2571 A=A A23P A6%. pp. 583~590. 1998

Jé-ll___

oh RO WIERY MET

Some Physical Properties of Chopped Rice Straw?
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ABSTRACT

This study was performed to determine the kinetic friction coefficient, bulk density, dynamic and static angle of
repose, and terminal velocity of the chopped rice straw in the moisture range of 8~23%, which could be used for
better design and operation of the processing machinery and handling facilities. Friction coefficient was determined
from the horizontal traction force measured by pulling the container holding the mass of rice straw on the various
plate materials. Bulk density was measured with an apparatus consisting of a filling funnel and a receiving vessel.
Dynamic angle of repose was calculated from the photos of bulk samples piled by gravity flow on a circular
platform. Static angle of repose was determined by measuring the side angle of the bulk material which was left in
the cylindrical container after natural discharge of the bulk sample through a circular hole in the bottom plate.

Kinetic friction coefficients of rice straw on the PVC, mild steel, stainless steel, and galvanized steel were in the
range of 0.303~0.434, 0.222~0.439, 0.204~0.448, and 0.206~0.407, respectively, and indicated linear increase with
moisture content. The effects of moisture change on the friction coefficients were in the order of PVC, mild steel,
galvanized steel, and stainless steel. Bulk density, dynamic and static angle of repose, and terminal velocity were in
the range of 56.8~60.3 kg/m?®, 41.4~45.9° , 94.4~100.8° , and 1.07~4.48 m/s, respectively, and were increased
linearly with the moisture content.

F 2 8o (Key Words): ® 3 (Rice straw), w}2A| 4 (Friction coefficient), 454 = (Bulk density), gt2] 2}
(Angle of repose), =24 5 (Terminal velocity)
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Table 1 Experimental conditions for the kinetic
friction coefficient measurement

Item Conditions

Load cell 49 kN (5 kgy)

Pulling speed 500 mm/min

Container 100 X200 x 50 mm
(WxLxH), 270 g

Tensioning weight 300 g

Sample weight 110 g

Added weight 2591 g

—584—



A g mEe WE

Universal testing
machine

Additional
weight Sliding surface
Container —~—

Roller Roller

i

Tensioning
weight

Fig. 1 Apparatus for measurement of the kinetic friction coefficient.
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Fig. 3 Apparatus for measurement of the
dynamic angle of repose.
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Fig. 4 Typical shape of the bulk material
piled on circular platform.
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Fig. 5 Schematic diagram for the calcula-
tion of static angle of repose.
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Table 2 Kinetic friction coefficients of rice straw on various materials.

Moisture Regression equations
%, w.b) 85 134 18.4 227 X: moisture content (decimal)
Plate material y: dynamic friction coefficient
PVC 0.303 0.337 0.380 0.434 y = 0.9040x + 0.2209 (r2=0.98)
Mild steel 0.222 0.304 0.370 0.439 y = 1.4897x + 0.0985 (12=0.99)
Stainless steel 0.204 0.277 0.350 0.448 y = 1.6677x + 0.0875 (12=0.99)
Galvanized Steel 0.206 0.276 0.340 0.407 y = 1.3911x + 0.0875 (2=0.98)

Table 3 Bulk density of rice straw at various moisture contents

Moisture (%, w.b.) 8.5

12.7 16.7 228

Bulk density (kg/m’®) 56.8

57.5 58.5 60.3

Regression equation
X : moisture content (decimal)
y: bulk density (kg/m®)

y = 24.886x + 54.47 (1?=0.98)
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Table 4 Angle of repose of rice straw at various moisture contents

Moisture Regression equations
(%, wb) 8.5 12.1 16.7 22.8 x: moisture content (decimal)
y: angle of repose (degree)
i £
Dynamic angle 0 414 4.1 434 459 | y = 31.58x + 38454 (2=098)
repose (degree)
Static angle of repose| o, , 948 962 | 1008 | y = 44.89x + 89.803 (2=0.90)
(degree)

Table 5 Average terminal velocity of rice straw at various moisture contents

Terminal velocity (m/s) First- Second- Last-
Moisture (%, w.b.) airborne airborne airborne
7.6 1.07 1.78 340
13.2 1.14 1.92 3.79
18.6 125 2.05 420
23.1 1.35 2.23 448

Regression equations
X : moisture content (decimal)
y, : First-airborne terminal velocity (m/s)
¥» ¢ Second-airborne terminal velocity (m/s)
y; : Last-airborne terminal velocity (m/s)

i : 1.83x + 09128 (2 = 0.91)
y, : 2.83x + 1.5509 (1 = 0.93)
ys : 7.04x + 2.8631 (2 = 0.99)
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