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SELF-SEGREGATION OF MAIZE KERNELS
DURING GRAVITATIONAL DISCHARGE FROM A SILO
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Summary. The aim of the study was to find out how someitamtthl elements inside a silo af-
fected segregation of a grain mixture. Three typiesilos, natural scale size, with a funnel for
discharging stored grain were tested. Maize kemelee used as experimental material. It was
demonstrated that in a silo with a central ventilapipe the last batch of grain contained 2.8-fold
more useless impurities than the average valus.rkcommended to subject the final portion of
discharged grain to additional cleaning in the $ypEsilos tested.
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INTRODUCTION

Self-segregation of grain occurs when silos equdppith a conical funnel are emp-
tied [Bowszys 2006]. In such silos a channel typéaw is most common. First to be
discharged from a silo is the heaviest grain, lyétase to the silo’s symmetry axis and
containing the fewest impurities. During the fipddase of emptying a silo, grain is re-
moved together with impurities which have gathemedr the silo walls. This process is
conditioned by the geometrical properties of thenfl as well as physical characteristics
of grain [Mohsenin 1987, Kusska 2003].

The purpose of the study was to find out how cer&alditional elements within a
silo, such as a ventilation pipe or a cone, affésigregation of grain mixture.

The results imply how much of the grain needs tatiditionally cleaned in order
to remove impurities mixed with grain during sedfgsegation.

MATERIAL AND METHODS

Three types of silos of natural scale size, alhiad&l in the main measurements (di-
ameter, height of the coat, size of the dischaugedl) — Fig. 1 — were tested. One silo
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was equipped with a ventilation pipe; another om@s furnished with a ventilation cone
while the third silo had no ventilation system.

Fig. 1. Tunnel type of grain mass flow: a) in @silith a central ventilation pipe, b) in a silo it
a ventilation cone, c) in a silo without a venidatelement

The average moisture content of the maize grain Mdas%. The silos were filled
up gravitationally. During the storage the grairswat ventilated, which meant that the
distribution of impurities in spaces between thaimg was unaltered [Bowszys
and Rogowski 1999].

The tests were performed according to own methaggol@Grain samples were
taken directly under the discharge pipe. The awe@@pacity of grain discharge was
5.7 Mg h'. The first samples were collected when the grayei height was 4.5 m; later,
while the grain layer height diminished, samplesenaken every 0.5 m decline. Each
sample weighed 1.5 kg and was used to collect 4emsamples weighing 120 g. Each
small sample was manually sorted into three frastiavhole grain, broken grain and
useless impurities (chaff, parts of weeds). Sampie® weighed on an AM-500 scales
at +0.01 g precision.

Volume of impurities was computed from the follogiequations:

X1 =alg- 100, % Q)
where:
X4 — value of useless impurities, %
a — mass of useless impurities, g
g — analytical sample mass, g

X, =b/g- 100, % 2
where:
X,— value of useless impurities, %
b — mass of useless impurities, g
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RESULTS AND DISCUSSION

All the tested silos were identical in their ex@@rsize (Fig. 1). The height of a silo
coat was 5 m, the diameter was 3 m and the angleeafenerator of the discharge fun-
nel was 51.4 The physical characteristics of grain which afiies flow from a silo are
the internal friction angle and the coefficientfid€tion between grain and the silo wall.
Maize kernels are characterised by the kinetidifncfactor equal 0.33, whereas the
internal friction angle is 28 Mohsenin [1987] specified characteristics of graiass
flow from a silo depending on the internal frictiangles and an incline of the discharge
funnel. The correlation presented by Mohsenin ssiggthat the favourable effect pro-
duced by the mass of maize grain in the tested slexcluded. It was found out that the
flow of maize grain out of the tested silos wasnirtype, which is associated with the
unwanted effect of grain self-segregation.

The distribution of impurities in maize grain whdéscharging the silos is presented
in Figures 2, 3 and 4.

In the silo with a central ventilation pipe (Fica)lthe amount of useless impurities
in the first batch of grain and at the grain lapeight of 2 to 2.5 m was the smallest
(8.08%). This finding confirms the tunnel type flmf grain along the central pipe. The
highest percentage of useless impurities (3.8%)moed at the height of 4.5 m, when it
was 2.8-fold bigger than the average percentagedaf impurities, and in the final batch
it reached 2.12% (Fig. 2). The mass of grain eqoa1% of the total grain volume
should be additionally cleaned.
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Fig. 2. Composition of impurities in maize kerndlging the discharge of a silo
with a radial ventilation system (with a ventilatipipe)

The analysis of the discharge process from a sitb wertical ventilation system
(Fig. 3) showed that the percentage of uselessritlgsiremained within the range of
10.27% and 13.18% during the whole process and slightly diverted from the aver-
age value of 12.47%. The highest content of usétegarities 0.28% was in the samples
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collected at the grain layer height of 4.5 m andhim final phase 0.32%, whereas at the
height of 3 m the percentage of useless impuritias twice as low. The batch of grain
which needed further cleaning was 16% of the tatabunt of grain.
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Fig. 3. Composition of impurities in maize kerndiging the discharge of a silo with a vertical
ventilation system (with a ventilation cone)
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Fig. 4. Composition of impurities in maize kernels
during the discharge of a silo without a ventilat&gystem
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In the silo without a ventilation system (Fig. lo)ost of useless impurities
(19.24%) occurred at the height of 4.5 m and inl#s¢ batch of grain (18.91%) at the
average percentage of impurities of 12.06%. Whealyaing the curve delineating the
occurrence of useless impurities (Fig. 4) it watedrined that higher quantities of im-
purities appeared in the initial 0.76% and thelfth@3% phase, when they were twice as
high as the average value. In this silo the fir@th of grain, which makes up to 13.0%
of the total amount of grain, should be cleanedraga

CONCLUSIONS

1. The central pipe in a silo with a radial ventilatisystem causes increased seg-
regation of useless impurities. The highest amafintseless impurities occurred in the
initial and final phases of emptying the silo, whiewas 2.8-fold higher than the average
value.

2. In the silo furnished with a conical ventilatiorerlent, when maize grain was
discharged the amount of useless impurities wafwumiduring the whole discharge
process, only slightly diverging from the averagéue.

3. The highest amount of useless impurities in the without a ventilation ele-
ment occurred in the final batch of grain, wherevés 2.1-fold higher than the average
value.

4. The following percentages of maize grain shouldabditionally cleaned after
being discharged from the three types of silos: 18% silo without a ventilation sys-
tem, 16% in a silo with a conical ventilation elarhand 21% in a silo with a central

pipe.
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