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Abstract: Drying seeds is done to avoid degradation due to high moisture they have to harvest and to be kept for a
longer time. It is necessary that the drying operation to be carefully planned and managed to ensure the optimum
drying temperature. This temperature depends on the subsequent destination of the dry product, so that the seeds
intended for sowing be not affected as germination capacity. This paper presents a synthesis on the drying process
of cereal seeds and technical plants using vertical dryers. This is a prerequisite for deepening the study of this type
of machines, both constructively and in terms of the characteristic working process, in order to optimize the
parameters.
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1. INTRODUCTION

Harvested crop products are used in important sectors of the economy. Thus, healthy grain seeds are used for
sowing and for human or animal consumption. Agricultural products account over 90% of the raw material
used in the food industry, where they are processed by various processes (Casandroiu. 1993).

Until their use for the population consumption, industrial processing or commercialisation, it is necessary to
ensure preserving and storage for a long time and without loss.

In this regard, we are talking about subjecting agricultural products to a primary processing process, aiming to
bring the product into a state characterized by a certain purity, humidity, temperature, etc.. in order to avoid its
deterioration and to preserve its nutritional qualities.

The primary processing of the various seeds is carried out in specialized units equipped with technological lines
in which the processes are mechanized and automated. Here, besides the operations in which the physical
condition of seeds such as aeration, drying or cooling, is changed, other types of seed methods such as sorting,
filtering, sedimentation, etc.. are also intended to degrade.

In the primary processing, the seeds mass pre-cleaning and cleaning obtained from the combine harvest, the
impurities contained (vegetal, mineral and / or weed seeds) are essential. These operations are necessary to
meet the requirements of national and / or European standards according to their destination (sowing,
consumption, industrial processing, storage. etc.) (Casandroiu, 1993, Voronov et al,, 1955).

Due to the fact that at harvest the agricultural products have higher moisture content than that required for a
long life, it is necessary to dry them. This is one of the oldest conservation methods, where,due to a heat and
mass transfer phenomenon, the water migrates from the interior of the product to the surface of the product,
from which it evaporates (Mohammed et al. 2010).

Pre-storage drying for further processing substantially reduces the risk of mass-storage disturbances of the
stored product and also allows for better storage management. The delay in performing this operation or
incomplete implementation generate significant qualitative and quantitative losses (Gummert et al. 2004). It is
recommended to dry seeds to the moisture limit that can guarantee good conservation. Thus, besides a high
germination power and cessation of the seed degradation process, it is ensured by microorganisms and insects
that act strongly when the humidity is high. Also, drying is required to ensure the moisture appropriate to the
mechanical conditioning operation for sowing, because seeds with high moisture content can be easily
damaged. (Olaniyan and Alabi, 2014).

The drying operation can be performed either naturally or artificially.

Natural drying can be accomplished by: solarisation (direct exposure to sunlight during the summer period and
rigidity of the seed lot to increase the evaporation area); active aeration (air is introduced under pressure into
the mass of stored products); handling with ventilation facilities (used for silos that are equipped with many
dehumidifiers); passing batches of products through "cold" drying installations - without fuel consumption
(through the column), using dry and warm air instead of the drying agent.

The sun-drying method is limited only to hot sun geographies and the dry atmosphere with strong winds,
which do not characterize all the regions producing cereals (Andritsos et al. 2003). Also, in a solar dryer, cereal
grains are often not protected from weathering (rain, storm, wind, dust) and insect pests, rodents etc., which
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can seriously affect their quality becoming even inedible. Artificial drying of cereal grains is a widespread
operation, being the safest way to dehydrate them, because with it greatly reduces losses and the quality of
the resulting product is significantly improved compared to solar drying (Balbine et al.. 2015).

This process also has important drawbacks because it is highly energy-intensive and may favour an increased
degree of damage to the grain by cracking or breakage, due to the large internal stresses induced during its
deployment. In order to eliminate these inconveniences, it is necessary to progressively dry the seeds by means
of complex plants in which the thermal regime is automatically controlled depending on the nature, the seed
moisture and the parameters of the drying agent.

Vertical and horizontal dryers with continuous or discontinuous operation based on convective dehydration
are used to dry seed crops.

Consistent with the current context regarding the reduction of energy consumption and environmental
protection, this paper presents a synthesis of the technology of dehydration of cereal seeds and technical plants
made in vertical dryers.

2. MATERIAL AND METHOD

The operating principle of tower dryers is generally based on heat recovery, especially that resulting from
cooling the seeds. Thus, this paper presents some of the most efficient vertical dryers used worldwide.

The GSI Group produces three types of continuous flow tower dryers (Figure 1). The supply of each type of dryer
is carried out through the upper part, the product reaching the reception room designed to reduce the impact
of the fall on the berries and to ensure their uniform distribution.

After they pass through the reception room, the cereals reach the heating hopper between the two cylindrical
walls, concentrically arranged. The high capacity of the hopper is an advantage as drying the product is slow,
at low temperature.

In the middle of the heating section is the inverter system which moves the warm beans located near the inner
wall of the hopper instead of the wet grains adjacent to the outside wall, thus ensuring uniform drying
irrespective of the distance between the grain column and the wall from the heating chamber.

After leaving the heating zone, the cereals reach the bottom of the dryer, where they are cooled by the
atmospheric air forced by the fans through the walls of the hopper. The same airflow is then reused to dry the
grain in the hopper, being already heated by the heat absorbed from the cereals in the cooling zone. For this
reason, the amount of fuel used by the burner is reduced to further heat it.

Depending on the size of the dryer, one to four fans are placed in line. They are mounted in the interior, designed to
operate at low speed. Thus, noise and energy consumption are low. Fan motors also have a long life.

The dryer uses a computerized Vision control system.

In order to be in line with the European standards on processed grain quality, GSI's dryer burners work with natural
gas or liquefied gas. In this way, the cereals are heated directly resulting in a high-quality product.

The dryer is equipped with walkways, ladders and protective grids made of high-strength materials, so that all
dryer areas can easily be accessed for inspection, cleaning and maintenance.

Figure 1 — Flow diagram of the GSI tower dryers [8]; 1 — feeding area; 2 — reception room; 3 — cereal level monitoring
device; 4 bunker for heating; 5 - air flow that crosses the grain column; 6 — grain inverters; 7 — stainless steel panels; 8 -
separator funnel; 9 —cooling zone; 10 — download area; 11 — Vision system; 12 — humidity control sensor.

The SG Feerum Dryer (Figure 2) is an equipment designed and manufactured in Poland by Feerum S.A,, which
allows the work in drying mode from feed to seed grain as well as fine-grained oilseeds. Feerum dryers are
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designed to maintain a stable strong work throughout the drying period. Their capacity is from 19 to 30 tons.
As fuel sources for dryer can be used natural gas, liquid gas or diesel fuel.
The SG Feerum dryer is equipped with: centrifugal fans with dust collector; capacity to dry, which increases the

capacity of the dryer by 25%; service platform for the air
fans; the heat source as an integral part of the main air
channel dryers; adjustment of air feed capacity can be
changed depending on the grain type; device for real
time control over grain moisture throughout the drying
and cooling processes; real time air temperature
monitoring and touch screen with PLC for full process
control in local languages.

The Portuguese company Entriger made the Agi-Entriger
Dryer (Figure 3) to achieve the grain drying, which works
continuously or intermittently. In this system, the drying
takes place by contacting the beans with the hot air
during the passage through the drying tower located in
the centre of the dryer and containing the cereals. Hot air
is released in at least four points in each of the
overlapping pipes. Perforated pipe columns thus allow, in

Figure 2 - Flow diagram of SG Feerum Dryer [9]

addition to heat exchange with higher yield, better circulation and air contact with grains, which results in an
effective level of moisture loss of the product and guarantees better quality of the product.

Figure 3 — Flow diagram of Agi-Entriger Dryer [10.11]

ltalian company "Macmar" manufactured
three models of tower dryers. In Figure 4 is
shown the Tower Dryer of the RG series.
The drying process is divided into 4
stages corresponding to a single
operating configuration of the machine:
loading, drying, cooling and discharge.
The products enter still wet and after
going through the machine from the
top to the bottom, they are dried and
cooled. The recovered heat from the
grain  during the cooling phase

Figure 4 —RG Drying tower [12]

significantly reduces fuel consumption. The cereals are subjected to a progressive decrease of the
temperature, so that the grain does not receive any damage by sudden temperature changes, thus
arriving in the discharge zone perfectly cleaned and cooled at room temperature. After this process the
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dried product it can be stored without any problem and
in absolute safety. The Eco Master dryer (Figure5) made by
the Cimbria group in Austria is used for drying cereals and
other granular products. It has a modular design that
increases the size of the unit, if the drying requirements
increase later.

The dryer is designed for industrial use and the drying and
cooling sections are therefore built in 2 mm galvanized
plates with inclined and conical air ducts to ensure high
durability and homogeneous air and grain distribution - a
pre-requisite for maintaining product quality without
undesirable energy loss.

Cimbria drying sections (Figure 6a) are build from triangular
air ducts mounted between two walls. The ducts are alternately tapered against both walls and open in the tail
end. The alternate ducts are respectively connected to the hot air and the exhaust chamber, through which the
air is distributed in the drying column. In addition the ducts are displaced in relation to each other. Thus, each
hot air duct is surrounded by 4 exhaust ducts and reverses with the exhaust ducts. The cereal moves slowly
down between the hot air and exhaust ducts and is ventilated from different directions.

The mutual stream between the cereal and the
air ensures that the product is exposed to a

changing airflow. This alternating exposure to /'t\

hot- and cold air ensures a gentle treatment
and a homogenous drying of the grain and the /\} \(A Q\
speed of the cereal flow through the column is \_/ \‘

controlled by the discharge.
The Cimbria drying column is suitable for both f

Figure 5 — The Eco Master Dryer [13]

'\
drying and cooling purposes (Figure 6 b). The
Cimbria dryer enables a varying cooling zone a. b.
that makes it possible to configure the dryer to Figure 6 — Principle sketch from Eco Master Dryer [13]: a. Air

the exact drying and working conditions at all Streams; b. Cooling Shutter

times. This zone is regulated with a shutter placed in the bottom part of the hot air duct.
By using air and energy in the best way possible, the costs are reduced and the capacity is optimized. The Dry
line (Figure 7) manufactured by the Swiss group Buhler operates in continuous flow and is used in reception,
storage and manufacturing facilities.
The ambient air is sucked in by the main fan and
heated by a hot air generator. Heat can be
produced from conventional sources (oil, gas)
L as well as from alternative energy sources
oo ] (biomass). The positioning of the main fan on
' the suction side produces negative pressure
inside the dryer and transports the air from the
hot air generator through the drying column
and the downstream de-dusting before it is
discharged through the rain flap. After hot air
Figure 7 - The Eco Dry Dryer [14] drying in the upper section of the drying
column, the product is cooled in the lower section of the column. To increase the energy efficiency of the
system, the hot air and cooling air heated by the cooled product is reused, adding to the hot air given by the
generator to ensure high durability and homogeneous air and grain distribution - and pre-requisite for
maintaining product quality without undesirable energy loss.
The drying column of this dryer line, Eco Dry has a special and patented feature, namely conical piping arranged
diagonally. The pipes are V-shaped and open at the bottom. The air comes from the heat source by opening
the pipes (red) to the product and escaping through the exhaust ducts (blue). Thus, the product is heated and
releases moisture into the warm air, which absorbs and cools through evaporation.
The conical shape of the pipes allows for more capacity columns and a uniform air distribution in the dryer and
also prevents unintentional product discharge through the channels.
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The diagonal layout of the pipes makes the product alternate from hot to cold, which leads to increased energy
efficiency and reduced thermal stress on the product by almost 50%. Separation of the product flow ensures
easy handling of the product, the drying process being extremely mild. This dryer can be combined with an
Eco Cool dry cooler, contributing to a significant reduction in operating costs.
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Figure 8 — Scheme of drying column of Eco Dry dryers [14]: a. airflow through conical pipes; b. Layout of pipelines

3. RESULTS

Technical and functional characteristics of dryer's type manufactured of Feerum are the only ones presented
below in table 1, because producing / manufacturing companies give little technical details about their

equipments.

Table 1. Technical and functional characteristics of SG and DG Feerum Dryers [9]

Type/Continuous operation SG Dryers

Corn — efficiency for

drying from 30% to 14.5% grain humidity

Filling volume — grain t 13 19 21.8 29.5
Drying sections pc. 0-6 7/8 9/10 12/13
Cooling sections pc. 6-0 3/2 3/2 4/3
Heat power kW 500 1100/1200 1400/1500 1750/1920
Dryer airflow m’/h 27000 4400 53000 71000
Installed max. electrical power - fans kW 138 ~22.0 ~26.6 ~40.5
Installed max. electrical power — cycle-ventilators kW - - - -
Device height m 8.8 11.25 12.5 15.64
No. of buffer sections pc. 2 2 2 3
Buffer volume t 43 44 44 6.3
Grain column volume t 8.7 14.5 174 23.2
LPG gas consumption 1/t/% 2.25 222 222 222
Natural gas consumption m/t/% ~1.9 ~1.9 ~1.9 ~1.9
Qil consumption 1/t/% 1.5-2.0 1.5-2.0 1.5-2.0 1.5-2.0

m 149% to 7% grain humidity

Ambient air temperature °C 5 5 5 5
Drying air temperature °C 80-110-130 100-130 100-130 100-130
Relative humidity of outside air % 85 85 85 85
Efficiency for moist grain t/h 217 33 56 7
Efficiency for moist grain t/da 52 80 135 168

Ambient air temperature °C 15 15 15 15
Drying air temperature °C 90 90 90 90
Relative humidity of outside air % 65 65 65 65
Efficiency for moist grain t/h 3.25 43 73 9.1
Efficiency for moist grain t/da 78 104 175.5 2184

Ambient air temperature °C 15 15 15 15
Drying air temperature °C 100 100 100 100
Relative humidity of outside air % 65 65 65 65
Efficiency for moist grain t/h 43 10 16.8 21
Efficiency for moist grain t/day 104 240 405 504

4. CONCLUSIONS

In the vertical drying columns, the seeds move from top to bottom through the space between the walls, drying
more intensely at the top of the dryer compared to the bottom. Although a significant amount of energy is

being recovered, consumption remains high because dryers have high capacities.
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It is still necessary to optimize the performance of these systems in order to obtain dried seeds of superior
quality with unimpaired germination capacity to reduce the energy consumption for the drying process, to
reduce the drying time, to reduce the construction costs of a dryer, to reduce the length of the drying column
or the size of the dryer, so that the process is carried out as evenly as possible.
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