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Analysis of Air Circulation and Distribution inside Centrifuge-Fan-Operated Separation Unit of Rice Seed
Processing Machinery Using Computational Fluid Dynamics Technique
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Abstract

Seed cleaning is a process that separates impurities from pure seeds, as well as removal of debris, low
quality, infested or infected seeds and seeds of different species (weeds). These impurities can cause diseases
and insects that results in loss during storage in both quantity and quality. Rice seed processing machine was
designed and developed on the basis of specific gravity and physical properties of rice seeds. The machine
consists of storage tank, feeder unit, suction-fan-operated separation unit, and sieves. The design of suction-fan-
operated separation unit did not include circulation and distribution of inside air; as a result, the separation and
cleaning units can not operate efficiently. Therefore, this research aims to study an effect of structural shape of
suction-fan-operated unit on air circulation and distribution, using Computational Fluid Dynamics (CFD). Variables
in this study consisted of shape of outside structure — cylindrical rounded shape and pyramid with square base
shape and shape of air inlet rectangular shape and round shape. Results of the study showed that pyramid
structure with square base shape and rectangular air inlet, provided the most consistent circulation and
distribution ratio.

Keywords: Separation, Cleaning and Computational Fluid Dynamics (CFD)
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Figure 1 Characteristic of air flow direction in centrifuge-fan-operated separation unit of rice seed processing
machinery; a) Cylindrical rounded shape with round air inlet b) Square pyramid base shape with round
air inlet ¢) Cylindrical rounded shape with rectangular air inlet d) Square pyramid base shape with
rectangular air inlet
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Figure 2 Position of air velocity in suction-fan-operated separation unit.
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Table 1 Air velocity and position inside suction-fan-operated separation unit in each variables.

Position Air velocity (m/s)
Shape 1 2 3 4 5 6 7 8 9 10  Average
round 10.61 948 1.66 248 196 197 229 168 1.64 0.38 3.41
Cylinder Cone
rectangular 10.81 9.58 181 247 192 1.69 1.08 138 150 0.31 3.25
round 10.76 525 157 242 194 168 136 1.78 025 0.00 2.70

Pyramid Cone
rectangular 10.75 526 160 261 191 161 146 1.77 0.38 0.00 2.73
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Position in suction-fan-operated separation unit

Figure 3 The relationship between air velocity and position inside suction-fan-operated separation unit in each

variables.
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Table 2 A comparison of air velocity by using the equation of continuity and Computational Fluid Dynamics

(CFD) in each variables.

Position Velocity (m/s)
Diameter (cm) Area (cm?)
Equation Simulation
Shape

3 1 3 1 3 1 3 1
Cylinder round 23.93 8.05 449.53 50.87 1.13 10.00 1.66 10.61
Cone rectangul 2393 8.05 449.53 50.87 1.13 10.00 1.81 10.81
Pyramid round 21.20 712 449.44 50.69 1.13 10.00 1.57 10.76
Cone rectangul 2120 7.12 449 .44 50.69 1.13 10.00 1.60 10.75
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c¢) Square pyramid base shape with round airinlet  d) Square pyramid base shape with rectangular air inlet
Figure 4 Vector of air velocity in inside suction-fan-operated separation unit in each variables.
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