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Summary

The winnowing fan developed in Japan, is widely
used for the processing of various crop seeds. It
mainly consists of a fan, wind duct, and grain sepa-
rating boards. The winnowing fans may be clas-
sified as (1) fanning mill and (2] grain cleaning and
separating fan.

The fanning mill (indigenous TOMI) is a simple,
convenient and efficient grain cleaning machine,
widely used by farmers to clean small seeds of
sizes, ranging from rape-seed, hog millet, segmented
seed of sugar beet to beans. The fanning mill in
question was primarily constructed to perform the
following two functions: (1) to air clean the seed,
and to separate the desired grain from all chaff,
straw, dust and dirt, (2} to separate the developed
grain from mixed grain.

The grain cleaning and separating fan is used as
a part of the thresher, combine, and rice huller.

The operation of a fanning mill requires the skill
of many years of experience. When the grain
cleaning and separating fan used as a part, it is
extremely efficient as an air cleaning device for
crop seeds.

The present investigation was conducted to de-
termine the performance of the minnowing fan
used for the threshing machine, which was operated

under loadless (air distributing only) and loaded
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conditions {with grain).

This paper summarizes the fundamental experi-
ments on three basic performances which are largely
responsible for the characteristics of the plate fan:
Namely,

(1) the required power, the wind velocity, and

the overall efficiency.

(2) the wind distribution at the wind duct and

the rate of wind velocity deviation.

(3) the effect of the fan blinds and blade shapes.

The main purpose of this paper is in obtaining
basic functional data for the determination of an
even grain distribution and elucidation of cleaing
characteristics.

1956 to Oct. 1959

were conducted in the following heading order:

A series of studies from Jul.

1. Fundamental performance under no-load con-
ditions (air only).

(1} The required power and the mean wind ve-

locity.

(2) The characteristic curve of the winnowing

fan.

{(3) The distribution of wind velocity and the rate

of wind velocity deviation.
2. Grain cleaning and separating tests.

(4) The drop course of the grain and the principle

of grain cleaning.

(5) Wind distribution and grain distribution.

{6} On the influence of fan blinds and the grain
distribution.

A brief description of the experiments performed
on each item will be given in the above order.

(1) The required power and the mean wind velocity.
Power required varies as the cube of the im-
peller speed. The forward slant blade fan with
four blades requires more power than the back-
ward slant. In the relation of the required power
and the wind velocity, three blades show a similar
efficiency to four blades, while two blades show
lower values.

The mean wind velocity at the outlet varies
directly as the impeller speed. In the case of
three blades, the results were similar to four
blades.
ues than the other blade angles.

Forward slant blades showed higher val-
In the case of
two blades, angling of the blades had no effect

on the wind velocity. In four blades, however,
the wind velocity is not increased by the forward

slant blade over outlet blade angle 5, of W
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Generally, the backward slant blades show a lower
wind velocity at all fan speeds, as compared with
the radial blades (3,=90°%. In other words, the
overall efficiency of the forward slant blades is
high. The highest efficiency is obtained at 3, of
99°, 108°, and 90°, respectively, for the four, three,
and two blades.

Since the required power of the winnowing fan
increases much more rapidly than the increase in
impeller speed, it is indicated that a mere increase
in impeller speed, for instance in the processing
of beans, means a loss in power.

If the grain thresher is operated under overload
conditions, the impeller speed decreases in ac-
cordance with the cylinder speed decrese (as much
as 10%). Therefore, in the case of using an
engine with a smaller torque, overloading should
be avoided as much as possible.

i2) The characteristic curve of the winnowing fan.

The present investigation was conducted in
order to clarify the relation between the opening
at the suction port and the number of blades.
These performance tests were attempted on radial-
four blades and constant speed.

The performance of the four blade fans is
superior to two or three blade fans. When the
proper magnitude of the opening ratio is consid-
ered, it was noted to be most effective in the
region of 1.16 to 2.34. For instance, with the
opening ratio at 2.34, the impeller speed should
be 800r.p.m. with four blades. The required
power, the oberall efficiency, and the rate of wind
velocity deviation are 0.26 hp, 41%, and 6% re-
spectively.

As regards the width of the delivery port, ex-
periments were performed on widths from 30 to
82cm with the diameter of the suction port at
25cm. The capacity varies from 0.45 to 0.94 cu
m of air per sec. The wind velocity, on the other
hand, varies from 144 to 11.5m per sec.

The wind velocity failed to increase when the
width of the delivery port was less than 30cm,
and the preferable width was found to be within
a range of 42 to 57cm. In this case, the range
of the ideal opening is from 2.34 to 1.72 and L/D
=1.68~2.28, where L is the width of the delivery
port and D is the diameter of the suction port.

According to aerodynamic studies of the impel-

ler shape, the performance of the forward-curved-

blade fan is similar to the straight-blade fan. The
performance of the impeller with four out-corners
sheared off was higher than when four in-cornere
were sheared off.

According to laboratory tests on the fanning
mill, the wind velocity at the third spout is from

2.65 to 6.6 m per sec.

(3) The distribution of the wind velocity and the

rate of the wind velocity deviation.

The vertical distribution of wind velocity is
lower at the upper half of the outlet as compared
with the lower half. In the forward-slant-blade
the wind velocity increases in the upper half.

The horizontal distribution of wind velocity is
similar to the W-type and V-type, respectively at
housing I and II. Generally, the wind velocity at
the suction port side is higher than the middle
of the wind duct. The rate of wind velocity
deviation is from 9 to 11% respectively in two-
blade fans, and from 7 to 9% in four blade fans.
It is found that the minimum rate occurs at about
0° to+22° tilted blade angle.

It is noted that the wind velocity deviation is
lowest when an even wind distribution is main-
tained. The proper tip clearance is one third of
the height of outlet (housing 1).

In most cases the winnowing fan employed fan
blinds, at each end of the fan housing, to regulate
the amount of air. The rate of the wind velocity
deviation varied with the position of the fan
blinds. In this case also, a uniform distribution
of the wind velocity means the lowest rate of the
wind velocity deviation. The rate of the wind
velocity deviation is classified as follows: under
8% good, from 8 to 10% fair, over 10% bad.

{(4) The drop course of the grain and the principle

of grain cleaning.

The drop course of the grain in the wind duct
is influenced by the angle of inclined board; the
initial velocity of the grain; the angle of grain in
the air blast; size, shape, surface characteristics ;
specific gravity ; moisture of grain, etc.

The functional relationship between the type of
grain and the blast angle of fan was studied in
the present paper.

The experimetal device introduced here is shown
in Fig. 11. The diameter of fan roter is 397 mm,
the width of wind duct 600 mm and the fan is

driven by a } horse power electric motor. The
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hopper is located just above the outlet, with
a ‘black board’ placed strategically behind the
wind duct while a sheet of glass was placed par-
allel to the ‘black board’ to observe the drop
course of grain. Under the wind duct, a grid
arrangement of grain boxes indicate the grain
distribution.

The wind velocity should be distributed evenly
at the outlet under no-load and grain cleaning
conditions. Because wind velocity distribution
was equalized by the blade angle and number of
blades, the straight and four blade fan (with the
lower hall moon opening at the air suction ports)
can be used for this grain drop test.

Since the drop course of the grain can easily
be measured by photographs with flash bulbs, the
definite position of the TOMI seed separating
the wind duct was
The

purpose of the board is to uniformize the product.

board located in front of

determined by the drop course of the grain.

The variety of materials are rough {(unhulled)
rice® (well-developed rice, under-developed rice.
and removed hull,. oats, wheat, adzuki beans, and
sovbeans (large and small are respectively over
diameter of 55 mm and under 5.5 mm).

When the height of outlet was 25c¢m from the
grain boxes, the proper wind velocity of grain
separation of removed hull and under-developed
rice were 52 and 7.8 m/s respectively. The influ-
ence of air blast at the outlet bhegining from 4.5,
5.2 and 6.5m/s are respectively hull, under-devel-
oped seed, and developed seed of rough rice. At
the blast angle of 0° in rough rice with the fan
speed at 600 r.p.m., the grain distribution of 7.8
m's was similar to those of 6.0m/s at a blast
angle of 30°. When the developed and under-
developed seeds of rough rice were separated the
TOMI seed separating board was 25cm lower
than 6 cm.

The distribution of oats is similar to rough rice.
At the separation of adzuki beans with the fan
angle at 30° or 40°, the TOMI seed separating
board was higher than the rough rice or oats.

When the index number for the volume of air
required for ideal separation of rough rice with
the blast angle at 30° is expressed as 1, larger

soybeans required 2.23, smaller soybeans 2.00,

*
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Sei-momi; well-developed rice, Shiina; under-developed rice, Momikara; hull.
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adzuki beans 1.78, wheat 1.33, oats 0.94.

found that the ideal wind velocity in smaller

It was

soybeans was twice of that required in rough
rice. The wind velocity of separation at the blast
angle of 0° should be increased 1.12 times against
the blast angle of 30°.

The principles of grain cleaning and separating
are not affected by the thousand grain weight or
specific gravity of grain, as generally accepted,
but approximately coincide with the G/F ratio
where (7 is the grain weight and F is the surface
As in-
dicated, this agrees with the theory of grain sepa-
The rela-

tionship between the rate of G/F in each grain

area or angle of a grain in the air blast.
ration as set forth G. Kiihne (1932).

and the index number of cleaning is shown in
Fig. 47.

In order to determine the proper fan speed for
a certain unprocessed grain, the G/F ratio can be
always determined by comparing with the grain
cleaning standard in rough rice. Further, it is
pointed out that the magnitude of F is varies
with the angle of each grain in the air blast.
Thus, the drop course of the spherical or slender
seeds tend to spread out while various patterns
are to be expected in accordance with the shape
and surface of the seed.

For instance, the surface characteristics of seed
may be rough or smooth, since there are oats
with empty glumes, single, two or three grained
type of oats, whole or segmented seed of sugar
beets, and rough rice with rachis (branchlet) or
awn.

Wind velocity distribution and grain distribution

(Grid pattern).

At the blast angle of 0°, the distribution of un-
hulled rice are W figure shaped in the grid box
and indistinct W figure shaped, which indicate
distribution with to the

a more even respect

backward slant and straight blade. Besides, the
distribution of the forward slant blades tends to
take on the W figure shaped, because the grain
piles divide into three parts and the wind velocity
at the side of suction port is higher than the
middle wind duct.

The grain distribution in three blades fan shows

a similar pattern to four blades, but the results



in two blades are generally uneven.

At the blast angle of 30°, W-type distribution
changes to U-type. Three or four blade fans
with straight blades show better results as com-
pared with others. Two or three blade fans are
distributed evenly at the straight or forward slant
blades. Therefore, it is noted that in order to
insure uniform grain distribution the number of
blades and the blade angle should be determined
scientifically.

The distribution of soybeans or wheat shows
a similar result to rough rice. The rate of wind
velocity deviation should be under 10%.

(6} On the influence of fan blinds and grain dis-
tribution.

This investigation was conducted to determine
the type or position of air blinds for effective
regulation of air in concentric 50% openings and
half moon openings.

When the suction ports on each end of the fan
housing is regulated the concentric 50% opening,
the wind velocity decreases by approximately 40%
of the full opening, the rate of wind velocity
deviation of concentric 50% opening is 5.7%. The
results of lower half moon opening and upper
half moon opening are respectively from 3.5 to
6.7% and from 112 to 29.0%. In former, the

wind velocity distribution is even, while in the
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latter the distribution changes to V-type. Thus,
the grain distribution is similar to the horizontal
wind distribution. It may be said that the lower
half moon opening has an even distribution, while
the upper half moon opening shows an uneven
V-type distribution. This is due to the fact that
in the upper half moon opening the air blast in
the center 1s nullified and the grain merely drops
through the duct and piles up snow drift fashion.
The air blast on both sides of the opening is high.

In the case of the distribution in wheat. the
tendency at the blast angle of 30° is similar to
the distribution in rough rice at the blast angle
of O°.

Grain distribution, generally, is affected by the
wind velocity distribution of the lower half.

The separation of light seed is affected by the
wind velocity distribution in the upper half, while
heavy seed is affected by the lower half.

From the investigation with grain, the rate of
wind velocity deviation is classified again as fol-
lows: under 8% good, from 8 to 10¢ fair, over
10% bad.

Since the wind velocity distribution varies with
the position or from of suction port and the
location of fan pulley, a fan blind should be em-
ployed in order to obtain an even air flow at the

suction port.



