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INNOVATIVE SOLUTIONS FOR MODULAR DRYERS
Annotation

If a few years ago, with a twofold increase in yields and a severalfold increase in the export potential of the domestic
grain industry, there was a 140% shortage of capacity and almost 150% of drying capacity [4], now the deficit of this
capacity has not only not decreased, but also increased. And the reason for this is not the low pace of construction or renewal
of the production potential of grain procurement enterprises, but rather the outpacing of the growth rate of gross grain
production over the pace of construction of new elevators.

Given the deficit of the world balance in plant foods and the potential of domestic agricultural production, the
disparity between the rate of growth of grain growing capacity and post-harvest processing technologies will require
operational research and investment decisions for a long time. An important component of them is the improvement of
existing and the introduction of innovative technologies to intensify the processes of post-harvest processing of grain.

In the period of the formed balance of domestic volumes of production of grain with capacities of grain-harvesting
enterprises of the post-Soviet period the dominant share of grain drying units were dryers of mine type. Such well-studied
dryers during the half-century period of their operation, domestic scientists have improved if not all parameters, then almost
all. And producers have thoroughly studied their features and ways to adapt to the needs of drying different cereals, different
purposes. However, the last few decades have been marked by the intensive introduction of modular grain dryers. It is the
share of which already accounts for the dominant volumes of dehydration of grain harvested.

Of the great variety of manufacturers of modular grain dryers, the most innovative are the American ones. Given the
great interest in dryers of American production, the peculiarities of their technology and methods of leveling layer-by-layer
uneven heat and mass transfer, solutions to reduce energy losses of working gases and layer-by-layer grain differences in
moisture content and temperature, methods of controlling the recovered heat -technological features and attention is paid in
this work.

As part of the tasks, the authors tried to identify the most distinctive features of such modular dryers, to analyze the
design, technological, aerodynamic and thermophysical features on the example of American grain dryers modular type new
models 40FIDPX. The publication presents an analysis of innovative solutions to improve drying technology and features of
production operation of such dryers. The causes of heat-aerodynamic imbalance of modular dryers are established and the
decision on their elimination is given. The reasons for the reduction of the active surface of heat and mass transfer are
revealed and the ways of reducing the energy losses of the working gases and unproductive losses of the heat and mass
transfer surface are substantiated.

Key words: grain dryer, moisture exchange, working gases, heat, partial pressure, potential of drying gases.

Formulation of the problem

In this article, we have narrowed our tasks to the
actual analysis of innovative solutions of modern
American (US) grain dryers of modular type and the
possibility of using them to improve similar grain dryers
of European and domestic manufacturers.

The authors are aware of the importance of the
opportunity and assistance in research work on the study
of foreign grain dryers in production conditions and
express their sincere gratitude to the administration of the
agricultural holding and the elevator of this holding.

To save printing space and due to the high
professional level of training of readers of this magazine,
we will not overload the presented material with
mathematical formulas, methods of proving the
reliability of the results or arguing their legitimacy. Note
only that the publication is based on studies of grain
dryers in production conditions, for which the author's
and generally accepted calculation methods were used,
thermophysical and aerodynamic laws of state and

interphase interaction of environments of different states
of mobility and enthalpy were used, [1, 2, 5].

Since the dominant majority of modular grain
dryers is characterized by the lack of uneven heat and
moisture exchange along the length of the chambers [5 -
9], so the main focus of research is on the uniformity of
grain drying. The unevenness of the grain moisture
content in the dryer chamber is directly related to the
length of these chambers, the parameters of the heat-
aerodynamic flow and the methods of intra-chamber
equalization of the heat flow by the difference of gas
pressures. The uneven moisture content of dehydrated
grain in the horizontal plane of modular dryers of
different designs and performance (chamber length) can
range from three to 6 % or more. And this is not only an
increase in the duration of redistribution of moisture and
heat of different grains, as well as overuse of heat and
injury of overdried grain. We all remember that as the
moisture content of a grain decreases, the cost of
dehydrating it increases, and the "last" percentage of
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Fig. 1. Appearance of a metal-collecting elevator
with a conical roof of cans.

dried moisture is several times harder to remove than the
original. And for corn grain, at the speed of drying, the
last percentage of dehydration to the critical moisture
content is almost four times more energy-intensive than
the initial one. Therefore, the thesis of possible
equalization of moisture between overdried and
underdried grain in containers is economically
unjustified.

Research results

In the modular grain dryer of the 40FIDPX
model range discussed below, these and other
shortcomings have been eliminated. In Fig. 1 shows a
general view of the elevator with metal-collecting tanks,
Fig. 2 shows the view of the drying and cooling
chambers of the dryer model series 40FIDPX. In Fig. 3
aerodynamic regulators of recovered gas flows and in
Fig. 4 unloading device of this dryer.

This grain dryer unit consists of the actual heat
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a)
Fig. 2. Modular grain dryer: a) drying chamber with fan and burner and
b) cooling chamber with aerodynamic air ducts

and moisture exchange
chambers, super-drying screw
and drying chain conveyors in
accordance with the supply of
wet grain to the dryer and
unloading dry, mechanical
device volume unloading dry
grain, four axial fans equipped
with dryers , four gaseous fuel
burners located at the outlet of
the air flow from each fan to
the drying chamber, automatic
maintenance  of  specified
drying modes and prevention
of unusual situations, sensors
of grain above the drying
chamber, temperature  of
drying gases and grain,
complete combustion of coolants, structural fasteners and
fasteners its technological service, the reinforced
concrete stationary base and communication binding.

From the description of the dryer readers have
already noted that its main design features include the
following:

a) air-blowing machines with burners equipped
in them (Fig. 2) are moved to the heat exchange
chamber;

b) to control the amount of recovered heat and
aerodynamic pressure, the grain cooling chamber is
equipped with devices for heat recovery (Fig. 3);

c) for the redistribution of heat and moisture in
the layers of grain, — in the upper part of the drying
chamber are arranged flow channels;

d) to equalize the balance of aerodynamic drag
of the dry and wet layer of grain - the thickness of the
grain layer of the cooling chamber (set the distance
between the sieve surfaces) is set to 0.31 m, and drying -
0.30 m.

e) prevention of uneven gas flow in the
horizontal plane is provided by gas supply ducts and
1 burner design.

g) productivity and
uniformity along the length of
the dry grain unloading chamber
is provided by sectional bulk
unloaders (Fig. 4);

h) reduction of intra-
capillary resistance to moisture
diffusion in the grain body is
achieved by redistribution of
moisture and temperature in its
layers. To do this, the sieve
surface of the drying chamber
with a height of 0.8 m was
replaced with a metal screen to
prevent the supply of drying
gases. Such a reduction in the
active surface will not affect the
productivity of the dryer, but the
quality of drying (elimination of
injury to thermolabile
components of the periphery of
the grain body) and the

http://grain-feed.onaft.edu.ua
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Fig. 3. Aerodynamic devices for control of
heat recovery processes: 1 — cooling chamber,
2 — aerodynamic devices, 3 — mechanisms of grain
unloading

reduction of specific heat consumption is clearly the
same. Similar solutions, including the authors, were
successfully tested on a bench at different dehydration
rates 15 years ago. And later their importance in
production testing of modernization of the paired drying
complex DSP-32 was proved by additional reduction of
moisture to 3% for corn grain with simultaneous
reduction of its fracturing from 17 to 5% [4]. That is why
they deserve attention.

The surface area of heat and mass transfer
chambers is important for controlling the amount of heat
flux of heat-sensitive bodies to which the grain belongs.
That is why the productivity of the dryer and the quality
of drying depend on its area. The surface area of the
drying chamber of the dryer is 231 m2 and the cooling 72
m2. This ratio of chamber sizes (3.2: 1) for drying speeds
with drying gas temperatures up to +110 °C is critical,
especially for late cereals. The dispersion of the drying
and cooling zones further aggravates the grain cooling
regime by the presence of inflow windows of the cooling
chamber. Therefore, based on the heat balance of
different chambers and aerodynamic features of the
dryer, it would be advisable to increase the size of the
grain cooling chamber by 35% relative to the total area.

Control of the share of recovered heat and
aerodynamic resistance to the flow of working gases in
the dryer for different environmental parameters and
grain provide inflow windows (Fig. 3), evenly spaced on
both sides of the cooling chamber. Flow windows are an
important feature of the design of this model of dryer.
They can significantly affect both the kinetics and heat
energy of drying. By opening the windows we thereby,
on the one hand, reduce the share of recovered heat
(negative side effect) and moisture content of exhaust
gases (positive effect), and on the other hand, reducing
aerodynamic drag, increase the flow of working gases in
the drying chamber, improve layer homogeneity grains of
mass and heat exchange and we intensify interphase heat
and moisture exchange in the drying chamber (positive
effect). However, due to the insufficient size of the grain
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Fig. 4. Mechanism of grain unloading: 1-volume
grain unloader, 2-scraper conveyor

cooling chamber, the expediency of their use is
contradictory.

An important parameter of the dryer to influence
the efficiency of the potential of drying gases and,
accordingly, the specific heat consumption is the
thickness of the grain layer. The thickness of the grain
layer in the inter-chamber space of the dryer varies from
0.310 m, cooling zone, to 0.300 m drying. The difference
in the thickness of the grain layer of different chambers,
in our opinion, is due to the different aerodynamic drag
of wet (larger) and dry (smaller) grain. This is half the
thickness of most domestic models of dryers [4, 5]. It
should be noted that the greater the thickness of the layer
provides, on the one hand, a longer trajectory and
duration of the working gases in the grain environment,
and hence their greater filling with moisture. That is, the
potential of the working gases is better used and this is
good. However, this reduces the wuniformity of
temperature and moisture content of grains in the grain
layer, increases the aerodynamic drag of the grain layer
and at the same time reduces the moisture absorption
capacity of working gases (in the case of pressurized
working gases, as in our version of the grain dryer).
supersaturation with moisture [5]. And in the future, with
the cooling of the gases on the periphery of the grain
layer, vapor condensation may even occur, especially in
the upper part of the drying chamber. This is actually the
case for most grain dryers of various models, including
mine [3, 5].

Design features of the dryer provide its
technological and heat-aerodynamic differences. Of
which it should be noted:

- combined method of supply of working
gases: drying zone - under injection, cooling - under
vacuum;

- minimized heat loss from heating the dryer
structure;

- minimum aerodynamic
movement of working gases;

- aligned field of layered heat and moisture
exchange in the horizontal plane of the dryer chambers;

- eliminated the uneven heat and moisture
along the length of the chambers;

losses on the
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Fig. 5. Influence of energy of connection of moisture with grain on
productivity: a) - in planned tones for an hour; b) - in physical tones per hour.

- increased the driving potential of the
working gases with a variable pressure gradient of the
working gas flow, which additionally provides moisture
up to 2-3%;

- the number of blowers was reduced due to
the combined use of fan energy to create the pressure
difference between the chamber and the environment:
injection - drying zone, vacuum - cooling.

The effect of the energy of moisture bonding
with the body of the grain is directly related to the
productivity of the dryer and the specific heat
consumption. This connection can best be observed in
the kinetics of grain drying. According to the indicators
of energy consumption and dryer productivity for drying
grain of different initial moisture, we can approximate
the kinetic dependence of energy consumption and
improve drying regimes to reduce heat loss by
controlling the intracapillary resistance to moisture
diffusion. However, different understandings of the
planned tone by foreign manufacturers of dryers and
domestic technologists complicate this task.

In Fig. 5 we can clearly see the discrepancy

26 257257253 20

measurement. Thus, the
productivity of the dryer in the
planned tones [1], with
increasing energy of the
connection of moisture with the
body of the grain, decreases

(dependence a) Fig. 5).
However, in physical tones
(dependence b) Fig. 5) it
increases.

Simple arithmetic
calculations allow us to

establish that with a decrease in
the initial moisture content of
corn grain  (WO0), the
productivity of the dryer in the
planned tones decreases by an
average of 2.1 pl.t / h (AG =
2.5% / 1%) for each percentage
decrease in grain moisture.

The results of
industrial research on the influence of environmental
parameters, drying regimes and the range of dehydration
of grain on the productivity of dryers (intensity of
interphase heat and mass transfer) are presented in Fig.6.
Shown in Fig. 6 dependence proves that with decreasing
ambient temperature, the productivity of the dryer may
not only not decrease, but also increase due to the
reduction of moisture content of environmental gases and
the corresponding increase in the potential of working
gases. In our case, with a decrease in ambient
temperature by At = +11 °C, the moisture content of
environmental gases decreases by Ad= 7 g/ kgf. and the
potential of the working gases increases by so much.

Parameters of the sieve surface of the chambers.
With the reduction of the size of the dehydrated body
(rapeseed, sorghum, mustard, etc.), reduce the size of the
holes in the sieve surface, and with increasing size of
such bodies (soybeans, corn) - on the contrary, increase.
For sieve surfaces with hole diameters of ©@1.54 mm and
@ 2.1 mm, the living cross section is 26.6 and 23.5%,
respectively. This is a lot or a little - can be estimated in

19.0

between the performance of different units of comparison with a similar figure for the well-known
65 domestic mine grain dryers such
as particleboard, for which this
. figure is four times lower.
g 60 A Sometimes, in  the
kS ,/“‘( practice of drying grains of
=) A A | . .
-5 AT A different sizes (rapeseed - corn),
5 < 33 L Y they try to use a "suitable for all
.E:: 2 A, A __,_,...JL-—-"'I— crops" universal sieve (@1.54
= & 5 T |4 A mm). That is, with the smallest
iy © ) size of holes. However, in these
g circumstances, the increase in
2 s aerodynamic drag of sieve
g surfaces, reduction of fictitious
A speed of working gases and
40 slowing of  layer-by-layer
9 9 8 7 6 6 6 4 3 4 4 -15-15-15 2 2 2 2 thermal conductivity in
dehydrated grain and

Ambient gas temperature, #), °C
Fig. 6. Influence of parameters of environmental gases on
productivity of the modular grain dryer on corn grain
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deterioration of interfacial heat
and mass transfer are sometimes
neglected. This disadvantage is
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somewhat offset by the reduction of heat flow and
productivity of the dryer.

According to the analysis of thermo-
aerodynamic calculations, we found that by reducing the
diameter of the sieve surface from ©2.54 mm to ©2.1
mm, living cross section 27%, for grains of sphericity 0.7
- 0.9 and layer thickness 180 - 220 grains, reduction
layer-by-layer interphase heat and mass transfer is 19 -
25%. This is quite significant given the corresponding
decrease in the productivity of the grain dryer and the
layer-by-layer uniformity of dehydration, and hence the
increase in grain impurities.

According to the estimated data, it is established
that the thermal capacity of the burners of these models
significantly (up to 35%) exceeds their passport
productivity (nominal and maximum). Most likely, the
reserve of thermal power provides for the need to cover
the features of the current operation of the dryer and its
maintenance in a long grain harvesting period of
operation.

Conclusions
1. American (US) chamber grain dryers of the

40FIDPX series have progressive design and
technological differences. Among which the presence of:

a) flow channels in the upper part of the drying
chamber for mixing grain of different temperature and
humidity;

b) zones of redistribution of heat and moisture in
the layers of the grain body in the drying chamber;

¢) inflow windows in the grain cooling chamber;

d) use of energy of rarefaction of air-blowing
machines of the cooling and pressure zone - grain drying;

d) aligned thermal field in the horizontal plane
of the dryer chambers;

2. As the ambient temperature decreases, the
productivity of the dryers may increase;

3. To build the kinetics of grain drying and
improve the operation of foreign dryers, it is advisable to
calculate their productivity in the planned tones;

4. It is possible to reduce acrodynamic losses by
increase in diameter of apertures of a sieve surface;

6. The size of the "blind zone" of the dryer can
be reduced by reducing the coefficient of aerodynamic
losses and changing the flow vector of the working gases
in the dryer chamber.
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IHHOBAIIHHI PIINEHHSA MOJYJBbHUX CYIIAPOK

Anomauin

Axwo we Kitbka pokie momy, 3a O0B80KPAMHO20 30LIbWUEHHS 00Cs2I8 BUPOWEHO20 YPOICAl0 ma KilbKd-
KPamuo20 3pOCmMantsi eKCnopmHo20 NOMeHYiany eimyusnsaHol 3epnosoi indycmpii, Oyno 3aseneno npo 140 % oeghiyum
emrocmet i madice 150 % cywunonux nomysxcnocmetl [4], mo napasi oepiyum yux nomys’cHocmeii He Juuie He 3MeH-
wuecs, a i 3pic. 1 npudunoio ybo2o e1acHe He HU3bKI memnu 6yOiGHUYMEA YU OHOGIEHHS BUPOOHUYO20 NOMEHYIANY 3ep-
HO3a20MiGeNbHUX NIONPUEMCTNG, 4 WBUOULE 34 6CE BUNEPEOIICEHHS] MEMNI8 3POCMANHS 8AN08020 GUPOUYBAHHS 3ePHA

Hao memnamu 6y0iGHUYMBA HOBUX eNe6amOpIa.

3 oensdy na degiyum cimosozo 6anancy 6 npoOYKmax pociuHHO20 Xapuy8anhs ma NOMeHYian eimyusHAHO20
azposupoOHUYmMEa, — oucnapumem Midc Mmemnamu Hapowy8anHs NOMYAHCHOCHEN BUPOWYBANHS 3ePHA A MEXHON02IU
niciA30upanvHoi tio2o 00podIimKy 6yde we mpueanuil Yac eumMazamu OnepamueHUX HAYKo80-iH8eCMUYIIHUX pilleHb.
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Baoiciusoro cknadosoio ix € yOOCKOHAaNeH s ICHYIOUUX A GNPOBAOIICEHHS THHOBAYIUHUX MEXHON02I inmeHcugikayii

npoyecie nicasa3oupaibHoi 00poobKu 3epHa.

YV nepioo cgopmosanoco 6anancy eimuuznanux o0csi2ié 8UPOOHUYMBA 3EPHOBUX 3 NOMYICHOCHAMU 3€PHO-
3a20MiBeNbHUX NIONPUEMCIE NOCMPAOAHCLKO20 NePiody OOMIHYIOUO0I0 YACMKOIO 3ePHOCYUUNBHUX azpe2amie Oyau Cy-
wapku waxmuoeo muny. Taxi, 00bpe susueHi cyuapku enpoooelc NieCMOoNIMHb020 Nepiody ix excniyamayii, 6imuus-
HAHI HAYKOBYI YOOCKOHAULU AKWO He 6Ci napamempi, mo mauice 6ci. A 8UpOOHUYHUKU OOCKOHANO GUGHUIU IX 0COOU-
60cmi ma cnocoou NPUCMOCYBaHHL 00 NOMped CYWIHHA PI3HUX 3ePHOBUX KYIbMYP, PI3HO20 Yilb0B020 NPUSHAYEHHS.
Oo0nax ocmanui Kinbka O0ecamunims Gi03HAYUUCH THMEHCUBHUM GNPOBAONCEHHAM CAMe MOOYIbHUX 3EPHOCYUAPOK.
Came Ha yacmky AKUX ce NPUNAOArOmy OOMIHYIOUI 00CA2U 3HEBOOHEHHS 3ePHA 310PAHO20 YPOIICArO.

13 genuxoi pisHomMaHimHOCMi 8UPOOHUKIE MOOYIbHUX 3EPHOCYULAPOK, THHOBAYIIHO BULIOHO BUDIZHAIOMbCA CAMe
amepuxaHnceki. 3 0enady Ha eenuKkull iHmepec 00 CYUWAPOK 6lACHe AMEPUKAHCLKO20 BUPOOHUYMEd, ocobausocmell ix
MexHoN02ii ma cnocobdie HiBeN08AHHS NOUWAPOBOT HEPIBHOMIPHOCI MENN0-MACOOOMIHY, pilleHb 3i 3MeHUEeHH 8mpam
eHepeii meuii pobouux 2azis 1 nowlaposoi 6 wapax Mmiia 3epHUHY 8iOMIHHOCMI 80J10208MICIY Ma memnepamypu, cno-
€00i8 YNPasiHHA YACMKOIO PEeKYNEpOSanol meniomu ma iHuUxX KOHCMpPYKMU6HO-MeXHON02IYHUX ocobausocmell i npu-
dineno ysaey 6 0awiil pobomi.

B pamxax nocmasnenux 3a6dansb, agmopu cnpobyeanu UOKpemMumu HauOiibus iOMIiHHI 0COOIUBOCME MAKUX
MOOYIBHUX CYWAPOK, GUKOHAU AHANI3 KOHCMPYKMUGHUX, MEXHON0TUHUX, AePOOUHAMIYHUX MaA MEeNI0PIZUHUX 0c0D-
auOCmell Ha NPUKIA0i AMEePUKAHCLKUX CYULAPOK 3ePHA MOOYIbHO20 muny Hosux mooereu 40FIDPX. B nyonikayii u-

KAAOeHO aHani3 IHHOBAYIIHUX PiuieHb 3 YOOCKOHAICHHS MEeXHONO02I CYWIHHA ma 0coOIusocmi 6upoOHUYOT excnayamayii

maxux cywapok. Bemanosneno npuuunu menno-aepoouHamiunozo oucOanancy MooyIbHUX Cyuapox ma HageoeHo pi-
wieHHs 3 iX ycyHeHHs. BusaeieHo npuyunu 3MeHueHHs aKMUSHOI NOBePXHI Menio-macoo0OMiny ti 0OIPYHIMOBAHO CHOCOOU
3MeHULeHHs 8mpam eHepeii meuii poooyux 2azie ma HeNnpPOOYKMUBHUX MPAM NOBEPXHI MENnI0MACOOOMIHY.

KuiiouoBi cj10Bi: 3epHOCymIapka, BOJIOroo0MiH, po6oui rasm, Temiora, napuiajJbHuid THUCK, MOTeHLiaJl
CYIINIbHUX rasis.
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