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Pneumatic Separation on Separating Unit of a Combine Harvester
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Summary

This study was attempted to investigate the pneumatic separation on separating unit of a
combine harvester. The aerodynamic characteristics of threshed materials were analyzed by ex-
periments. The air velocity distribution within the separation chamber was measured for various
speeds of the winnower and suction fans to find out the operational and design conditions of the
separating unit which would serve for reducing the grain loss from chaff outlet. The results of
study are summarized as follows:

1. Based on the separation curve of threshed materials analyzed, it was shown that three dif-
ferent kinds of materials-kernels, straw chaff, and leaf chaff were as a whole able to be
separated pneumatically, regardless of varieties. However, a small amount of the separation
grain loss may be expected to occur if the complete separation between kernels and straw
chaff would be undertaken because some portion of their separation curves were overlapping.

2. The analysis of air velocity distribution showed that the separation chamber may be divided
into two regions, the discharging and separating. The air velocity of the discharging region was
5-15 m/s and that of the separating region 2-5 m/s.

8. The air movement of the separation chamber may be a turbulance flow, being its speed
became greater as it moves from the left to the right section of the separation chamber. The
equi-speed lines of air flow had a steep gradient in between the discharging and the separa-
tion regions. The air velocity in the discharging region was much higher than the terminal
velocity of kernels, because of which those kernels appearing in that region could be possibly
exhausted as the grain loss from the chaff outlet.

4. The motion trajectory of threshed material in the separating region was dominantly affected
by the winnower fan, on the other hand, its motion in the discharging region was affected by
suction fan.

5. The grain loss from the chaff outlet was affected greatly by the winnower fan and the trace
of kernel movement. It was observed that the optimum working speed to give minimum grain
loss from chaff outlet for the combine tested should be maintained at 950 ~ 1,150 rpm for
the winnower fan and 1,850 rpm for the suction fan.

6. It was shown that a large portion of grain loss from chaff outlet may occur when the kernels

may bump against a portion of separation chamber wall and those kernels thus scattered into
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the discharging region were sucked by the suction fan. It was accordingly recommended that a

new design of the wall of separation chamber so as to bump down kernels may be necessary

to reduce grain loss from the chaff outlet.
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Fig. 1. Threshed materials used in the experiment of determining the terminal velocity.

Table 1. Physical properties of threshed materials used in the experiment.

Moisture Dimension (mm) Thousand
Variety content kerneal
(%, wb) Length Width Thickness weight (gf)
Milyang 23
grain single 14.3 8.47 3.02 2.05 27.85
straw 13.2 10, 30, 50 - - -
leaf 10.53 30, 50,70 — - -
Akibare
single grain 14.6 6.94 3.29 2,25 23.37
straw 15.6 10, 30, 50 - - -
leaf 8.5 30,50, 70 - - -
Minehikari
single grain 15.2 7.58 5.39 2.20 28.70
straw 12.8 10, 30, 50 — — -
leaf 7.5 30, 50, 70 - - -
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17 16 15 14 12 10 9 8
1. Pulley 2. Threshing drum 8. Threshing tooth
4. Concave 5. Sccond cylinder 6. Straw rack
7. Tailings fan 8. Spoke sieve 9. Tailing return thrower
10. Secondauger 1. Separgrainfinger 12, Oscillating sieve
13, Grin guide plate 14. First auger 15. Air stream devider

16. Winnower fan  17. Oscillating crank

Fig. 2. Schematic drawing of the threshing and
separating unit of a combine harvester.

a=25mm b=190mm
c=210mm d=70mm
1. Suction fan
9. Chaff separting chamber
8. Oscillating
4, Tailings return
Fig. 3. Measuring sections for air velocity distribu-
tion,
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d, (-90,-145)
d, (-10,-190)d, (-60,~280)
d, (-90,-245) d, (-120,- 200)

Fig. 4. Measuring points for air velocity distribu-
tion.
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Table 2. Speed of the winnower and suction fans used on the experiment.

Winnower fan Suction fan
Keral Rotational speed, Pesiphicral specd, Rotationalspeed,| . Peripheral speed,;
Pm m/s Pm m/s
Low 950 18.1 1,850 30.2
Standard 1,150 15.9 2,000 85.0
High 1,350 18.7 2,150 35.1
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Table 8. Minimum terminal velocity of the threshed

materials.
Threshed Minchikari | Akibare | Milyang 2?:'
materials variety variety | variety
Grain single 4.03 4.28 4,14
Grain 2 head | 3.84 4.36 -
Grain 8 head | 3.88 451 -
Grain 5 head | 4.09 457 -
Grain 3.86 4.42 -
branchlet
Straw 1 cm 2.82 2.39 2.32
Straw 3 em 2.49 2.42 2.40
Straw 5 cm 2.49 2,31 2.24
Leaf 3 cm 1.43 1.0 1.19
Leaf 5 cm 1.42 1.44 1.45
Leaf 7cm 1.42 1.54 1.48
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Fig. 5. Separation curves for threshed materials.
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Fig. 6. Air velocity distribution on C-section of separation chamber at the fixed suction fan speed with 2000 rpm
and varied winnower fan speeds.
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a) ab-position

b) aS-position

c) c-position

Fig. 7. The picture of the air-flow pattern being taken by blowing the white powder in separation chamber with the
speed of winnower fan at 1150 rpm and the suction fan at 2000 rpm.
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a) Suction fan at 2000 rpm

Fig. 8. Mean air velocity distribution on separation chamber
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Fig. 9. The trace of chaff in separation chamber
with- the speed of suction fan at 1850 rpm
and varied winnower fan speeds.
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Fig. 10. The trace of chaff in separation chamber
with the speed of winnower fan at 1350
rpm and varied suction fan speeds.
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Fig. 12. The contour line diagram of air speed in separation chamber with the speed of winnower fan at 1150 rpm and

-suction fan at 2000 rpm.
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Fig. 13. Effect of winnower and suction fans on
chaft-outlet grain loss.
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