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ABSTRACT
In the cleaning process, different relative velocities of the grains through the air stream are utilized.

The purpose of this study is to determine parameters such as fan angle, material feed rate and air velocity
which will ensure separation of corn. Cleaning efficiency increased with increasing fan angle and air velocity
and decreased with increasing feed rate. Loss rate increased with increasing fan angle and air velocity, and
decreased with increasing feed rate.

It can be said that the most appropriate combination (89.79% cleaning efficiency and 0.24% loss rate)
was the application at 30° fan angle, 1152 kgh™ feed rate and 15 ms™ air velocity.

OZET

Aerodinamik temizlemede, hava akimi icinde tanelerin farkli bagil hizlarindan yararlanilir. Bu
gcalismada, misirin temizlenmesini saglayacak; fan agisi, materyal besleme orani ve hava hizi gibi
parametreleri belirlemektir. Temizleme etkinligi, fan acisi ve hava hizi arttikga artmakta, besleme orani
arttikca azalmaktadir. Fan acgisi ve hava hizi arttikca kayip orani artmakta, besleme orani arttikca kayip
orani azalmaktadir.

En uygun kombinasyonun (%89.79 temizlemeetkinligive %0.24 kayiporani) 30° fan agisinda, 1152
kgh"l besleme oraninda ve 15 ms™ hava hizindaki uygulama oldugu sotylenebilir.

INTRODUCTION

A great majority of food needs are met from the grains. In the world, corn is in the third place after the
wheat and paddy in terms of production areas, and the first in the production amount (URL-1). In Turkey,
according to the data of 2014, it is in the 3" place in the production of cereals, in terms of production area
and amount of production (URL-2).

Corn usage areas increase day by day. In addition to this, it is more important than other grains for
reasons such as being easy to grow and drought-tolerant, effective photosynthesis even at low CO, ratios,
being more resistant to diseases and damages, having high ability to use light intensity and high water use
efficiency.

Even if the most modern harvesting machines are used, grain products cannot be assessed
immediately as they are obtained (Tekin Y., 1995).Agricultural products need a sequence of processes such
as cleaning, classification, drying, storage, etc. in order to make them available. These processes preserve
the nutritional and commercial value of the product (Yagcioglu A K, 2009). Cleaning is separation of the
straw, mud, stone, soil, foreign seed etc. material in the product from the original product. Cleaning and
classification of granular products can be performed according to different physico-mechanical properties.
These are geometric properties, aerodynamic properties, surface structure, mechanical properties, specific
gravity, electrical and optical properties.

According to the aerodynamic characteristics, different relative velocities of the grains are utilized in
the airflow during cleaning (Berber S, 2007). Air velocity that can suspend grain in the air is called critical
speed. If the critical speeds of each material forming any mixture are sufficiently different from each other,
these materials can be separated from each other (Yagcioglu A K, 2009).If there is a big difference between
the critical speeds, it increases the success of the separation process (Pasikatanand Quick, 1995;
Tabatabaeefar et al., 2003).
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Air flow separators or pneumatic cleaners are used to clean products from foreign materials by means
of air flow.In the pneumatic cleaning process, the flow direction of the air can be horizontally between 0°-
90°.In pneumatic cleaners where the air flow is in the vertical direction (90°), the suspension of main
materials within the air flow is made use of. Pneumatic cleaners where the air flow is in the horizontal
direction (0°) make use of materials that enter the air in the direction perpendicular to the flow and of their
being dragged away by drawing different orbits horizontally.

Pneumatic cleaners consist essentially of air canal and air flow generators (fans). These cleaners
operate according to the principle of absorption or pressurization of air to air canal. The air velocities in each
section taken along the length and width of the air channel are wanted equal to each other, in order to
ensure high separation efficiency and low seed loss during cleaning (Evcim U, 1991; Yagcioglu A K, 1996).

In Adewumi’s (2008) study, horizontal air tunnel was used to classify cowpea, according to size and
density in terms of aerodynamic principles. The results showed that 12 ms™ air velocity and 22.5° fan angle
were most appropriate.

Simonyan and Yiljep (2008) used the cleaning unit of traditional thresher to determine the separation
and clean up efficiency values of sorghum. Cleaning losses increased with increasing feed rate and air
velocity. The highest separation efficiency was found as 99.85%. Air velocity raise increased with the loss
rate and up to 54% lost product was observed in different feed amount.

Rouzegar et al. (2013) used a horizontal air tunnel to determine the effect of humidity, air velocity and
feed rate on rice separation efficiency. They achieved the highest separation efficiency at 850 rpm fan
speed. Separation efficiency increased with rising humidity and feed ratio. Compared to a mechanical
system, they reported that this machine, operating according to pneumatic principles, is economical because
of its high separation efficiency, low loss rate and low power consumption. Beyhanve Erol (1993) has made
a study to determine the aerodynamic characteristics of some hazelnut varieties of grains and hazelnuts. In
the study, they found that the critical rates of grain and hazelnuts varied between 7-14 m's ™

The purpose of this study, is to determine design parameters such as fan angle, material feed rate, air
velocity and air tunnel length to provide separation of corn mixture consisting of grain and cob parts.

MATERIAL AND METHODS

An experimental mechanism has been prepared in which air velocity, fan angle and feed rate can be
adjusted (Fig. 1). Mechanism consists of the fan, the product storage, the feeding unit, the air canal and
collection boxes.

Fig. 1- Experimental mechanism
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Fan characteristics used to obtain airflow are given in Table 1.

Table 1
Fan characteristics
Number of wings (number) 8
Air outlet section (mm) 190x70
Internal diameter of fan (mm) 150
External diameter of fan (mm) 400
Width (mm) 200
Rotation(min™) 1100-1300-1500-1750-1950
Flow (m’s™) 0.1995-0.2394-0.2793-0.3192-0.3591

The power of the electric motors acting on the fan and the supply units are 0.75 kW and 3 kW,
respectively. The experimental mechanism is used for uniform material flow. The length of the air tunnel is
800 mm. Two different product collection boxes of 400 and 800 mm from storage outlet section were used.

Experiments were conducted with zea mays indentata sturt corn grains and their cobs. The sizes of
corn cobs are reduced by crushing in the hammer mill. During the course of the experiment, the grain
moisture varied between 15-16%. A mixture of 8 kg was prepared. It was arranged so as to include 85%
corn and 15% stubble. The amount of this mixture was kept constant throughout all experiments.

Feed rates of 240, 576, 822, 1152 and 1600 kgh'lwere created by changing the sections of the
storage outlet. Experiments used air velocities of 15, 18, 21, 24 and 27ms™.These air velocities were
obtained with the frequency converter shown in figure 2.2, by varying the revolutions per minute of the
electric motor which drives the fan. Anemometer was used to measure air velocities.

The position of the fan with the test mechanism can be adjusted to make horizontal angles of 15°, 30°
and 45°.The mixture of corn and cob, which falls into the air canal from storage and encounters the air flow
provided by the fan, falls into the product collection boxes at different distances. The grains and cobs
collected in these boxes were separately weighed with a precision scale.

The product cleaning efficiency and loss ratio of grain-cob quantities obtained as a result of the
weighing were determined using the following equations (SimonyanandYiljep, 2008).

Cleaning efficiency:

CE = (G—") %100 8
G1
Where:
CE- the cleaning efficiency (%)
Go - grain weight at outlet (kg)
G1 -total mixture weight at outlet(kg)
Loss ratio:
Gi
LR = o 100 2)
Where:

LR - Rate of grain loss in cleaning units (%)
Gi - Weight of grain thrown out of the air tunnel (kg)
Gw - Grain weight in the mixture filled in the feeding unit (kg)

For each application of 5 different feed rates, 5 different air speeds and 3 different fan angles were
made with four repetitions. To determine the effect of these factors, the obtained data were analysed
according to the 3-factorial design in randomized blocks in the JUMP 5.0.1 statistical program. The results
were compared with the LSD test.

RESULTS

According to the analysis of variance, interactions of the fan angle, feed rate and air velocity were
found to be significant for clearing efficiency (CE) and loss ratio (LR) (p <0.01). CE for the first collection box
varied between 85-100%, LR varied between 0.24-93.01%.
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The CE and LR variations at 45°, 30° and 15° fan angles are given in Fig. 2.At 45° fan angle, CE
values varied between 99.65-89.58% and LR values varied between 92.42-3.21%.The highest CE value
(99.65%) was detected at the feed rate of 576 kgh™ and at the air velocity of 21 ms™ while the lowest LR
value (15.2%) was detected at the feed rate of 1152 kgh™and the air velocity of 15ms™.

At 30° fan angle, CE values varied between 99.16-87.17% and LR values varied between 50.70-
0.24%. The highest CE value (99.16%) was detected at the feed rate of 822 kgh'land the air velocity of 27
ms™, while the lowest LR value(0.24%) was detected at the feed rate of 1152 kgh'land the air velocity of 15
ms™.

At 15° fan angle, CE values varied between 95.86-85.06%and LR values varied between18.73-0.39%.
The highest CE value (95.87%)was detected at the feed rate of 576 kgh'land the air velocity of 27 ms™, while
the lowest LR value(0.39%) was detected at the feed rate of 240 kgh™and the air velocity of 15 ms™.

In previous studies, cleaning efficacy values were determined as 42-80% for corn (Hurburgh et al.,
1989) 80%, 94%, 98% for oat, wheat and rye respectively (Uhl and Lamp, 1966), 93% for Chickpea
(Tabatabaeefar et al., 2003), 99.85% for sorghum (Simonyan, Yiljep, 2008),87.2% for the yellow bitter variety

(Amulet lupine) (Panasiewicz et al., 2011).

LR (%)

(%)
LR (%)

CE

CE (%)
LR (%)

Fig. 2 - The first collecting box, CE and LR variation at 45°, 30° and 15° fan angles
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CE for the second collection box varied between 85-100%, LR varied between 0.13-70%.

Fig.3 shows the change of CE and LR at 45°, 30° and 15° fan angles according to the feed rate and
air velocity.

At 45° fan angle, CE values varied between 98.73-86.45% and LR values varied between69.17-
1.85%. The highest CE value (98.74%) was detected at the feed rate of 576 kgh'l and the air velocity of 21
ms™, while the lowest LR value (1.85%) was detected at the feed rate of 1152 kgh'l and the air velocity of 15
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Fig. 3 - The second collecting box, CE and LR variation at 45°, 30° and 15° fan angles
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At 30° fan angle, CE values varied between 97.58-85.01% and LR values varied between24.50-
0.13%. The highest CE value (98.59%) was detected at the feed rate of 576 kgh™and the air velocity of 27
ms™, while the lowest LR value (0.13%) was detected at the feed rate of 1152 kgh™and the air velocity of 15
ms™.

At 15° fan angle, CE values varied between 92.21-85.00 % and LR values varied between 7.22-
0.15%. The highest CE value (92.21%) was detected at the feed rate of 576 kgh'land the air velocity of 27
ms™, while the lowest LR value (0.15%) was detected at the feed rate of 24 kgh'land the air velocity of 15
ms™.

CE values in the first box were higher than in the second box, while LR values were lower. For the first
collecting box, the highest CE value (99.65%) was seen at45° fan angle, 576 kgh™ feed rate and 21 ms™ air
velocity while the lowest CE value (85.07%) was observed at 15° of fan angle, 1152 kgh™ of feed rate and 15
msof air velocity.

For the second collecting box, the highest CE value (98.74%) was seen at 45° fan angle, 576 kgh'1
feed rate and 27 ms™ air velocity while the lowest CE value (85.01%) was observed at 15° of fan angle,
240and 576 kgh™of feed rate and 15 ms™ of air velocity.

For the first collecting box, the highest LR value (93.01%) was seen at 45° fan angle, 1600 kgh™ feed
rate and 27 ms™ air velocity while the lowest LR value (0.24%) was observed at 30° of fan angle, 1152 kgh™
of feed rate and 15 ms™ of air velocity.

For the second collecting box, the highest LR value (69.17%) was seen at 45° fan angle, 1600 kgh™
feed rate and 27 ms™ air velocity while the lowest LR value (0.13%) was observed at 30° of fan angle, 1152
kgh'1 of feed rate and 15 ms™ of air velocity. Cleaned products reduce product loss due to the increased air
tunnel length from the feed outlet side.

Sorghum has been found to have product loss up to 54% (Simonyan and Yiljep, 2008). Uhland Lamp
(1966) stated that it is not possible to clean corn without loss of grain.

CONCLUSIONS

In the study for corn cleaning in the horizontal air tunnel, CE and LR values varied depending on the
length of the air tunnel, air speed, feed rate and fan angle. The highest CE (99.65%) was determined at45°
fan angle, 576 kgh™'feed rate and 21 ms™ air velocity in the first collection box. The least LR (0.13%) was
determined at 30° fan angle, 1152 kgh"l feed rate and 15 ms™ air velocity in the second collection box.

The applications below 1% of LR in the first collection box, in which CE is high, are given in Table 2.

Best applicationsinthe first box according to cleaning efficiency and loss rate Teble
CE (%) LR (%) Fan angle (°) Feed rate (kgh™) | Air velocity (ms™)
89.79465 0.24173 30 1152 15
86.33599 0.53313 15 240 18
86.23009 0.59268 15 576 18
85.86218 0.89735 15 1152 18
85.84654 0.98743 15 822 18
85.39345 0.82482 15 1600 15
85.26317 0.39235 15 240 15
85.23333 0.58316 15 822 15
85.23089 0.49364 15 576 15
85.06529 0.58882 15 1152 15

As it can be seen in Table 2, we can say that the best application were at the fan angle of 30°, feed
rate of 1152 kgh™ and air velocity of 15 ms™ (89.79% CE and 0.24% LR).
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As a result of the study findings evaluation, we can list the suggestions as follows:

15-21 msair velocity was found suitable for separation of corn-cob mixture in the horizontal air
tunnel. LR increases at higher speeds.

CE values are higher at 45° fan angle because the air entering the air canal at a more vertical angle
causes the product to be cleaned more effectively. However, LR values were found to be high at this
angle.

There are differences between collection boxes in terms of CE and LR. While CE increases in the
first box, LR decreases in the second box. If the product evaluated as loss can be returned to the
storage, the first box (40 cm) should be preferred because of higher CE.
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