) 0.00135 0,00187 0.00143
Airflow rate (m? air/m® paddy/min) 6.0 5.0 3.9
Grain depth (m) 0.9 1.1 1.2
Mass of wet grain (kg) 2,500 3,000 2,900
Mass of dried grain (kg) 2,286 2,710 2,551
Water removed (kg) 214 290 349
Drying time (hr) 185.5 211 351.5
Drying rate (kg H20/hr) 1.15 1.37 0.99

Table 2, Paddy quality after the low-temperature
drying in IBDS system,

1981 1982 1983

Milling yield (%) 920 915  90.1
Cracking ratio (%) 5.0 4.0 6.0
Acid value 6.5 8.5 7.2
(mg KOH/gm crude oil)

rate, static pressure changed along to the line
of Shedd’s value with minor differences. It
was considered that the differences were caused
by the different conditions such as bulk depth,
variety of paddy and air distribution mechanism
between two systems. However, it could be
inferred that air distribution duct in IBDS
system hardly had influence on the static pres-
sure and Shedd’s data would be adapted for
the design of low-temperature paddy drying
by IBDS system.
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Weather conditions

Average ambient temperatures during the
drying period were 15.8, 18.6 and 12.8°C
in 1981, 1982 and 1983, respectively. While,
average relative huminities were recorded as
69.9, 63.3 and 64.5% in the respective years.
Drying potentials were from 0.00135) to
0.00187 kg H, O/kg air and higher drying poten-
tial period was longer in 1982 than in the other
years. In 1983, drying potential was low but
lower range in this period was shorter than
in the others.

The equilibrium moisture content of paddy
rice requires drying potential above 0.0006
kg H; O/kg air for the reduction of the moisture
content below 17% during the harvesting season
in Korea. The period which had a drying poten-
tial below 0.0006 kg H, O/kg air rather increased

the moisture content of grains as shown in
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Fig. 4, Changes of moisture content of paddy and
weather conditions during the drying period
in 1981,

the period after initial drying time. In 1983,
only 12% of period was below this value of
0.0006, but in 1981 and 1982, about 20%
of period was below the indicative value, After
all, when the moisture content of the paddy
rice at the top surface is lower than 17%, the
operation period of fan would be determined

according to the weather conditions.
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Fig.5. Changes of moisture content of paddy and
weather conditions during the drying period
in 1982,

Drying time

Drying time.is dependent upon weather
conditions, air flow rate, grain depth and initial
moisture content of paddy. With the decrease
of airflow rate, drying rate was reduced accord-
ingly. In 1983, the late harvested paddy was
dried for the drying period extended up to

near November with the airflow rate of 3.9 m3/
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Fig. 6. Changes of moisture content of paddy and
weather conditions during the drying period
in 1983,

m® paddy/min. Even at high airflow rate, drying
time was extended considerably because of
the bad weather conditions. Drying potential
was relatively high but temperature was low,
thus mass transfer was limited, which, in turn,
resulted in low drying rate, In 1982, weather
conditions accelerated drying rate and thereby
shorten the drying period relatively. Therefore,
drying conditions should be adjusted according
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to the harvesting date and weather conditions,
Low airflow, high grain depth andfor high
moisture content will extend the drying period
and invite spoilage of paddy. On the other hand
excessively high airflow will require high operat-

ing cost.

Conclusion

Ambient-air in-bin paddy drying with
the modified flat-type store (IBDS system)
under the Korean climatic and farming condi-
tions could be adapted for the small scale Korean
farmer. In general, success of drying depended
upon the uniformity of moisture distribution
and milling yields. After drying the paddy
had relatively uniform moisture content and .
extended fan operation produced better results.
Moreover, paddy dried in IBDS system had
a relatively good quality as shown in Table 2.
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