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Abstract

The materials of the article analyze the problems and methods of drying grain in modern grain dryers. In recent years, the
mixed-flow dryer has been the subject of many studies on drying efficiency, dryer control and productivity improvement. However,
there is still a significant need for optimization in terms of energy efficiency and drying uniformity. In order to analyze the specific
energy consumption and drying uniformity of the technological process, various thermodynamic conditions of the process were in-
vestigated, design solutions were investigated using numerical and experimental methods. Based on the results obtained and the
aerodynamic analysis of air flows, the design of a new generation TORNUM REX series grain dryer was developed. Pressure losses,
drying agent flow distribution and temperature distribution in the hot air chamber in a continuous grain dryer with mixed flow were
investigated using CFD (Computational Fluid Dynamics). The flow in the dryer was considered as steady, laminar and turbulent. It
is important that the grain is dried evenly, since uneven drying can lead to spoilage of the final product during storage. The graphic
practical materials of the article provide the design of TORNUM REX shaft grain dryers, a general view of the movement of air flows
in the REX series grain dryer, diagrams of air flow speeds in the grain shaft, a diagram of the distribution of air flows in the temper-
ature spectrum in the REX series grain dryer, a diagram of the formation of the drying agent during mixing with recuperation air in
the REX series grain dryer. It was found that different temperature distributions in the output sections can lead to improper drying or
damage to the final product, which influenced the change in the design of the dryer. To reduce pressure loss and increase the uni-
formity of the flow entering the subchamber of the linear gas burner, a new design of the air mixing section and guide vanes in dif-
ferent designs of hot air chambers is proposed. This approach to modeling using CFD can be applied to new technological process-
es, as well as to evaluate and optimize already established conventional systems.
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Introduction

Usually, grain is harvested with a moisture con-
tent of 18-25% [1]. Therefore, post-harvest treatment in
the form of drying is necessary to reduce the moisture
content to 14%, as this ensures safe storage of grain.
Typically, the amount of energy used to remove water by
evaporation from the grain during drying exceeds 4.5
MJ/kg, while the amount of energy required to evaporate
free water is only 2.3 MJ/kg, making the grain drying
process energy-intensive [2]. Therefore, it is important to
ensure that the drying process is as efficient as possible,
while grain damage must be minimized.

In the current generation of continuous flow
dryers, there has been an improper mixing of air currents
in the hot air chamber. This causes significant fluctua-
tions in temperature and flow distribution as air enters
the grain drying column. Giner et.al. [3] A comprehen-
sive mixed-flow grain drying model was developed that
took into account two-dimensional air and grain flow
patterns around the inlet and outlet ducts in the drying
column. As a result, it was found that heating and drying
of grain occur more intensively in the immediate vicinity
of the air ducts located in the grain column. Thus, it is
important to obtain an even temperature distribution to
avoid overdrying of the grain near the air ducts.

Therefore, the design of the hot air chamber is
desirable, which can ensure an even distribution of tem-
perature in the grain column. Several studies have been
conducted on airflow and temperature distribution in
smaller drying systems, such as batch and chamber dry-
ers [4, 5].
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Materials and methods

In the work, methods of mathematical model-
ing of the geometry of the grain dryer were used. A mul-
tipurpose calculation methodology has been formed,
namely the area of solution, the method of the determin-
ing equation in which the fluid flow in this study is air in
a stationary, compressed in a three-dimensional turbulent
flow. The numerical calculation of the flow can be con-
sidered as mathematical formulations of the laws of con-
servation of fluid mechanics. Applying the laws of con-
servation of mass, momentum and energy, the basic
equations of fluid dynamics; Navier—Stokes equation of
mass and momentum [6]. To analyze the type of air flow,
the method of modeling air turbulence was used [7], be-
cause the risk of turbulent air flows in the hot air cham-
ber of the grain dryer is increased, which negatively af-
fects the correct distribution of the drying agent in the
volume and supply to the air ducts of the grain shaft of
the grain dryer. To analyze the temperature front of air
distribution, the formed expressions were solved numeri-
cally using the computer code ANSYS Fluent ver. 17.2.
The accuracy of the numerical solution depends on how
well the discrete equations reflect the initial partial dif-
ferential of the equation. ANSY'S Fluent applies the finite
volume method to discretize partial differential equations
and uses a non-checkerboard approach where variable
values are calculated at the center of the cells [8]. To
assess the consumption of thermal energy, drying uni-
formity and thermodynamic conditions of grain drying, a
number of studies of the design of dryers were carried
out using digital and experimental methods. A mathemat-
ical model based on CFD (Computational Fluid Dynam-
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ics) was developed, using the ANSYS® ICEM software
product. [8]. The object of the study is the TORNUM
REX grain dryer. The subject of the study was the pro-
cess of drying grain.

Literary review and formulation of the problem

Design of continuous mixed flow grain dryers
TORNUM REX

Engineering thought in the field of grain drying
is constantly and dynamically moving forward. Recently,
continuous dryers with mixed air flow have been highly
rated for the most up-to-date performance and quality
worldwide.

The secret of their popularity lies in the fact that
the developed design of the grain column with special
geometry allows the drying agent to penetrate through
the grain layer evenly in different directions. This design
allows you to achieve a uniform final grain moisture con-
tent with significant fuel savings, compared to grain dry-
ers of other types.

The painstaking work of the development of
grain dryers has led to significant results in improving
the concept, which adds important new features that offer
softer and more efficient drying, easier cleaning, lower
energy consumption and excellent environmental per-
formance. The next step in the development of grain dry-
ing technologies is the conceptually new grain dryer of
the REX series (Fig. 1). It combines all the best created
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The grain dryers of the REX series embody a
new concept of dryers - an improved design, the presence
of new functions that provide softer and more efficient
drying, ease of cleaning, less energy consumption and
minimal emissions into the environment.

Today, continuous shaft dryers with mixed air
flow are in the greatest demand. The secret of their popu-
larity lies in the fact that the developed design of the
grain column with special geometry allows the drying
agent to penetrate through the grain layer evenly in dif-
ferent directions. This design makes it possible to
achieve a uniform final grain moisture content with sig-
nificant fuel savings, compared to other types of grain
dryers. Such equipment allows you to effectively dry
grain in any weather conditions.

An urgent issue in the operation of any grain
dryer is energy consumption. Here it is important not
only the problem of economic consumption of energy
carriers, i.e. the consumption of a certain amount of them
in order to reduce the moisture content of grain by 1 ton-
percent, but also what type of fuel to use as an energy
carrier.

The new generation grain dryers of the REX se-
ries are distinguished by the fact that they are adapted
from the beginning to work with several different heat
sources to choose from. REX series dryers are designed
to work with each grain crop and are adapted for various
energy carriers (natural gas, propane-butane, diesel fuel,
biomass, etc.). In particular, wood chips or pellets (pel-
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Fig. 1. General view of air flows in the REX series grain dryer
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lets), which are a neutral source of carbon dioxide, can be
used as biofuel in these machines. For those enterprises
where there is hot water or steam, a heat exchanger for
this heat source will be optimal. The equipment also min-
imizes grain dust emissions into the atmosphere. Addi-
tional functions are also provided to ensure higher effi-
ciency of grain drying.

Results of the study and their discussion

The dryers of the new REX series are the best
solution for farms that are geographically located in
regions with a cold climate. It uses the technology of
economical drying of grain with preheating to avoid
cracking, especially on corn. In the upper zone of the
dryers there is a grain preheating chamber, passing
through which improves drying and saves heat con-
sumption in the main working area of the machine. Out-
side, the dryer is sheathed with sandwich panels with
polyurethane (it has advantages over mineral wool),
which perform the functions of thermal insulation, so it
is possible to avoid heat loss. It also prevents condensa-
tion from forming on the inner walls of the equipment.
The smooth, non-corrugated design of the inner walls
does not allow dirt to accumulate on them, and this
simplifies the maintenance of the dryer, because there is
no need to clean them regularly.

The passage of grain through the preheating
chamber improves drying and saves heat consumption in
the main working area. The heat recovery function (re-
return of already heated air to work from the grain drying
and cooling zone after drying) allows you to save enough
thermal energy, and this reduces energy costs. More than
20% of the heat that is simply dissipated in a traditional
grain dryer is returned to the system here.

One of the most important design tasks is the
calculation of the differential pressure and air distribution
in the hot and cold air chambers, as well as in the air duct
systems of the grain column. This means that it is neces-
sary to ensure an even distribution of the air flow over
the entire width of the grain shaft of the dryer. This is
especially true for high-performance dryers with a grain
shaft width of 8, 9, 12 meters.

The use of the software product significantly
improves the quality of system engineering, which leads
to optimal, more efficient and reliable solutions in the
design of grain drying equipment. For the user, this

Fig. 2. Diagram of the velocity of air flows in a
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means that he receives a high-quality energy-efficient
dryer that provides the declared drying performance, has
low energy consumption, is safe and easy to use.

The principle of operation of this design is as
follows: hot humid air from the dryer passes through the
recirculation zone, and then mixes with heated air for
cooling, Fig.1. After recirculation, it has a higher temper-
ature (compared to using only fresh air), so it is possible
to reduce the supply of energy to the gas burner. The
exhaust fans at the top of the dryer also require less ener-
ay.

The built-in cyclone dust collector minimizes
dust emissions, making it easier to comply with envi-
ronmental regulations. In addition, upward-pointing axial
fans reduce operating noise.

In recent years, the mixed-flow continuous grain
dryer has been investigated many times by TORNUM
engineers for drying efficiency, process control and
productivity improvement. Also, considerable attention
was paid to the optimization of the design in terms of
energy efficiency and uniformity of drying of different
grain crops.

In order to analyze the thermal energy consump-
tion and drying uniformity, as well as the different ther-
modynamic conditions of this process, a number of de-
sign studies were carried out using digital and experi-
mental methods. A mathematical model based on CFDs
was developed, using the ANSYS® ICEM software
product. [8]. The resulting model was used to calculate
the distribution of air flow in the dryer when determining
the geometry of the shaft air duct, hot and cold air cham-
bers, Fig.2. The pressure drop in the grain volume and
the distribution of airflow were simulated using mass,
energy and pulse balance, taking into account the charac-
teristics of the material layer, grain column geometry and
drying kinetics. Using the ANSYS® CFX software, the
airflow distribution was analyzed.

The main goal is to ensure uniform distribution
of the drying agent in the grain layer to supply energy
and take moisture from the grain surface, Fig.2. When
designing the correct geometry of the box, namely the
opening angle, the angle of change of geometry along the
length, allows you to obtain the maximum effect of ener-
gy efficiency, the maximum percentage of saturation of
the drying agent with moisture.
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Fig. 3. Diagram of the velocity of air flows in a grain column
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Fig. 5. Diagram of the formation of a drying agent when mixed with recovery air in the REX series grain dryer
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When studying the longitudinal section of the
grain dryer box for the value of the agent's velocity, val-
ues were obtained regarding the maximum speeds of
entry and exit of the drying agent into the grain column.
So from the diagram it can be noted that the speed is in
the range of 1.5 -3 m/s ( Fig.3).

Accordingly, hot air passes through a thin layer
of grain, which ensures uniform drying of the grain.
When organizing the drying process of different crops,
accordingly, there is a need to provide a different amount
of air per 1 m3 of product, therefore, to implement this
task, frequency control devices for the main fans of the
grain dryer are used. At the same time, the level of rota-
tion of the axial fans of the grain dryer is established by
the calculated and practical method in accordance with
the type of crops. The differential distribution of the
amount of drying agent along the height of the grain shaft
also plays a fundamental role in relation to the energy
efficiency of the grain drying process, Fig.4

For example, corn grain, by its physical and
chemical properties, is most sensitive to rapid heating,
respectively, during drying at temperatures above
+105°C, the greatest risk is temperature damage, during
which there is darkening of the germ, damage to the out-
er shell, accompanied by grain quality, weight, and the
percentage of combat during its transportation after dry-
ing. Under these conditions, a number of calculations and
simulations were carried out during the creation of a se-
ries of REX grain dryers. The geometry of the air cham-
bers of REX grain dryers allows the most correct distri-
bution of air flows inside the equipment, creating directly
favorable drying conditions, Fig.5

From the diagram, one can also note a very good
mixing of air flows from the heat recovery zone and the
main heated flow. The coldest air is in the middle of the

dryer, the warmest is at the beginning and end of the dry-
ing zone.

Such studies make it possible to develop a per-
fect geometry of the structure, as well as to evaluate and
optimize existing models of grain dryers from the point
of view of the technological process. Based on the results
obtained and the aerodynamic analysis of air flows, a
new generation of the TORNUM grain dryer of the REX
series was developed, which was presented to the world
market at the specialized exhibition Agritechnica 2019 in
Germany.

Conclusion

The CFD (Computational Fluid Dynamics)
model was developed to investigate the airflow in the hot
air chamber of a newly designed mixed-flow continuous
grain dryer. The main objective of the study was to simu-
late airflow and improve the mixing of recuperation and
heated ambient air flows.

Given that different temperature distributions in
the output sections can lead to improper drying or dam-
age to the final product, various design changes have
been analyzed to improve these parameters. The new
design of the air mixing section has been developed to
reduce pressure loss and increase the uniformity of the
flow entering the sub-chamber of the linear gas burner.
After successfully reducing the pressure loss, the new
guide blades were implemented in various hot air cham-
ber designs.

With the help of research and simulation data
using CFD (Computational Fluid Dynamics), it is possi-
ble to develop new processes as well as evaluate and
optimize already established conventional systems from a
technological point of view.

REFERENCES
1. Mrema G.C.,, Gumbe L.O., Chepete H.J., Agullo J.O. Rural structures in the tropics — design and
development, The Technical Centre for Agricultural and Rural Cooperation, 2011, iISBN: 978-92-5-107047-5.

2. Giner S., Mascheroni R.,
diffusion-based deep-bed model
(1996), 1625-1671.

Nellist M. Cross-flow drying of wheat:
and a kinetic equation for

a simulation program with a
viability loss estimations, Drying Technol.

3. Giner S.A., Bruce D.M., Mortimore S. Two-dimensional simulation model of steady-state mixed-flow grain

drying, Agric. Eng. 71 (1998), 37-50.

4. Amanlou Y., Zomorodian A. Applying cfd for designing a new fruit cabinet dryer, J. Food E 101 (1). doi:

https://doi.org/10.1016/j.jfoodeng.2010.06.001.
5. Romn F., Strahl-SchSfer V., Hensel O.

Improvement

of air distribution in a fixed-bed dryer using

computational fluid dynamics, Biosyst. Eng. 112 (4), (2012), 359-369.
6. ANSYS, ANSYS Meshing Users Guide, 17th Edition (Aug. 2016).

YK 664.723.047:631.635

B. ®inuk, ronosuuii imxenep komnanii TORNUM B Vkpaini, E-mail: Vitalii.fitsyk@tornum.com
TOB TOPHYM, og. 39, eyn. Hazapiscoka, 11, m. Kuis, 01032, Vkpaina

PO3POBKA HOBOT'O ITOKOJITHHSA IMIAXTHUX 3EPHOCYIIAPOK
TORNUM REX TA METOJIM iX KOHCTPYIOBAHHSI
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KOHCMPYKMUGHI PIUEHHS 3a OONOMO20I0 YUCETbHUX MA eKCHepUMEeHMANbHUX Memodis. Ha ocnoei ompumanux pesyno-
Mamie ma npoeedeHo20 aepoOUHAMIYHO20 AHANIZY NOBIMPSIHUX NOMOKIE OY1a pO3POOIEeHA KOHCMPYKYIsSL 3ePHOCYUAPKU
Hoe020 noxoninust TORNUM cepii REX. Bmpamu mucky, po3nooin nOmoky azeHma CyuwinHs ma po3nooil memnepamy-
pU 6 Kamepi eapsauoeo nogimpsi 8 3epHocymapyi b6esnepepsHoi Oil’ 31 SMIUAHUM NOMOKOM 6yu 00CTIONCeH] 3a O0NOMO-
eorw CFD (Computational Fluid Dynamics). Ilomix y cywapyi po3eni0ascs K ycmanenuil, 1amMiHaprui i mypoynenm-
Hutl. Bascauso, wjob 3epro Oyio pieHOMIDHO 8UCYUIEeHe, OCKINbKU HePIBHOMIPDHE CYUIHHA MOdtCce NPU38ecmu 00 NCY8aAHHs
KiHYe8020 NpoOyKmy nio yac 30epicanua. B epagiunux npaxmuynux mamepianiax cmammi HA8e0eHO NPOeKmy8aHHs
waxmuux seprocyuapox TORNUM REX, 3acanvhuii 6uensio pyxy nogimpsHux nomoxie 8 3eprocyuiapyi cepii REX,
enopu wWeuoKoCmi NOGIMpPAHUX NOMOKIE 6 3ePHOGII WAXMI, eniopa po3nooiieHHs NOGIMPSHUX NOMOKIE 8 CNeKMPI mem-
nepamyp 8 zeprocywapyi cepii REX, entopa ymeopenns azenmy cywinus nio u4ac 3smiuty8anus 3 peKynepayiunum nogi-
mpsam 6 3eprocyuiapyi cepii REX. Bcmanogneno, wo pizuuii po3nooin memnepamypu Ha UXIOHUX CeKYisax Modice npus3-
8ecmu 00 HENpAGUILHOZ0 CYULIHHA OO0 NOWKOONCEHHs KIHYe8020 NPOOYKMY, WO GNIUHYIO HA 3MIHY KOHCMPYKYI cy-
wapku. J{ns 3MeHue Hs 6mpamu mucky ma ni08UWeHHs PIGHOMIPDHOCMI NOMOKY, W0 HA0X00Umbs y niokamepy JiHIHO-
20 2A308020 NANLHUKA 3ANPONOHOBAHO HOBUL OU3AUH CeKYil 3MIULY68aNHs NOGIMPS MA HANPABNAIOYL TIONAMKU 6 DI3HI
KOHCmpYKYii kamep eapaqozo nogimps. Taxuil nioxio ¢ modentosanns 3 sukopucmanuam CFD moocna 3acmocosysamu
Y HOBUX MEXHONI02IUHUX NPOYecax, a MaKo*C OYIHIO8AMU 1l ONMUMIZY8AMU 8JiCe CIMBOPEHT 36UYAlHI CUCEMU.

KirouoBi cioBa: cyminng 3epHa, cymapka 3i smimanum noroxom, CFD, BuMiproBanHs1 BUTPATH NOBIT-
Psi, PO3MOALT TeMIIePATypP, TeXHOJIOTis.
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DEVICE FOR CALIBRATION OF THE PRESSURE
SENSOR OF GRANULAR BULK MATERIALS

Abstract

According to the plan for the implementation of the scientific and technical work "Experimental and theoretical studies
of the influence of the roll of a vertical deep container on the distribution of horizontal pressure of granular bulk material on
the walls of the container” (DR No. 0121U112518), which is being carried out at the Department of Mechanical Engineering
of ODABA, for further research on the pressure distribution of bulk material, a pneumatic measuring system for measuring
pressure of granular material on the vertical walls of storage models was developed. Pressure measurements are indirect —
based on the absolute value of the movement of the sensor platform, which perceives the pressure of the bulk material, relative
to the sensor body, the amount of pressure of the bulk material on the sensor was estimated. The system is multi-channel, each
measuring channel consists of a bulk material pressure sensor, a channel for measuring movement of the pressure sensor
platform and a recorder of this movement. The device for calibrating the pressure sensor is designed to obtain the calibration
dependence of the output signal (the air pressure in the measurement chamber with pneumatic sieves) from the input signal
(the value of the uniformly distributed pressure on the sensor). The device is two connected hydraulic systems filled with wa-
ter. One of them consists of a pressure chamber with a flexible membrane through which the water pressure is transmitted to
the sensor, and a measuring tube with a ruler to measure the water level above the membrane. The second one is a buffer tank
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