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Abstract
Theoretical studies of the effects of angle of injection and air velocity on displacements of
cowpea and impurities particles in a vertical pneumatic cleaner were carried out. Experimental
study of the effect of angle of injection and air velocity on cleaning efficiencies of two varieties of
cowpea namely 1T90K-277-2 and Ife brown was also undertaken. The predicted horizontal
displacements of IT90K-277-2 and Ife brown from point of injection at 0.5 s ranged from 0.14 -
0.25mand 0.56 - 0.99 m respectively and at 1.0 s it ranged from -0.06 - 0.10 mand 0.22 - 0.40 m
respectively. The predicted vertical displacements from point of injection at 0.5 s ranged from -
0.98t0-1.16.mand-3.93t0-4.64 mandat 1.0 s itranged from -1.13t0-1.20 m and -4.52 to -4.80
m respectively. The predicted horizontal displacements of the impurities from the point of
injection at 0.5 sand 1.0s for angles of injection of 15 to 60” ranged from 1.11- 19.50 m and 4.45-
78.02 m for IT90K-277-2 and 1.35 - 8.52 m and 5.40 - 34.09 m for Ife Brown respectively. The
predicted vertical displacements of the impurities from the point of injection at 0.5 sand 1.0 s for
angles of injection of IS to 60" ranged from -0.77 to 18.03 m and -3.08 to 72.12-m for IT90K -
277-2 and -0.57 to 6.87 m and 2.27 to 27.49 m for Ife Brown respectively. The predicted
horizontal and vertical displacements of the cowpea varieties decreased with increase in angle of
injection. For the impurities, as the angle of injection increased, the horizontal displacements
decreased but the vertical displacements increased. This showed that impurities are farther
displaced from the grains as the angle of injection increased. Experimental cleaning efficiency
showed that cleaning efficiencies increased as the angle of injection increased which confirms the

trend predicted by the displacements.
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INTRODUCTION

The separating effect of moving air has been
used to remove chaff, dirtand light- weight seed ,
from agricultural products. This process known
as aerodynamic and pneumatic separation has
been an effective method of removing impurities
from cowpea (Aguirre and Garray, 1999:
Aderinlewo and Raji, 2013). The product to be
cleaned is injected into a vertical, horizontal or
diagonal airflow where impurities are displaced
from sound grains. In a vertical pneumatic
cleaner, lightweight impurities are displaced
vertically upwards from the point of injection
while sound grains which are heavier are
displaced vertically downwards from the point
of injection.

Aerodynamic or pneumatic cleaning is
affected by factors such as physical and
aerodynamic properties of components of the

mixture (grain and impurities mixture) such
as angle of injection of the mixture into the air
stream, air velocity, moisture content, and angle
of injection of the air stream into the tunnel.
(Gorial and O'Callaghan, 1991). There is
therefore the need to investigate the interaction
of these factors as they affect cowpea-impurities
separation so as to determine the combination of
factors that produce optimum cleaning or
separation.

The effects of these factors on separation of
impurities in pneumatic systems have been
investigated by different researchers. Similowo,
2007 investigated the effect of tilt angle of air
blower on the cleaning efficiency of a prototype
pneumatic separator for cowpea. They
investigated tilt angles of 0 to 30° and concluded
that maximum cleaning efficiency was obtained
at 30 (1. Macmillan (1999) developed aangles of
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computer model to analyse the particle

separation that occurs when grain and chaff are

winnowed by being thrown or dropped in the
wind. Their model showed that for agiven throw

e
=Lg? - FC
y 5 sinf (2

velocity, increasing the air velocity increases the where y = horizontal component of particles
separation for all angles of throw. It also showed velocity, m/s

that for all combination of air and throw velocity
the maximum separation is achieved at an 0

y=vertical omponent of particles velocity, m/s
0 = duration of particle's motion measured from

angle of throw of about 140 Panasicwicz (1999) the horizontal degree

investigated the horizontal and vertical
displacements of lupine seed injectedinto a
diagonal airstream. The) came up with equations

m =mass of particle kg
g =accreditation dueto gravity m/s
f=dragforce.N

for determining the horizontal and vertical t=time off light

displacements.

Therefore, the objective of this work was to
determine the effectsof angle of injection and air
velocity on displacement of impurities from
cowpeainavertical pneumatic cleaner.

MATERIALS AND METHODS

Equations for predicting the horizontal and
vertical displacementsof cow peaand impurities
in a vertical pneumatic cleaner developed by
Aderinlewo (2011) were used to predict the
horizontal and vertical displacement of two
varieties of cowpea (Ife Brown and IT90K-277-
2) and impurities particles in a vertical
pneumatic cleaner. The equations state as
follows:

t2
m

T

X = coso

(1)

N

Vertical displacement above the point of
injection was taken as positive, while vertical
displacement below the point or injection was
taken asnegative.

The cleaning efficiencies at different angels
of injection and air velocities of the two varieties
of cowpea namely Ife Brown and IT90K — 277 -
2 were experimentally determined using a
vertical pneumatic cleaner developed at the
Department of Agricultural Engineering,
Federal University of Agriculture, Abeokuta.
The cleaning efficiencies obtained
experimentally were compared with the trends
predicted by displacement equations. The
physical and acrodynamic properties of the
cowpea varieties and impurities arc presented in
Tables1and 2.

Table 1.Physical and aerodynamic propertiesof cowpeavarieties

Source: Aderinlewo and Raji (2013)

able 2. Mass and terminal velocities of Impurities

Terminal Velocity

Impurity Mass(g) (ms)
Chaff-4cm 0.104 1.51
Chaff-8cm 0.147 2.23
Immature grain 0.113 3.49
Insect infected grain 0.150 2.96

Source: Aderinlewo and Raji (2013)
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RESULTS AND DISCUSSIONS

The vertical and horizontal
displacements of the cowpea varieties and the
impurities predicted by the model at the time of
0.5s and 1.0 are shown in Tables 4 to 6. The
predicted horizontal displacements of IT90K-
277-2 and Ife brown form point of injection at
0.5and 1.0s ranged from 0.14 to 0.25m and 0.56
to 0.99m, 0.06 to 0.10m and 0.22 to 0.40m
respectively for angles of injection of 15, 030, 45
and 60. Their predicted vertical displacements
from-0.98to0-1.16mand -3.93 to - 4.64m, -1.13
to -1.20m and -4.52 to -4.80 m respectively for
angles of injection of 15, 30, 45 and 60°.

The predicted horizontal displacements
of the impurities from the point of injection at
0.5s and 01.0s for angels of injection of 15 to 60
ranged from 1.11 to 19.50m and 4.45to0 78.02 m
for IT90OK-277- 2, 1.35 to 8.52 m and 5.40 to
34.09 m for Ife Brown respectively. The
predicted vertical displacements of the
impurities from the point of injection at 0.5s and
1.0s for angles of injection of 15 to 600 ranged
from -0.77to 18.03m and -3.08 to 72.12 m for
IT9OK-277-2,0.57t06.87 mand 2.27t027.49m
for Ife Brown respectively.

It was observed that the predicted
horizontal and vertical displacements of the four
varieties decreased with increase in angle of
injection increased, predicted horizontal
displacements increased. This showed that
impurities are further displaced from the grains
as the angle of injection increased. The
decreased in the predicted horizontal and
vertical displacements of the four varieties could
be due to the fact that as the angle of injection
increased the resistance drag force acting on the
grains also increased. Thus resistance to the
motion of the grains as they fall through the air
stream increased as the angle of injection
increased. This led to reduction in horizontal and
vertical displacements. For the impurities, the
increase in the resistance drag force led to
increase in their vertical motion since their
vertical motion is caused by the drag force. This
led to increase in their vertical displacements.
Furthermore, the horizontal displacements of the
cowpea Vvarieties are smaller than those of the
impurities. This implied that they fell closer to
the wall than the impurities.

Table 3. Horizontal and vertical displacements of IT90K-277-2 and impurities at injection
velocity of 0.5 m/sand air velocity of 6m/sat 0.5s

Horizontal displacements(m)

Vertical displacements(m)

Angle of injection(®) 15 30 45 60 15 30 45 60

IT90K-277-2 025 023 019 0.14 116 -1.09 -1.03 -0.98
Insect infected 246 159 134 111 -0.77 -031 0.11 0.70
Cheff-4cm 19.50 18.22 15.30 11.11 299 929 1407 18.03
Chaff-8cm 895 810 7.04 5.06 117 345 581 7.54

Table 4. Horizontal and vertical displacements of IT90K-277-2 and injections at injection

velocity of 0.5m/sand air velocity of 6m/sat 1.0s

Horizontal displacements(m)

Vertical displacements(m)

Angle of injection(®) 15 092 0.77
IT9OK-277-2 0.99 0.92 0.19
Insect infected 6.83 635 134
Cheff-4cm 78.02 9.29 15.30
Chaff-8cm 3581 3240 7.04

0.56 464 437 "4.13 73.93
0.56 -464 437 -413 -3.93
4.45 -3.08 -1.24 044 280

4447  37.16 16.00 56.29 72.12
2024  -469 -4.69 2324 30.15
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Table 5. Horizontal and vertical displacements of Ife Brown and impurities at injection

velocity of 0.2 m/sand air velocity of 4m/sat 0.5s

Horizontal displacements(m)

Vertical displacements(m)

Angle of injection(®) 15 30 45

IT9OK-277-2 0.10 0.09 0.08
Insect infected 2.46 2.28 1.89
Cheff-4cm 8.52 7.83 6.52
Chaff-8cm 390 358 2.14

60 15 30 45 60

0.06 -1.20 -1.17 -1.15 -1.13
1.35 057 099 066 1.11
4.68 106 329 529 6.87
2.48 -0.18 0.84 248 248

Table 6. Horizontal and vertical displacements

of Ife Brown and Impurities at injection

velocity of 0.2 m/s and air velocity of 4m/s at 1.0s

Horizontal displacements(m)

Vertical displacements(m)

Angle of injection (°) 15 30 45
IT90OK-277-2 0.40 0.37 0.31
Insect infected 984 914 755
Cheff-4cm 34.09 3131 26.08
Chaff-8cm 1561 14.32 8.55

60 15 30 45 60
0.22 -4.80 -469 -4.60 -4.52
5.40 -2.27 037 264 4.45
18.70 422 1317 21.17 27.49
8.55 -0.72 336 991 9091

The experimental cleaning efficiencies
obtained at different air velocities and angles of
injection are shown Tables 7 and 8. For IT90K-
277-2, at air velocity of 4 m/s the cleaning
efficiency increased from 28.2 to 60.9% for
angle of injection of 15 to 060. At air velocity of
6 m/s the cleaning efficiency increased from
63.7 to 75.6% and at air velocity of 8 m/s, the
cleaning efficiency increased from 76.8 to
88.2%. For Ife Brown, at air velocity of 4 m/s the
cleaning increased from 27.6 to 60.8% for angle
of Oinjection of 15 to 60. At air velocity of 6 m/s
the cleaning efficiency increased from 62.3 to
75.6% and at air velocity of 8 m/s, the cleaning
efficiency increased from 76.7 to 87.9%. The
increase in cleaning efficiencies with increase in
angle of injection at a particular air velocity
agrees with the prediction of the displacements
that the amount of impurities removed at a
particular air velocity increased as the angle of
injection increased.

Table 7. Experimental cleaning efficiencies
for IT90K-277-2

Air Velocity Injection Angle Experimental

IT90K-277:24 dearing Effc (%)
4 15 28.2
4 30 44.4
4 45 60.9
4 60 60.9
6 15 63.7
6 30 71.2
6 45 75.7
6 60 75.6
8 15 76.8
8 30 79.9
8 45 87.9
8 60 88.2
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Table 8. Experimental cleaning efficiencies
for Ife Brown

mszra Y DS v Bt
4 15 27.6
4 30 44.3
4 45 60.3
4 60 60.8
6 15 62.3
6 30 716
6 45 75.4
6 60 75.6
8 15 76.7
8 30 80.0
8 45 87.4
8 60 87.9
CONCLUSION

The predicted horizontal and vertical
displacements of the cowpea varieties decreased
with increased inangle of injection.

For the impurities, as the angle of
injection increased, the horizontal
displacements decreased but the vertical
displacements increased. This showed that
impurities are further displaced from the grains
asthe angle of injection increased.

The horizontal displacements of the
cowpea varieties are smaller than those of the
impurities. This implied that they fell closer to
the wall than the impurities.

The experimental cleaning efficiencies
obtained for the cowpea varieties increased as
the angle of injection increased. This is in
agreement with the prediction of the
displacement equations. Table 4.1: Total hours
of usage and accumulated repairs and
maintenance costs under the Private Ownership
Management System. Oluka SI & Nwani SI -
Models for Repair and Maintenance Costs for
Rice Mills
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