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The Effects of Operational Factors
On the Performance of Husk Separator
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Summary and Conclusions

Husk separator is an indispensable equipment in rice milling plants. However, any basic research on
the designing and operating criteria of the husk separator have rarely been conducted in Korea. According
to the survey results reported recently, grain loss occurs in the process of rice husk separation at custom
rice milling plants in Korea and the performance of husk separator has also not been identified.

With this regard this study was conducted with a typical commercial husk separator to investigate the
effect of the operational factors such as feed rate, blower speed and opening ratio on the velocity distribution
in the air duct and the performance of the separator.

The results are summerized as follows:

1. The average wind velocity in the primary air duct increased linearly with the blower rpm and the size
of air inlet port in both cases of double type and single type operations.

2. The coefficient of variation in the horizontal wind velocities in the primary air duct was the minimum
when the opening ratio was 0.22 (0.052 m? of air inlet port) in both cases of single type and double type
operations regardless of the blower speeds used in this test. The average wind velocity at the upper
part of air duct was greater by 2-5 m/s than’ the velocity at the bottom part in double type operation.
In case of single type operation, however, the average velocity in the middle part was greater than  the
upper or bottom part when the opening ratio was greater than 0.74.

3. The relationship between the overall effectiveness of separation(Ed for double type and Es for single
type) and the average wind velocity (Va) in the primary air duct was expressed in the following quadratic
functions.

Ed = -190.84 + 106.18 Va ~ 10.052 Va® (:* = 0.97782)

Es =-223.76 + 106.23 Va - 9.1935 Va? («* = 0.97029)

The average wind velocity required to obtain the overall effectiveness of separation more than 80%

ranged from 4.04 m/sec to 5.84 m/sec in case of double type operation, and from 4.70 m/sec to 6.20

m/sec in case of single type.

4. An optimum wind velocity can be obtained with an increase in the blower speed or the size of air inlet

port as presented in Figure 8. There was a tendency that the faster the blower speed, the narrower
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the control range of the air inlet port.

5. The feed rates (1850kg/hr and 2100kg/hr) adopted in this experiment did not bring about a significant

difference in both the overall effectiveness of separation and the power consumption.

6. The energy consumption increased cubically with the blower speed but linearly with the size of the

air inlet port. On the basis of the results described in items 1, 3, and 6, it would be more economic

to adjust the size of the air inlet port larger with a relatively low blower speed than to adjust the size

smaller with a relatively high speed.
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Fig. 1. Schematic drawing of husk separator
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Table 1. Specifications of husk separator

[tem Remark
Maker Hyung Gi Manu. Co
Type Fair wind type (double)

Size (£ Xhxw)

2400 X 1050 X 745mm

Type Centrifugal type with
radial type blades
Material Wood
Blow- |Blade tilt angle 0°
er No. of blade 8
Speed 220~345rpm
Blade size 700 X 240mm
Primary| duct size (wXh) 725 X 195mm
Secondary duct size(wXxh) | 725X 130mm

Air inlet port

Power transmission

rectangular (H. L, 2 step)
V belt

Electric Motor

1/2 HP(110V, 1¢)
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Fig. 2. Drawing of the feed roller of husk separator
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Table 2. Specification of grain sample
Items Observations Remarks
Milyang 23
Variety
brown rice Paddy
length (L) 6. 50 8. 61
Grain size width (W) 2.61 2.78 average value of
(mm) thickness (T) 1.92 2.09 10 grains
L/T 3.38 4.12
Bulk density (kg/2) 0.784 0. 491
Moisture content (%, W. B.) 12. 92 13.02
Weight of 1000 grains (g) 23.3 26.2
Bulk density of husk (kg/¢) 0.1
Admixture brown rice, paddy, husk
Hulling efficiency (%) 80
brown rice 64
baddy 20 reference 12
husk 16
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Table 3. Experimental design*

Factors Level Remarks
220rpm
speed of spec.
Blower speed 290rpm (290rpm)
345rpm
Feed rate of 2100kg/hr | huller capacity
the mixture 1850kg/hr (2000kg)
0.017m’
Size of air 0.052m* size of spec.
inlet port 0.104m? (0.052m?)
0.143m’

* Split-split plot design

Fig. 3. Structure of the blower of husk
separator and locations of wind
velocity measurement

Table 4. Size of air inlet port
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\\,\ Level
- 1 2 3 4
Inlet area
nlet area (¢ % ) 0.435x0.04 0. 435%0.12 0.435%0.24 0. 435%0.33
met area —0.017nt 0,052 m —0.104m —0.143
singl
single type 0.12 0.37 0.74 1.01
Opening operation
doubl
ratios ouble type 0.07 0.22 0.44 0.61
Operatlon

% Opening ratio=Inlet area/ Discharge area of wind duct.

Size of primary duct : 0.725%X0,195m
Size of secondary duct © 0.725%0.130m
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Table 5. Average wind velocity in secondary duct

O. R*(inlet
area 0.07(0.017m") .22 (0.052m") 0.44(0.104m") 0.61(0.143m")
Speed
220 rpm 1.10m/ s 241 m/s 4.15 m/s 5.1 m/s
290 rpm 1.51 3.70 5.93 6.64
345 rpm 1.54 3.75 6.94 8.51

* 0. R. =Opening ratio
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Table 6. Wind velocity distribution at the edge of the primary air duct as an example

Horizontal

location
Vertical 1 2 3 4 5 6 7 M 4 D (%)
location
Upper 5.4 6.0 5.5 5.5 5.6 5.5 5.7 5.6 0.19 3.4
Middle 3.7 4.7 1.2 3.0 3.4 4.2 4.5 4.0 0.57 14.4
Bottom 1.2 1.5 2.1 1.7 1.9 1.9 2.5 1.8 0.32 18.0
Average 3.4 4.1 3.9 3.4 3.6 3.9 4.1 3.8 0.36 11.9

. Standard Deviation(g)
Note:D Average' velocity (M) * 100 (%)
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Fig. 6. The effect of the blower speed and opening ratios on average wind velocity
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Table 7. Example calculation of the effectiveness of separation
Items Outlet No.1 for Outlet No. 2 for Outlet No.3 for Total wt.
sound grain greenish grain husks of each
compo. in
Purity wt. of each Purity wt. of each Purity wt. of each the initial
Component compo. (kg) compo. (kg) compo. (kg) | mixture
Component
#1 ¥11=0.995 24.67 ¥i12=0.19 0.90 W¥13=0.000 0.00 Q1=25.2
(sound grain
£2
(greenish W¥21=0.000 0. 00 W¥22=0.000 0.00 W¥23=0.000 0.00 Q2=0.0
grain)
#3 )
¥31=0.005 0.13 W¥32=0.804 3.70 ¥33=1.000 0.60 Q=4.8
(husks)
Total, wi
ow. 24. 80 4.60 0.60 30
(ke)
24,80 0.995-0.340 4.60 0-0 0.60 1.00—0.160
.= LR % X100 =84, 049
E 30 x 1—0.340 + 30 ><1 -0 30 1-0.160 ) X100 =84.04%
W01 90r
;\; 80 ;\E M o
E, 0 & ol .
£ 60f 3 60
& 2
- 50r- s S0
§ 1o E. = - 223,76 106.23V —9. 193V 2 g f0F Ea=—190.84+106.18Va — 10, 052Va?
E of (r2 =0, 97029) 2 ok (r?=0.97782)
° Fa
QL —
5 o0} G wf
101 10
1 L i 1 L L L J 1 L L 1 Il 1 | J
1.0 2.0 3.0 40 50 6.0 7.0 (m/s) 1 2 3 4 5 6 7 8 (m/s)

Wind velocity (double type)

© Wind velocity {(single type)

Fig. 7. Relationship between separation effectiveness and wind velocity
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Table 8. Summary of ANOVA table for effectiveness of separation and required electric power

(double type)

Uptimum range of average

Source of Effectiveness of Required
i Degree of freedom . .
varilance separation electric power
Tatal 47
Subplot 15
Main plot 5
Block 1
A 2 *k * K
Error (A) 2
B 1 * N. 8
AXB 2 N. S N. S
Error (B) 3
C 3 ok s
A)(C 6 ¥ *x%
BxC 3 N. S N. §
AxXBxC 6 N. S N. 8
Error (C) 18
Note A : Blower apeed, 3 Levels **  Significance for 1%
B : Grain feeding, 2 Levels * . Significance for 5%

C : Air inlet port, 4 Levels
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Fig. 8. Optimum ranges of the opening ratio of
the air inlet port depending on the blo-
wer speed and operational type
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