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Description
Field of the invention

[0001] The present invention relates to the field of methods for conditioning and moisture control of bulk materials,
such as methods for drying grains or seeds stored in silos more specifically the present invention relates to a novel
method for grain moisture control, capable of performing a novel predictive method for grain moisture control by means
of an open loop control.

Background of the Invention

[0002] In order to better understand the object and scope of the present invention, it is convenient to describe the
closest known prior art regarding the use of facilities or silos for grain storing and drying, as well as the commonly used
moisture control and temporary storage procedures of the harvested grain.

[0003] In the present specification the terms "moisture” or "humidity" may be used interchangeably, but preferably the
former is applied to solid products and the latter to gases, particularly air.

[0004] In principle, the inventors of the present invention have observed a noticeable lack of offer in the market
concerning facilities for grain moisture conditioning with natural air and/or low temperature. In general, they have observed
that the facilities currently available in the market are not especially suited for different climatic zones, they are not
especially designed for easy cleaning and access by operators and do not provide duty cycles prioritizing a gentler grain
treatment in order to better preserve its qualities, especially when it comes to conditioning high value grains, at the
expense of a slower drying speed. They have also observed that there is still a need of process optimization, in order
to obtain a more economically profitable process with lower operating temperatures (prioritizing grain quality) compared
to grain dryers currently available in the market.

[0005] The purpose of grain moisture conditioning or control facilities is to bring and maintain the grain moisture content
within a commercially and technically acceptable range. In this regard, it may be possible both to provide as well as to
remove moisture therefrom in order to reach the optimal moisture percentage, however, typically the most common task
is to reduce the moisture content in the grain, which usually comes from harvest with an excess moisture regarding
commercial and conservational standards. As mentioned above, this type of facility is known to those skilled in the art
simply as "grain dryers" including facilities that only allow reduction of grain moisture. Moreover, those that can also
increase and/or homogenize the moisture content in the grain mass are known as conditioning systems. Therefore, for
all practical purposes the term "grain dryer" can be understood as also referring to a grain moisture conditioner or
regulator, as is apparent to a person skilled in the art.

[0006] Graindryers can be classified as high temperature, intermediate temperature and low temperature dryers. High
temperature dryers are the most widespread in the market, and consist of drying columns or chambers, vertically arranged
(towers) in which the moist grain enters through the top and the dry grain exits through the bottom. Typically these are
high drying capacity dryers, but do not prioritize grain quality. Low temperature dryers generally consist of a silo with
special characteristics, where the drying/conditioning takes place slowly and uniformly with air at room temperature or
heated slightly above room temperature. These dryers/conditioners are known for their excellent drying quality.

[0007] Constructively, grain dryers and grain drying facilities using metal silos are usually of the raised-on-columns
type, these being the smallest in size, processing and storage capacity; or of the type using larger metal silos, which
are usually supported on the ground, after a civil engineering work that serves as a support and floor for the silo bottom
structure, included in said civil engineering work the creation of a double-decker floor and a possible inlaid pipe design
and conduits needed for its operation.

[0008] Broadly speaking, a typical grain drying process starts with loading the grain into the silo. Said grain loading is
obtained by lifting and dumping the grain by using an auger, bucket elevator, wheel, conveyor belt or the like as a means
of grain elevation, so as to introduce the grain usually through the center of the silo roof. After placing the bulk material
inside the silo, whether said silo is full or not, a variety of fans, exhaust fans, temperature and moisture sensors, heaters
and channel opening and closing shutters and other devices are generally connected to the silo in order to circulate an
air flow through the grain mass in a more or less continuous way, wherein said air flow draws moisture from the evaporation
of water contained in the stored grains. Generally, the construction involves incorporating a double-decker floor into the
civil engineering work, or a series of grids, and air blow pipes among other options in order to force a generally upwards
air circulation through the stored grains, in order to achieve a moisture removal effect.

[0009] However, the control exerted over this air flow process, is as simple as manually turning on and off a fan and
manually measuring grain moisture by the staff handling the facility, and as complex as incorporating computers and
multiple closed-loop continuous feedback control sensors. Examples of known methods and devices can be found in
U.S. patents 4583300, 4750273, 4916830, 5167081 and 5551168.

[0010] A method according to the preamble of independent claim 1 is known from document US4750273 A. 15 It is
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also known that the air entering the silo is taken from the atmosphere, therefore the temperature and moisture conditions
of said inlet air are those of the reigning climate. This implies that the atmospheric air can be as moist as or even moister
than the grain mass. In this sense, the options for conditioning said inlet air are to modify its temperature and/or moisture,
in order to obtain the moisture absorption effect from the grain mass throughout which said air circulates and produce
the drying effect on the grains. It should be noted that increasing the air temperature is a practice that causes the lowering
of the air relative humidity and thus increases its moisture from the grain mass absorption power.

[0011] In general, the average humidity or moisture of the grain mass required for a certain grain type and a particular
intended use is well known to a person skilled in the art. For this reason, the grain drying process seeks to obtain an
optimal grain mass average humidity reading, for both conservation and commercialization or industrialization. As an
example, popcorn must have an average grain mass moisture content in the order of 14.5% in order to be considered
ready for commercialization, and it is therefore understood that higher humidity values such as 18% would not achieve
the required quality for its commercialization, thus having to submit the overly moist grains to a drying process in a facility
meant for such purpose. In general, in order to obtain the desired moisture content, i.e. the optimum value for conservation
and subsequent commercialization, it is necessary to remove moisture from the grain, this being the most common
procedure. However, in general, conditioning the grain involves keeping the grain mass within an average moisture
range, which may also involve the addition of moisture if said grain mass is too dry. The latter is hardly representative
of the grain conditioning processes and can occur in special situations such as in very dry climates or regions and/or a
prolonged sun and dry wind exposure of the crop prior to its harvest.

[0012] Itis for the above mentioned reasons that the inventors of the present invention detected a need for a operation
procedure allowing the drying of grains with the lowest possible air temperature compared to those currently used in the
market, providing a relatively slow drying in order to enhance uniformity in grain drying, maintaining its viability as a seed
and decreasing the amount of cracked grains, all this carried out by a novel open-loop predictive control of proven
efficiency.

Brief description of the invention

[0013] Itis therefore an object of the present invention to provide a method according to independent claim 1 to control
the moisture of a bulk material stored in a container silo, providing a simple and effective way of setting up said facility
without the need of complex civil engineering works, easing its assembly by means of adopting a generally flat base
floor of a rigid material on which the perimeter wall of the container silo is positioned and held; as well as providing an
easy and effective way of holding said bulk material while blowing the air through the air blowing

[0014] Itis also an object of the present invention to avoid direct and continuous moisture measurement of the grain
The grain moisture content is measured by layers only in the beginning of the process and before starting the moisture
control, thus proceeding in a predictive manner and not by direct feedback of the moisture measurement of the same
bulk material to which the method of moisture control is applied.

[0015] To this end, an electronic control means is operatively connected to said air blowing means, to said air heating
means and to said sensor means, wherein said electronic control means includes an initial data recording means from
such sensor means, a desired bulk material moisture value input means, and a means of modeling and calculating on
and offtimes as well as an operating power control of at least said air heating means. According to a preferred embodiment
of the invention, the method for drying grains uses a facility for grain moisture control in which said air blowing means
may be implemented in a convenient manner by adopting a centrifugal fan with an air circulation rate based on the
weight of the bulk material in the range of about 1 to 2 m3/ (min.t) and adopting a gas burner as said air heating means.
[0016] Itis also an object of the method of claim 1 to provide a procedure for grain moisture control to be applied with
the humidity control facility, adopting a layered division of the bulk material contained in said silo, as a way of discretizing
the model and the calculations, thereby determining a plurality of layers of bulk material and thus being able to record
the initial moisture and temperature values of at least the bottom layer of said plurality of layers, a measurement which
is convenient and easy to obtain; then calculate from these values the changes in temperature and humidity caused by
moisture reduction power and circulating air flow temperature.

[0017] Additionally, in order to model and calculate the progress of the working stages without resorting to direct
feedback processes of moisture measurement in the bulk material, the initial moisture value of at least said lower layer
is recorded, and the circulating flow rate is recorded in said initial data recording means of said sensor means of said
electronic control means; also in order to perform said modeling and calculation the desired bulk material moisture value
is recorded in said desired value recording means of said electronic control means.

[0018] Additionally, according to a preferred embodiment of the invention, in order to model and calculate the progress
of the working stages without resorting to direct feedback processes of moisture measurement in the bulk material, a
humidity range has been established, which comprises a lower desired moisture limit and a upper desired moisture limit
obtained from tolerance values preset to be greater and smaller than said recorded desired moisture value of the bulk
material, and the activation of a process stage is determined by means of said modeling means and on-and-off time
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calculation as well as the operating power control of at least said heating means, being the possible process stages as
follows:

- adrying stage comprising the activation of the air blowing means and if the ambient air humidity is greater than the
calculated humidity required to lower the moisture of the bulk material, the activation of the heating means, and
where this drying stage is activated if the moisture value of said first lower layer of bulk material is greater than said
moisture upper limit;

- a maintenance stage comprising the activation of the air blowing means and where this maintenance stage is
activated when the moisture value of said first lower layer of bulk material is comprised within the range determined
by said upper and lower moisture limits; or

- are-humidification stage comprising shutting down said air blowing means if the relative humidity of the ambient
air is less than the one indicated for re-humidification of the bulk material, or activating said air blowing means if the
relative humidity of the ambient air is suited for re-humidification of said bulk material and where this re-humidification
stage is activated if said moisture value of said first bottom layer of the bulk material is below said lower moisture limit.

According to a preferred embodiment of the invention, the procedure comprises a drying stage and a re-humidification
stage in such a way that they are predictively driven, adopting to this end the periodic calculation of the temperature
variation of each of said at least one layer, and the reading of the temperature value of said temperature sensor in said
air chamber, without the need for new moisture measurements in said first layer of the bulk material, determining by the
use of said modeling and calculation means the degree of progress of the active stage, until said stage reaches one
hundred percent progress, additionally making use of equilibrium equations comprising, at least one heat balance equa-
tion between the air and the bulk material, at least one mass balance equation between the air and the bulk material,
and at least one balance equation between the equilibrium moisture content (EMC) of the bulk material and the equilibrium
air relative humidity (ERH) and as described in detail below.

Brief Description of the Drawings

[0019] For clarity purposes and to provide support to the present description and to provide an example of a preferred
embodiment of the invention, accompanying drawings are provided and described in detail below:

Figure 1 is a perspective view and a partial section of the moisture control facility of the present invention according
to a preferred embodiment, further illustrating an enlarged detail referred to as Detail-1A, in order to better appreciate
the inside of the silo.

Figure 2 is a side view and a partial section of the facility as an example of the embodiment in Figure 1, taken from
a leftmost position to said Figure 1, in order to better illustrate the heating and air blowing facilities.

Figure 3 is a side view and a partial section of the humidity control facility according to the preferred embodiment
of the present invention, further illustrating an amplified detail -3A-of such heating and air blowing facilities and the
external sensors.

Figure 4 is a top view and a partial section, partially illustrating the supporting floor of the bulk material, the air flow
into the airchamber under the floor and one of the preferred positions for the temperature sensor, among other details.
Figure 5 is a graph illustrating the average moisture content of popcorn as a function of time;

Figure 6 is a graph illustrating the relationship between the equilibrium relative moisture content of corn at a tem-
perature of 15°C as a function of grain moisture;

Figure 7 is a graph showing the relationship between said variables during the grain drying and conditioning process,
and

Figure 8 shows a flowchart of the drying and conditioning process, from the loading of wet grain into the silo to the
discharge of the dry grain.

Detailed description of the invention

[0020] In order to explain in a clearly manner one of the ways of carrying out the present invention, an embodiment
of the present invention as a preferred example will be described in detail below.

[0021] It should be noted that the information disclosed herein enables a person skilled in the art to implement the
present invention, and further implement other equivalent embodiments with the aid of what is herein written and illus-
trated.
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General components of the facility

[0022] The grain humidity control procedure according to a preferred example of an embodiment of the presentinvention
has a general appearance as illustrated in Figure 1, which distinguishes a silo (1) with a generally cylindrical shape
preferably made of galvanized steel sheets (also known as zinc plates) shaped and bolted together so as to obtain the
curved wall (2) laterally defining the grain storage enclosure; all of this being crowned at the top with a conical roof (3)
also with zinc steel sheets. A plurality of reinforcement uprights or columns (4), are arranged outside on the contour of
the perimeter wall (2) adding structural strength to silo. An external staircase (5) can also be observed, which rises above
the roof of the silo, wherein a variety of inspection platforms (6a), (6b) with guardrail are arranged. The latter surrounds
a funnel or load hopper (8) in which in a preferred embodiment the dispensing outlet of a grain elevator (7) propelled
into the silo (1) discharges its contents.

[0023] Particularly, the perimeter wall (2) of the silo (1) of the present invention is supported on a flat base (9), usually
flat and rigid. The term "rigid" is intended to mean having sufficient structural stiffness, such as in the case of reinforced
concrete, in order to form a slab which allows firmly supporting the entire silo structure and its weight. The perimeter
wall (2) is secured to the slab (9) by expansion bolts and the connection between both is sealed either with the use of
silicone sealants, rubber strips and/or also by a rubber ring, among other options.

[0024] In Figure 1, and for illustrative purposes, some of the zinc sheets have been removed in order to allow viewing
the inside of the silo, also accompanied by an enlarged detail referred to as Detail 1A. Inside the silo (1), itis then possible
to observe the existence of an elevated floor (10) preferably suspended at a height of approximately 0.57 meters above
the reinforced concrete slab (9); this can be obtained in a convenient way by incorporating a support frame (11) inter-
mediately between the concrete floor (9) and said elevated floor (10).

[0025] The elevated floor (10) is advantageously positioned at a predefined distance relative to the slab (9), avoiding
previous civil engineering constructions frequentin traditional drying silos. Itis simply enough to provide a smooth surface
(9) as the one described for carrying out the conformation of this elevated floor (10) by placing said support frame (11).
[0026] In particular, said elevated floor can be made with a steel plate thick enough to support the weight of the grain
to be dried, and it incorporates a plurality of holes (12) that will serve as an air passage for the purposes of the present
invention, but that will not allow the grains to fall through them. To this end, when drilling the holes, a preferred diameter
for circular holes is approximately 4 mm; additionally, the total perforated surface allowing the passage of air is preferably
in the range of 15% to 30% of the total area of the elevated floor (10), and even more preferably is at least 20% of the
total area of the elevated floor (10).

[0027] Furthermore, said support frame (11) is preferably constructed as a grid and/or truss of welded tubes, which
copies the generally circular shape of the elevated floor (10) and supports said floor, being the frame (11) supported by
sticks or studs (13) contained within the silo and welded to the grid intersections, the bases of which rest on the slab
(9). Generally, then, the support frame (11) has an upper grid assembled from welded metal tubes and supported by a
plurality of sticks or studs (13) acting as short columns of welded metal tubing. This arrangement is particularly advan-
tageous for a rapid assembly and even for adapting pre-existing silos, transforming them into grain moisture control
facilities for use in grain drying procedures according to the present invention.

[0028] The adoption of an elevated floor (10) with holes (12) spaced a certain distance from the slab (9), allows
obtaining an air chamber (18) laterally confined by the wall (2) of the silo (1). Said chamber or confined space for the
purposes of the present invention will be referred simply as a plenum during the description; a term which is widespread
and known to those skilled in the art.

[0029] In this way, said plenum provides an enclosed space where the air is evenly distributed and its pressure is
slightly raised in order to force its way up through said elevated floor (10) which includes holes. This air chamber (18)
will also be used, as described below, to provide enough space for the extraction of the grain dispensed from a central
discharge port and another lateral discharge port of the elevated floor (10).

[0030] Generally, the extraction of grain is obtained with the aid of a sweep auger (14) located inside the silo (1) and
above the elevated floor (10), its use and operation is known to those skilled in the art, and it is based on the rotation of
the screw around the central axis of the silo (1), generating a flushing effect as the screw rotates to push the grain
towards the center of the elevated floor (10). Said elevated floor (10) includes a central discharge outlet through which
the grain is dispensed downwardly from said elevated floor (10). Said outlet is not always open, and for this purpose
has a sliding gate of the guillotine type (not shown) that allows the opening of said outlet at the time when grain extraction
is needed. In particular, the discharge is done by inserting a conveyor belt through the access door (15) to the plenum,
and opening the guillotine type gates arranged for the central and side discharge outlets (30) (see location thereof in
Figure 4).

[0031] Being one of the objects of a preferred embodiment of the invention to allow for better access and cleaning
inside the silo (1), an access door (16) is provided with a preferred size of 1.8 meters high and 0.5 meters wide, allowing
entry of a person and cleaning elements in a comfortable manner. Since said access door (16) is elevated, suitable
fixed, removable and/or retractable ladder, rung and/or steps (not shown) are provided in order to conveniently access
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said door.
[0032] The detailed description of the grain drying procedure of the present invention will be completed below.

Grain drying procedure

[0033] Itis evident that, being the drying of the grains a primary object of the present invention, the first consideration
is in reference to that the silo (1) must contain at least an initial grain load, or that at least one silo (1) loading or filling
stage with the bulk material must be performed, particularly in this case, from grain farming (crop).

[0034] In a preferred manner illustrated in Figure 2, a silo (1) with grain inside can be observed, in particular and for
purposes of the present invention, the total content of grain within the silo will be considered as deposited in layers (G4,
G,, Gj, etc.), namely, the first grain layer (G,) or lower layer is in contact with the elevated floor (10); the second grain
layer (G,) is the layer immediately above the layer (G,); the third grain layer (G5) is the layer directly above the layer
(Gy), and so on. The number of layers can vary depending on the size of the silo (1) and the amount of grains inside,
however in a preferred embodiment, the thickness of each layer is set to about 1 meter. As an example, in Figure 2 of
a preferred embodiment five layers of 1 m each (G4, G,, G3, G4 and Gg) are arranged.

[0035] Thedivisionintolayersisimportantforthe purposes of the presentinvention because, in principle, itis necessary
to establish the average temperature and humidity of the grains contained in at least the first layer, in order to apply the
predictive model to the facility of the present invention. Even more preferably in each layer contained in the silo.
[0036] For the grain layer (G,), the average temperature (T,) and grain moisture (H;) are obtained by a moisture
measuring device (moisture meter) or the like, before or after loading into the silo, subsequently proceeding in the same
way with each layer. Experiments have shown that the temperature values (°C) T4, T, T3, etc., and (%) H¢, Hy, Hs, etc.
are generally uniform enough to assume that the entire layer has the same temperature and humidity.

[0037] Since the facility is built up so as to allow air entry into the plenum (18), the introduced air stream is provided
by at least one fan (19) acting as an air blowing means, whose air outlet is inserted through the wall (2) and into said
plenum. In this way, a pressure rise within the plenum and an upward air flow through the grains are obtained.

[0038] By default, the fan (19) is powered by normal supply voltage, i.e. 100% power, and determines the circulating
air flow rate according to the pressure drop condition imposed by the grain mass inside the silo (1), as is apparent to
one skilled in the art. By using the pressure-flow curves of the fan in use, and by measuring the static pressure in the
plenum, it is possible to determine the circulating air flow that can be applied to drying.

[0039] Once the circulating air flow rate is obtained, and knowing the number of tons of grains contained in the silo,
it is possible to determine the quotient of dividing the flow rate by the total grain mass, expressed as (m3/(min.t)), where
the flow rate is preferably expressed in cubic meters per minute and the total grain mass in tons. A typical flow rate value
for this type of facility is approximately 1 to 2 m3/(min.t), which are relatively low flow rates compared to traditional drying
facilities. Also, based on the experience gained in different climatic zones in the country, for a centrifugal type fan (19)
a power of about 15 hp was enough for a typical drying facility of approximately 120 tons of corn, thereby achieving air
flow rates of about 1.5 m3/(min.t).

[0040] The fan being a moving mechanical device, friction in blades and other components determine an increase in
the air temperature entering the plenum with regards to the ambient air, and the forced circulation of air through the
grains also generates friction, resulting in an increase in static pressure which determines an additional temperature
contribution due to air compression; both situations must be taken into account.

[0041] Estimated air resistance (static pressure in Pa) based on circulating air flow rate, depending on the type of
grain and the total height of the grain layers can be calculated based on the ASAE D272.4 standard (American Society
of Agricultural and Biological Engineers).

[0042] The temperature increase is determined by the following equation:

AT(°C) = 0.00111:P(Pa)

where AT is the temperature variation (increase in °C), P is the measurable or calculable static pressure (Pascals) and
0.00111 is a calculation constant, all this forming an equation that serves and conveniently adjusts to all purposes and
all kinds of grains.

[0043] As a reference, under normal working conditions, a dryer silo fan can produce an increase in air temperature
of between 1.5 and 4°C.

[0044] It is then possible to calculate the reduction in relative humidity in the plenum for said temperature increase
AT, in accordance with the ASAE D271.2 standard.

[0045] As an example, a reference Table 1 is included, relating the pressure difference to the environment pressure
(Pa) taking the environment pressure as the zero reference value, and observing the corresponding relative humidity
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(%) and temperature (°C) for each pressure difference regarding the plenum.

TABLE 1.
Environment Plenum
Pressure difference to the environment (Pa) 0 500 1000 1500 2000
Relative humidity (%) 60 579 56.2 54.2 52.7
Temperature(°C) 25 25.6 26.1 26.7 27.2

[0046] Itis also possible to calculate the grain Equilibrium Moisture Content (also referred to by its acronym "EMC"),
based on ASAE Standard D245.5. Namely, the equilibrium moisture content is the moisture content "of the grain itself"
that tends to stabilize or naturally maintain itself at a certain temperature and relative humidity of the environment to
which it is exposed, as can be seen in Figure 5 for popcorn. As an example, Figure 6 illustrates a graphical relationship
of the ambient relative humidity (%) at a temperature of 15°C for corn, vs. the corresponding EMC value that can be
determined in abscissas.

[0047] This means itis possible to estimate at all times the inherent moisture of the grain at which it will stabilize with
time, by knowing the ambient relative humidity (%) and temperature (°C) said grain is being exposed to. This conversion
can be done in both ways based on tables or equations that relate the relative humidity (%) and the ambient temperature
(°C) to the moisture content characteristic of the grain in question, as shown in the graph in Figure 6.

[0048] Having obtained the average initial characteristic data of the grain mass inside the silo and of the facility in the
plenum due to the use of the fan (19), it is then possible to define the desired moisture range to be obtained at least for
the first grain layer (G1). Said range can be expressed as having a lower grain moisture limit Hg; from which itis undesired
to trespass, and an upper grain moisture limit HgS which is also undesired to trespass. As a particular example some
grain moisture content upper and lower limits of interest are:

Corn: Hgi = 13.5%; Hgs=15%
Paddy rice:  Hgy=125%; Hgs=14%
Barley: Hgi =12.5%; HgS =14%

Sunflower:  Hg; = 9.5%; Hgs = 11%

[0049] Determination of lower and upper moisture limits in the grain can be conveniently established by determining
the accepted commercial or technically required upper limit and subtracting about 1.5% to that higher value, thus obtaining
a reasonable desired range in which the grain moisture content can oscillate during the adjustment of grain moisture.
[0050] Conceptually, the grain drying facility facility used in the procedure of the present invention, while carrying out
the procedure described herein, will prioritarily keep the grain moisture in the first layer (G;) within the preset moisture
range, i.e. between the Hy; and Hgg limits. Accordingly, and because the process is applied in a steady and slow manner,
the successive layers (G,, G3, etc.) will also adjust their moisture content until they reach the desired value near or equal
to Hys.

[0051] The predictive control routine applied for predicting the evolution of drying or re-humidification is carried out by
an electronic control means (21) such as a computer, a programmable controller or the like. Said electronic control
means may be operatively connected to a plurality of sensor means, such as the ambient temperature sensor means
(23) outside the silo, the average ambientrelative humidity sensor means (24) outside the silo and atleast one temperature
sensor means (25) within the plenum. In particular, and based on the experimental results made by the inventors of the
present facility, the temperature sensing means within the air chamber (18), i.e. within the plenum, is preferably positioned
at 90 degrees to the left or right with respect to the entry of air blown by the fan (19), this is better appreciated in the top
view of Figure 4.

[0052] During the moisture control process, the initial input of certain parameters necessary for the electronic control
means (21) is required in order to carry out prediction of the evolution of drying or re-humidification stages as needed,
these parameters are: the selection of the type of grain to be dried (e.g. popcorn, waxy corn, high oleic corn, rice, malting
barley among others); the number of tons of grain loaded into the silo; the resulting specific flow rate (m3/(min.t)); the
initial grain moisture content; and the desired final grain moisture content, as it has been discussed above for fixing the
upper and lower desired grain moisture values, Hgg and Hg;.

[0053] Additionally, said electronic control means (21), has at least one recording means for the desired bulk material
moisture value (e.g. Hg and Hy values) and a means of modeling and calculating the turning on and off and regulating
the operating power of said air heating means. In particular, the modeling and on-and-off times calculation means can
be efficiently implemented by entering programming codes into a computer, or into a programmable control (PLC), so
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that its control logic, which for a preferred embodiment is based on a predictive duty cycle, takes the temperature and
humidity values described herein in the process as inputs, and based on the time evolution and the recording of the air
temperature inside the plenum, actuates on the turning on and off of the air blowing means (19) and on the turning on
and off and power control of the air heating means (20).

Decisionmaking procedure for the modeling means and turning-on time calculation, in order to condition grain
moisture

[0054] If the moisture of the first layer Gy, is greater than the preset upper limit Hys (moist grain), a drying stage is
started; on the other hand, if the moisture of the first layer G1 is smaller than the lower limit H; (dry grain) a re-
humidification stage is started; however, if the moisture of the first layer is equal to or less than the upper limit and
equal to or greater than the lower limit, this means that the grain moisture is within the desired moisture range and a
maintenance stage may proceed (grain within the acceptable range). These stages are exemplified in Figure 7 and
are briefly described below:

Maintenance stage

[0055] In said maintenance mode or stage, as the grain moisture in the G, layer is within the optimal range, only
the fan is turned on, regardless of temperature and relative humidity conditions of the ambient air as it enters the plenum
(fan always on),thus making ambient air circulate with constant ventilation.

Drying stage

[0056] In said drying stage, if the equilibrium moisture content (EMC) of the ambient air upon entering the plenum of
the silo is equal to or less than the upper limit Hyg, only the fan (19) is turned on, as mentioned in the maintenance stage;
on the other hand if the equilibrium moisture content in the plenum of the silo is greater than the upper limit HgS the fan
is turned on together with the heating means (20) in order to condition the air by lowering the relative humidity and
consequently the grain equilibrium moisture content (EMC), calculated based on psychrometric techniques from standard
ASAE D271.2, and measuring the temperature with a temperature sensor (25) located in the plenum and the ambient
relative humidity with a relative humidity sensor (24).

[0057] According to the facility used in an embodiment of the procedure of the present invention a heating means (20)
is provided which can be preferably implemented by means of a gas burner with flame control by controllable gas flow
rate, said burner (20) is preferably installed to provide hot air to the fan suction inlet (19). Gas passage control may be
commanded by an electronic control means (21) operatively connected to said air blowing means (19). Additionally, the
air blowing means (19) implemented by means of a fan, is also commanded by said electronic control means (21)
operatively connected to said fan (19) to allow commanding the turning on and off of said air blowing means and the
turning on and off and adjustment of the operating power of the air heating means (20) in order to obtain a continuous
adjustment of the operating power of said air heating means (20). The turning on and off of the centrifugal fan (19) is
therefore understood as supplying or, respectively, interrupting the electrical power supply. It is further understood by
"turning on and off the heating means (20)", the opening or closing of the gas passage, in the case of a gas burner, and
control of the progressive opening or closing of the gas passage (e.g. by means of a needle valve) in order to obtain a
variation in the gas flow delivered to the burner. However in case of using another heating means (20) such as heat
recovery from other processes, or by electrical resistors and/or the like, the turning on and off and the adjustment will
be related to the type of power supply and/or flow rate needed in order to obtain the temperature increase. Namely,
usually the required temperature increase in a facility of the type described and using a moisture control method such
as the one described herein, only requires raising the inlet air temperature by about AT = 5 to 8°C. A beneficial low
energy consumption is thus observed as the operating temperatures in the silo due to a relatively low air intake compared
to grain dryers currently available in the market.

Re-humidification stage

[0058] In said re-humidification stage, if the equilibrium moisture content in the plenum of the silo is greater than or
equal to the lower limit Hgi then only the fan (19) is turned on, as this will tend to increase grain moisture as mentioned
in the aforementioned maintenance stage; if, on the other hand, the equilibrium moisture content of the plenum of the
silo is less than the lower limit Hg;, the fan (19) is stopped in order to prevent further drying;

[0059] Whatever the mode or active stage, the change in humidity in the different layers is periodically calculated
according to Thompson equilibrium model (1972), preferably at every hour. (Thompson, TL, RM Peart, and GH Foster.
1968. Mathematical simulation of corn drying-A new model. Transactions of the ASAE 24 (3):582-586).
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[0060] The Thompson equilibrium model assumes that the air, after passing through a grain layer is in equilibrium
with the temperature and humidity of the grain in that layer. In order to predict moisture change of the grain layer the
model is based on three equilibrium equations: 1) heat balance between the air and the grain, 2) mass balance between
the air and the grain and 3) equilibrium between the grain equilibrium moisture content (EMC) and the air equilibrium
relative humidity (ERH).

[0061] Basedonthe datafortemperature andrelative humidity inthe plenum, and applying the convenientpsychrometry
rules, the moisture content of the air (grams of water per kg of air) entering layer G, can be calculated. In turn, the
resolution of the Thompson balance model allows predicting the temperature and relative humidity of air leaving the
layer G4, and thus by reapplying psychrometry, the moisture content (grams of water per kg of air) of the outgoing air
can be obtained. By simple subtraction, the amount of water that each kg of air that circulated through the G, layer
removed (drying) or deposited (re-humidification) in that layer, can be known. Then, multiplying the effect of each kg of
air in circulation by the air flow rate in the system, the amount of water deposited or removed on said layer per unit time
can be obtained. The same calculation for the second layer (G,) is then performed. In this case the input air conditions
in the second layer (G,) are equal to the output air conditions in the preceding layer (G). Similarly, the drying or re-
humidification effect that took place in the silo dryer in each of the grain layers per unit time is calculated.

[0062] The equilibrium moisture content or its inverse relation, the equilibrium relative humidity, can be calculated with
Modified Chung-Pfost, Modified Halsey, Modified Oswin and Modified Henderson models, depending on which is rec-
ommended for each type of grain (ASAE D241.4).

[0063] Thus, based on the air drying conditions in the plenum of the silo and the air flow rate determined at the start
of the process, the degree of overall progress of the process in the drying or re-humidification stage can be determined.

Final adjustment of the grain moisture content

[0064] As the process develops, it is important to adjust the preset value of the lower limit Hgi of the desired humidity
range, bringing it closer to the desired upper limit Hys as said drying or re-humidification stage proceeds.
[0065] Adjustment of the Lower limit Hy; can be performed as follows:

As an example, the total drying time or total drying duration estimated in fan operation hours (DTot, in hours):
660/specific flow rate (m3/(min*t)) as determined above.

[0066] In this instance, readings from the various sensor means (23) (24) and (25) as well as the control exerted over
the burner (20) and fan (19) can be carried out by means of the aforementioned electronic control means (21) for example,
a computer, an electronic processor, a programmable controller and the like located in the control cabin (22) enabling
the moisture control facility to record the fan operating hours (namely the time in which it was generating a moisture
change in the grain’s condition) from the start. Let Dq be, for example, the cumulative hours of fan operation until the
time of recording and calculation. It is then possible to calculate the % of drying of the process, based on the following
expression:

D
Drying percentage = 5 %100
rYIng p 8 DTot ;

s

expressed in words;

current operation time
L x100

total calculated control time ;

Current moisture adjustment percentage =

[0067] "Drying percentage" is therefore understood as the degree of progress of the drying process of the grain in the
silo (1), and thus it is possible to take the following drying percentage ranges as examples in order to increasingly adjust
the lower limit to bring it closer to the upper limit:

Drying percentage within 0-50% range

Lower Limit = (upper limit - 3)
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Drying percentage within 50-75% range

1l

Lower Limit (upper limit - 1.5)

Drying percentage within 75-100% range

Lower Limit = (upper limit - 0.5)

[0068] From the previous calculation, if the degree of progress (drying percentage) obtained is still below 100%, then
the process is returned to the decision-making stage in order to determine the implementation of a drying, re-
humidification or continuous aeration (maintenance) stage. As it will be mentioned, this iteration is preferably per-
formed at regular intervals of approximately one hour.

Obtained final moisture control

[0069] When the calculated drying percentage (stage target progress) reaches 100%, the grain moisture content is
verified by taking a physical grain sample of the surface of the silo content. If grain moisture determination in the sample
confirms that drying was completed, then the process is ended. Otherwise, if the moisture content is not desirable, the
operation of the humidity control system with the same previous parameters is extended preferably for two days, after
which the grain moisture is verified again by taking a physical sample from the surface of the grain content within the
silo. Thus proceeding until the desired moisture content (Figure 8) is obtained.

[0070] As one skilled in the field of art can perceive, the grain with the desired moisture can be unloaded by gravity
by use of the discharge doors (30) along with the insertion of a conveyor belt under the floor (10), which allows the final
grain sweep using the sweeper auger (14) without major inconvenience.

[0071] The facility and procedure for grain moisture control as they were described, are particularly suitable for use
with high commercial value grains such as popcorn, waxy corn, high oleic corn, rice, malting barley among others, giving
them a gentle and gradual moisture conditioning while minimizing excessive energy consumption, all this by means of
the prediction of the drying evolution based on the grain natural equilibrium to stabilize at an equilibrium moisture content,
typical of the grain in accordance to the prevailing moisture and temperature conditions.

[0072] Itis thus possible to obtain a suitable facility for temporarily storing the grain, and control its moisture by taking
as open-cycle startup parameters the temperatures and moistures of the grain, and then predicting the evolution of
drying by controlling the relative humidity of the air stream blown into the plenum that will act as an upwards circulating
current to mainly evacuate the moisture of the grain contained in said silo. As a reference, it is therefore possible to
obtain a gentle grain drying process of approximately 20 days obtaining a reduction of its moisture content of about 4%
with respect to the initial value when it is loaded into the silo, this allowing, for example, to reduce the grain moisture in
the case of popcorn in 20 days from 18% to 14%, making it suitable for commercialization and conservation.

[0073] Itshould be noted that unlike known electronic control cycles which feed back evident information such as grain
temperature and humidity readings throughout the entire process, the procedure of the present invention is based on a
predictive modeling which starts in an open cycle mode with initial reading parameters and subsequently progresses by
stages that prioritize a gentle, natural drying or conditioning of the grain moisture.

Claims

1. A procedure for controlling moisture in grains, seeds and similar bulk material to be applied to a moisture control
facility, said facility comprising at least one silo container (1) of bulk material, said silo comprising:

a flat base floor (9) made of a rigid material on which the perimeter wall (2) of said silo (1) is positioned and held,
an elevated floor (10) with respect to said base floor (9), contained within the perimeter wall (2) of the silo,
wherein said elevated floor comprises a plurality of holes (12) defining air passages with a relative surface of
15% to 30% of the total area of the elevated floor (10), an air chamber (18) being defined between said base
floor (9) and said elevated floor (10),

an air blowing means (19) for blowing an air stream towards said air chamber (18) connected through said
perimeter wall (2),

an air heating means (20) connected prior to the entry of the air stream into said air chamber (18),
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at least one air temperature sensor means (25) in at least one temperature reading point located inside the air
chamber (18), and at least one temperature sensor means (23) located externally of said silo and at least one
ambient air relative humidity sensor means (24) located externally of said silo,

an electronic control means (21) operatively connected to said air blowing means (19), to said air heating means
(20), to said temperature sensor means (25) located inside the air chamber (18), to said air temperature sensor
means (23) located externally of said silo, and to said ambient air relative humidity sensor means (24), located
externally of said silo;

said electronic control means (21) including an initial data recording means of said temperature sensor means
(25) located inside the air chamber (18), of said air temperature sensor means (23) located externally of said
silo, and of said ambient air relative humidity sensor means (24), located externally of said silo, a desired value
recording means for recording a desired moisture of the bulk material and a modeling and calculating means
for predictively modeling the moisture and temperature changes of the bulk material and calculating the turning
on-and-off times, and operating the power control of said air blowing and heating means,

wherein the procedure comprises establishing a layer division of the bulk material contained in said silo (1),
thereby determining a plurality of layers of bulk material;

measuring initial moisture of at least the bottom layer of said plurality of layers of bulk material;

recording said initial moisture of at least said bottom layer in said initial data recording means of said electronic
control means (21);

recording a desired moisture value in the bulk material in said desired value data recording means of said
electronic control means (21);

characterized in that the procedure further comprises measuring initial temperature values of at least the
bottom layer of said plurality of layers of bulk material;

recording said initial temperature values of at least said bottom layer in said initial data recording means of said
electronic control means (21);

establishing a circulating flow rate of air from said air blowing means (19);

recording said circulating flow rate of air in said initial data recording means of said electronic control means (21) ;
determining by said predictive modeling and calculating means a moisture range comprising a lower desired
bottom layer moisture limit and an upper desired bottom layer moisture limit, said limits obtained based on a
preset tolerance range around said recorded desired moisture value in the bulk material;

determining by said predictive modeling and calculating means, the activation of a stage selected from the
group comprising a drying stage, a maintenance stage and a re-humidification stage;

wherein said stage is selected according to the moisture value of said selected first bottom layer from the grains
contained in the silo, based on the comparison of said desired lower moisture limit and said upper moisture
limit in relation to said moisture value of said first bottom layer;

recording the relative ambient humidity by means of said relative ambient humidity (%) sensor means (24) and
the ambient temperature (°C) obtained by said ambient temperature sensor means (23) to which said bulk
material is being exposed to,

calculating by means of said electronic control means the Equilibrium Moisture Content (EMC) of said bulk
material type, as an indicator of the moisture content at which said bulk material will stabilize over time;
establishing the activation of said air blowing means (19) and said air heating means (20) based on the air
temperature and the Equilibrium Moisture Content (EMC) of the bulk material, and the desired moisture value
stored in said desired value recording means, and based on a plurality of charts or equations that relate the air
temperature in the air chamber, the EMC, the relative ambient humidity and ambient temperature.

The procedure according to claim 1, wherein said air blowing means (19) comprises a centrifugal fan, with an air
flow rate depending on the bulk material weight in the range of about 1 to 2 m3/(min.t), and said air heating means
(20) comprises a gas burner.

The procedure according to claim 1, wherein said base floor (9) is made of concrete and said plurality of holes
comprises circular holes of approximately 4 mm in diameter.

The procedure according to claim 1, wherein said air temperature sensor means (25) in at least one temperature
reading point located inside the air chamber is positioned approximately 90 degrees to the left or to the right with
respect to the entrance of the air blown by the air blowing means (19).

The procedure according to claim 1, wherein said drying stage comprises the activation of said air blowing means

and, when the calculated temperature and EMC does not allow drying, said heating means, and in which this drying
stageis activated if the moisture value of said firstbottom layer of bulk material is greater than said upper moisture limit.
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The procedure according to any of claims 1 or 5, wherein said maintenance stage comprises the activation of said
air blowing means and wherein said maintenance stage is activated when said moisture value of said first bottom
layer of bulk material is within the range determined by said upper and lower moisture limits.

The procedure according to any of claims 1 or 5 to 6, wherein said re-humidification stage comprises the activation
of said air blowing means when the calculated temperature and EMC allow the re-humidification, and wherein this
re-humidification stage is activated if said moisture value of the first bottom layer of material bulk is below said lower
moisture limit.

The procedure according to any of claims 1 or 5 to 7, wherein said drying stage, maintenance stage and re-humid-
ification stage comprise the periodic calculation of the temperature and humidity variation of each layer of said
plurality of layers, based on the temperature value of said temperature sensor in said air chamber (18), and on the
ambient air relative humidity and temperature value of said sensors means (24, 25) located externally of said silo,
without the need for further moisture measurements in said first layer of the bulk material, determining by use of
said modeling and calculation means the degree of progress in the active stage, until said stage reaches one hundred
percent progress, and additionally using equilibrium equations comprising,

at least one heat balance equation between the air and the bulk material;

at least one mass balance equation between the air and the bulk material, and

at least one equilibrium equation between the equilibrium moisture content (EMC) of the bulk material and the air
equilibrium relative humidity (ERH).

The procedure according to any of claims 1 or 5 to 8, wherein said means for modeling and calculating the on-and-
off times of said air blowing means (19) as well as for operating the power control of said air heating means, carries
out the following stages of:

a) calculating the temperature rise and relative humidity drop in the silo air chamber (18) caused by the friction
of the fan when forcing the circulation of air through the grain;

b) calculating the estimated air resistance (Static Pressure) based on the air flow rate, bulk material type and
height of the bulk material mass, according to ASAE D272.3 standard;

c) calculating the increase in temperature according to the following equation:

Temp. Increase(°C) = 0.00111-Static Pressure (Pa)

d) calculating the reduction of the relative humidity in the air chamber for said temperature increase, according
to ASAE D271.2 standard, and
e) calculating the equilibrium moisture content of drying air based on ASAE D245.5 standard.

10. The procedure according to any of claims 8 to 9, wherein in predetermined time periods, the desired lower moisture

limit preset value is adjusted, bringing it closer to the desired upper moisture limit as said drying or re-humidification
stage progresses; wherein the setting of the desired moisture lower limit is carried out as follows:

taking the reading from said sensor means and obtaining the record for the current operating time of said air
blowing means since the beginning of this procedure, calculating the current drying % the process has achieved,
based on the following equation:

current operation time
P x100

current moisture adjustment percentage = -
total calculated control time

wherein said current moisture adjustment percentage allows said electronic control means to determine the
degree of progress of the moisture adjustment process of said bulk material, wherein a new desired lower limit
is selected from the group comprising:

- a new desired moisture lower limit = (Upper limit - 3) if the current moisture adjustment percentage is

within the range of 0 to 50%;
- a new desired moisture lower limit = (Upper limit - 1.5) if the current moisture adjustment percentage is

12
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within the range of 50 to 75%; and
- a new desired moisture lower limit = (Upper limit - 0.5) if the current moisture adjustment percentage is
within the range of 75 to 100%;

wherein if the current moisture adjustment percentage is less than 100%, the procedure proceeds again starting
the modeling and calculation, wherein a stage is selected according to the calculated moisture value based on
the prediction of the electronic control, according to said modeling and calculating means in said first lower layer
selected from said bulk material contained in said silo, based on the comparison of at least said new desired
moisture lower limit and said moisture upper limit with respect to said moisture value calculated based on said
prediction of said electronic control means according to said modeling and calculation means.

Patentanspriiche
1. Verfahren zur Feuchtigkeitsregelung in Getreiden, Samen und ahnlichem Schuttgut fiir dessen Anwendung in einer

Anlage fur Feuchtigkeitsregelung, wobei die genannte Anlage mindestens einen Silobehalter (1) fir Schittgut um-
fasst, wobei der genannte Silo Folgendes umfasst:
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einen flachen Grundboden (9), hergestellt aus einem starren Material, auf welchem die Umfassungswand (2)
des genannten Silos (1) platziert und gehalten wird,

einen erhéhten Boden (10) in Bezug auf den genannten Grundboden (9), enthalten innerhalb der Umfassungs-
wand (2) des Silos, wobei der genannte erhdhte Boden eine Vielzahl von Léchern (12) umfasst, welche Luft-
durchgange mit einer relativen Oberflache von 15% bis 30% der Gesamtflache des erhéhten Bodens (10)
definieren, wobei eine Luftkammer (18) zwischen dem genannten Grundboden (9) und dem genannte erhéhten
Boden (10) definiert wird,

ein Luftblasemittel (19) zum Blasen einer Luftstrdmung zur genannten Luftkammer (18), welches durch die
genannte Umfassungswand (2) verbunden ist,

ein Luftheizmittel (20), welches vor dem Eintritt der Luftstrdmung in die genannte Luftkammer (18) verbunden ist,
mindestens ein Lufttemperatursensormittel (25) in mindestens einem Temperaturmesspunkt, welcher sich in-
nerhalb der Luftkammer (18) befindet, und mindestens ein Temperatursensormittel (23), welches sich aulRerhalb
des genannten Silos befindet und mindestens ein Sensormittel der relativen Raumluftfeuchtigkeit (24), welches
sich auBerhalb des genannten Silos befindet,

ein elektronisches Steuermittel (21), welches mit dem genannten Luftblasemittel (19), mit dem genannten Luft-
heizmittel (20), mit dem genannten Temperatursensormittel (25), welches sich innerhalb der Luftkammer (18)
befindet, mit dem genannten Lufttemperatursensormittel (23), welches sich aulerhalb des genannten Silos
befindet, und mit dem genannten Sensormittel der relativen Raumluftfeuchtigkeit (24), welches sich aufierhalb
des genannten Silos befindet, betriebsfahig verbunden ist;

wobei das genannte elektronische Steuermittel (21) ein Ausgangsdatenerfassungsmittel des genannten Tem-
peratursensormittels (25), welches sich innerhalb der Luftkammer (18) befindet, des genannten Lufttempera-
tursensormittels (23), welches sich auRerhalb des genannten Silos befindet, und des genannten Sensormittels
der relativen Raumluftfeuchtigkeit (24), welches sich auRerhalb des genannten Silos befindet, ein Sollwerter-
fassungsmittel zur Erfassung einer gewlinschten Feuchtigkeit des Schittguts und ein Modellierungs- und Be-
rechnungsmittel zur pradiktiven Modellierung der Feuchtigkeits- und Temperaturanderungen des Schittguts
und zur Berechnung der Einschalt- und Ausschaltzeiten, und zum Betreiben der Leistungssteuerung des ge-
nannten Luftblase- und -heizmittels, beinhaltet,

wobei das Verfahren Folgendes umfasst: das Feststellen einer Schichtaufteilung des im genannten Silo (1)
enthaltene Schiittguts, so dass dadurch eine Vielzahl von Schichten von Schiittgut bestimmt wird;

das Messen der Ausgangsfeuchtigkeit mindestens der unteren Schicht der genannten Vielzahl von Schichten
von Schttgut;

das Erfassen der genannten Ausgangsfeuchtigkeit mindestens der genannten unteren Schicht in dem genann-
ten Ausgangsdatenerfassungsmittel des genannten elektronischen Steuermittels (21);

das Erfassen eines gewtinschten Feuchtigkeitswerts im Schittgutim genannten Sollwertdatenerfassungsmittel
des genannten elektronischen Steuermittels (21);

dadurch gekennzeichnet, dass das Verfahren zuséatzlich Folgendes umfasst: das Messen der Ausgangstem-
peraturwerten mindestens der unteren Schicht der genannten Vielzahl von Schichten von Schittgut;

das Erfassen der genannten Ausgangstemperaturwerte mindestens der genannten unteren Schicht im genann-
ten Ausgangsdatenerfassungsmittel des genannten elektronischen Steuermittels (21);

das Feststellen eines Zirkulationsdurchflusses von Luft aus dem genannten Luftblasemittel (19);
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das Erfassen des genannten Zirkulationsdurchflusses von Luft im genannten Ausgangsdatenerfassungsmittel
des genannten elektronischen Steuermittels (21);

das Bestimmen mittels des genannten pradiktiven Modellierungs- und Berechnungsmittel eines Feuchtigkeits-
bereichs umfassend eine untere gewilinschte Feuchtigkeitsgrenze der unteren Schicht und eine obere ge-
wiinschte Feuchtigkeitsgrenze der unteren Schicht, wobei die genannten Grenzen basierend auf einem vorge-
gebenen Toleranzbereich um den genannten erfassten gewtlinschten Feuchtigkeitswert im Schittgut herum
erhalten werden;

das Bestimmen mittels des genannten pradiktiven Modellierungs- und Berechnungsmittel der Aktivierung eines
Schritts, ausgewahlt aus der Gruppe umfassend einen Trocknungsschritt, einen Aufrechterhaltungsschritt und
einen Wiederbefeuchtungsschritt;

wobei der genannte Schritt gemaR dem Feuchtigkeitswert der genannten ausgewahlten ersten unteren Schicht
der im Silo enthaltenen Getreiden ausgewahlt wird, basierend auf dem Vergleich der genannten gewilinschten
unteren Feuchtigkeitsgrenze und der genannten oberen Feuchtigkeitsgrenze in Bezug auf den genannten
Feuchtigkeitswert der genannten ersten unteren Schicht;

das Erfassen der relativen Raumfeuchtigkeit mittels des genannten Sensormittels der relativen Raumfeuchtig-
keit (%) (24) und der Raumtemperatur (°C), welche durch das genannte Raumtemperatursensormittel (23)
erhalten wird, welcher das genannte Schittgut ausgesetzt wird,

das Berechnen mittels des genannten elektronischen Steuermittels des Gleichgewichtsfeuchtigkeitsgehalts
(EMC, Equilibrium Moisture Content) des genannten Schiittguttyps, als Indikator des Feuchtigkeitsgehalts bei
welchem sich das genannte Schiittgut im Laufe der Zeit stabilisieren wird;

das Feststellen der Aktivierung des genannten Luftblasemittels (19) und des genannten Luftheizmittels (20)
basierend auf der Lufttemperatur und dem Gleichgewichtsfeuchtigkeitsgehalt (EMC) des Schuttguts, und dem
im genannten Sollwerterfassungsmittel gespeicherten gewtinschten Feuchtigkeitswert, und basierend auf einer
Vielzahl von Tabellen oder Gleichungen, welche die Lufttemperatur in der Luftkammer, den EMC, die relative
Raumfeuchtigkeit und die Raumtemperatur in Beziehung setzen.

Verfahren nach Anspruch 1, wobei das genannte Luftblasemittel (19) einen Zentrifugalgeblase umfasst, mit einem
Luftdurchfluss abh&ngig vom Schiittgutgewicht im Bereich von circa 1 bis 2 m3/(min.t), und das genannte Luftheiz-
mittel (20) einen Gasbrenner umfasst.

Verfahren nach Anspruch 1, wobei der genannte Grundboden (9) aus Beton hergestellt ist und die genannte Vielzahl
von Léchern runde Lécher mit etwa 4 mm Durchmesser umfasst.

Verfahren nach Anspruch 1, wobei das genannte Lufttemperatursensormittel (25) in mindestens einem Tempera-
turmesspunkt, welcher sich innerhalb der Luftkammer befindet, etwa 90 Grad nach links oder nach rechts in Bezug
auf den Zugang der durch das Luftblasemittel (19) geblasene Luft platziert ist.

Verfahren nach Anspruch 1, wobei der genannte Trocknungsschritt die Aktivierung des genannten Luftblasemittels
und, wenn die berechnete Temperatur und der EMC die Trocknung nicht erlauben, des genannten Heizmittels
umfasst, und in welchem dieser Trocknungsschritt aktiviert wird, wenn der Feuchtigkeitswert der genannten ersten
unteren Schicht von Schiuttgut gréRer als die genannte obere Feuchtigkeitsgrenze ist.

Verfahren nach einem der Anspriiche 1 oder 5, wobei der genannte Aufrechterhaltungsschritt die Aktivierung des
genannten Luftblasemittels umfasst und wobei der genannte Aufrechterhaltungsschritt aktiviert wird, wenn der ge-
nannte Feuchtigkeitswert der genannten ersten unteren Schicht von Schittgut innerhalb des von den genannten
oberen und unteren Feuchtigkeitsgrenzen bestimmten Bereichs liegt.

Verfahren nach einem der Anspriiche 1 oder 5 bis 6, wobei der genannte Wiederbefeuchtungsschritt die Aktivierung
des genannten Luftblasemittels umfasst, wenn die berechnete Temperatur und der EMC die Wiederbefeuchtung
erlauben, und wobei dieser Wiederbefeuchtungsschritt aktiviert wird, wenn der genannte Feuchtigkeitswert der
ersten unteren Schicht von Schiittgut unter der genannten unteren Feuchtigkeitsgrenze liegt.

Verfahren nach einemder Anspriiche 1 oder 5 bis 7, wobei der genannte Trocknungsschritt, Aufrechterhaltungsschritt
und Wiederbefeuchtungsschritt das periodische Berechnen der Temperatur- und Feuchtigkeitsverdnderung jeder
Schicht der genannten Vielzahl von Schichten umfassen, basierend auf dem Temperaturwert des genannten Tem-
peratursensors in der genannten Luftkammer (18), und auf der relativen Raumluftfeuchtigkeit und dem Tempera-
turwert der genannten Sensormittel (24, 25), welche sich aulRerhalb des genannten Silos befinden, ohne dass es
nétig ist, zusatzliche Feuchtigkeitsmessungen in der genannten ersten Schicht des Schiittguts durchzufiihren, unter

14



10

15

20

25

30

35

40

45

50

55

EP 2 803 926 B1

Bestimmung, mittels der Verwendung des genannten Modellierungs- und Berechnungsmittels, des Fortschrittsgra-
des im aktiven Schritt, bis der genannte Schritt den 100%igen Fortschritt erreicht, und zusatzlich unter Verwendung
von Gleichgewichtsgleichungen umfassend,

mindestens eine Warmebilanzgleichung zwischen der Luft und dem Schiuttgut;

mindestens eine Massenbilanzgleichung zwischen der Luft und dem Schittgut, und

mindestens eine Gleichgewichtsgleichung zwischen dem Gleichgewichtsfeuchtigkeitsgehalt (EMC) des Schittguts
und der relativen Gleichgewichtsfeuchtigkeit (ERH) der Luft.

Verfahren nach einem der Anspriiche 1 oder 5 bis 8, wobei das genannte Mittel zur Modellierung und Berechnung
derEinschalt- und Ausschaltzeiten des genannten Luftblasemittels (19) sowie zum Betreiben der Leistungssteuerung
des genannten Luftheizmittels, die folgenden Schritte durchfihrt:

a) das Berechnen des Temperaturanstiegs und der Abnahme der relativen Feuchtigkeit in der Luftkammer (18)
des Silos, welche von der Reibung des Geblases hervorgerufen werden, wenn die Zirkulation der Luft durch
das Getreide gezwungen wird;

b) das Berechnen des geschatzten Luftwiderstands (statischen Drucks) basierend auf dem Luftdurchfluss, dem
Schittguttyp und der Hohe der Schiittgutmasse, gemaf der ASAE D272.3 Norm;

c) das Berechnen der Temperaturerhdhung gemaR der folgenden Gleichung:

Temperaturerhdhung (°C) = 0,00111-statischer Druck (Pa)

d) das Berechnen der Verringerung der relativen Feuchtigkeit in der Luftkammer fir die genannte Tempera-
turerhhung, gemal der ASAE D271.2 Norm, und

e) das Berechnen des Gleichgewichtsfeuchtigkeitsgehalts der Trocknungsluft basierend auf der ASAE D245.5
Norm.

10. Verfahren nach einem der Anspriiche 8 bis 9, wobei der vorgegebene Wert der gewlinschten unteren Feuchtig-

keitsgrenze in vorbestimmen Zeitspannen eingestellt wird, so dass er naher an die gewlinschte obere Feuchtig-
keitsgrenze wahrend der genannte Trocknungs- oder Wiederbefeuchtungsschritt fortschreitet; wobei das Bestimmen
der gewiinschten unteren Feuchtigkeitsgrenze wie folgt durchgefiihrt wird:

das Ablesen des genannten Sensormittels und das Erhalten der Erfassung fir die aktuelle Betriebszeit des
genannten Luftblasemittels seit dem Anfang dieses Verfahrens, unter Berechnung der aktuellen vom Prozess
erreichten Trocknung, basierend auf der folgenden Gleichung:

D ktuelle Betriebszeit
Prozent aktueller Feuchtigkeitseinstellung = axduetic Dellebszel x100

berechnete Gesamtregelzeit

wobei das genannte Prozent aktueller Feuchtigkeitseinstellung erlaubt, dass das genannte elektronische Steu-
ermittel den Fortschrittsgrad des Feuchtigkeitseinstellungsprozesses des genannten Schiittguts bestimmt, wo-
bei eine neue gewlinschte untere Grenze aus der Gruppe umfassend:

- eine neue gewlnschte untere Feuchtigkeitsgrenze = (obere Grenze - 3), wenn das Prozent aktueller
Feuchtigkeitseinstellung innerhalb des Bereichs von 0 bis 50% liegt;

- eine neue gewlinschte untere Feuchtigkeitsgrenze = (obere Grenze - 1,5), wenn das Prozent aktueller
Feuchtigkeitseinstellung innerhalb des Bereichs von 50 bis 75% liegt; und

- eine neue gewlinschte untere Feuchtigkeitsgrenze = (obere Grenze - 0,5), wenn das Prozent aktueller
Feuchtigkeitseinstellung innerhalb des Bereichs von 75 bis 100% liegt;

ausgewahlt wird,

wobei, wenn das Prozent aktueller Feuchtigkeitseinstellung weniger als 100% ist, das Verfahren erneut mit
dem Beginn der Modellierung und der Berechnung vorgeht, wobei ein Schritt gemaR dem berechneten Feuch-
tigkeitswert ausgewahlt wird, basierend auf der Voraussage der elektronischen Steuer-, Modellierungs- und
Berechnungsmittel in der genannten ersten unteren Schicht, ausgewahlt aus dem genannten im genannten
Silo enthaltenen Schuttgut, basierend auf dem Vergleich mindestens der genannten neuen gewinschten un-
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teren Feuchtigkeitsgrenze und der genannten oberen Feuchtigkeitsgrenze in Bezug auf den genannten Feuch-
tigkeitswert, welcher basierend auf der genannten Voraussage des genannten elektronischen Steuermittels
gemal dem genannten Modellierungs- und Berechnungsmittel berechnet wird.

Revendications
1. Procédé pour le contréle de ’humidité dans des grains, des graines et des produits en vrac similaires a étre appliqué

dans une installation pour le contréle de I'humidité, ladite installation comprenant au moins un réservoir silo (1) de
produit en vrac, ledit silo comprenant :
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un sol de base plate (9) fait de matiére rigide sur lequel la paroi périmétrale (2) dudit silo (1) est positionnée et
maintenue,

un sol élevée (10) par rapport audit sol de base (9), contenu dans la paroi périmétrale (2) du silo, dans lequel
ledit sol élevé comprend une pluralité de trous (12) définissant des conduits d’air avec une surface relative de
15% a 30% de la surface totale du sol élevé (10), une chambre a air (18) étant définie entre ledit sol de base
(9) et ledit sol élevé (10),

un moyen de soufflage de I'air (19) pour souffler un courant d’air vers ladite chambre a air (18) connecté a
travers ladite paroi périmétrale (2),

un moyen de réchauffement de I'air (20) connecté avant I'entrée du courant d’air dans ladite chambre a air (18),
au moins un moyen capteur de la température de I'air (25) dans au moins un point de lecture de température
situé au sein de la chambre a air (18), et au moins un moyen capteur de la température (23) situé a I'extérieur
dudit silo et au moins un moyen capteur de 'humidité relative dans I'air ambiant (24) situé a I'extérieur dudit silo,
un moyen de contrdle électronique (21) connecté de maniére fonctionnelle audit moyen de soufflage de I'air
(19), audit moyen de réchauffement de l'air (20), audit moyen capteur de la température (25) situé a l'intérieur
de la chambre a air (18), audit moyen capteur de la température de I'air (23) situé a I'extérieur dudit silo, et
audit moyen capteur de 'humidité relative de I'air ambiant (24), situé a I'extérieur dudit silo ;

ledit moyen de contréle électronique (21) comportant un moyen d’enregistrement de données initiales dudit
moyen capteur de la température (25) situé a l'intérieur de la chambre a air (18), dudit moyen capteur de la
température de I'air (23) situé a I'extérieur dudit silo, et dudit moyen capteur de I'humidité relative de I'air ambiant
(24) situé a I'extérieur dudit silo, un moyen d’enregistrement de valeurs souhaitées pour enregistrer un humidité
souhaitée du produit en vrac et un moyen de modélisation et de calcul pour modéliser de maniére prédictive
les changements d’humidité et de température du produit en vrac et calculer les temps de marche et arrét, et
exploiter le contréle de puissance desdits moyens de soufflage et de réchauffement de l'air,

dans lequel le procédé comprend I'établissement d’une division de couches du produit en vrac contenu dans
ledit silo (1), déterminant ainsi une pluralité de couches de produit en vrac ;

mesure de I’humidité initiale d’au moins la couche de fond de ladite pluralité de couches de produit en vrac ;
enregistrement de ladite humidité initiale d’au moins ladite couche de fond dans ledit moyen d’enregistrement
de données initiales dudit moyen de contrdle électronique (21);

enregistrement d’'une valeur d’humidité souhaitée dans le produit en vrac dans ledit moyen d’enregistrement
de valeurs souhaitées dudit moyen de contréle électronique (21) ;

caractérisé en ce que le procédé comprend en outre la mesure des valeurs de température initiale d’au moins
la couche de fond de ladite pluralité de couches du produit en vrac,

enregistrement desdites valeurs de température initiale d’au moins ladite couche de fond dans ledit moyen
d’enregistrement de données initiales dudit moyen de contréle électronique (21),

établissement d’'un débit de circulation d’air provenant dudit moyen de soufflage de I'air (19),

enregistrement dudit débit de circulation d’air dans ledit moyen d’enregistrement de données initiales dudit
moyen de contrdle électronique (21),

détermination par ledit moyen prédictif de modélisation et de calcul d’'une plage d’humidité comprenant une
limite d’humidité de la couche de fond souhaitée inférieure et une limite d’humidité de la couche de fond souhaitée
supérieure, lesdites limites obtenues basées sur une plage de tolérances préétablies autour de ladite valeur
d’humidité souhaité enregistrée dans le produit en vrac,

détermination par ledit moyen prédictif de modélisation et de calcul de I'activation d’'une étape choisie parmi le
groupe comprenant une étape de séchage, une étape de maintenance et une étape de réhumidification,
dans lequel ladite étape est choisie selon la valeur d’humidité de ladite premiére couche de fond choisie des
grains contenus dans le silo, sur la base de la comparaison de ladite limite d’humidité inférieure souhaitée et
de ladite limite d’humidité supérieure par rapport a ladite valeur d’humidité de ladite premiére couche de fond,
enregistrement de 'humidité relative ambiante par le biais dudit moyen capteur de 'humidité relative ambiante
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(%) (24) et la température ambiante (°C) obtenue par ledit moyen capteur de la température ambiante (23) a
laquelle est exposée ledit produit en vrac,

calcul par le biais dudit moyen de contrdle électronique du dégrée d’humidité d’équilibre (EMC) dudit type de
produit en vrac, comme indicateur du degré d’humidité auquel ledit produit en vrac se stabilisera au fil du temps ;
établissement de I'activation dudit moyen de soufflage de I'air (19) et ledit moyen de réchauffement de I'air (20)
sur la base de la température de l'air et le dégrée d’humidité d’équilibre (EMC) du produit en vrac, et la valeur
d’humidité souhaitée stockée dans ledit moyen d’enregistrement de valeurs souhaitées, et sur la base d’'une
pluralité de diagrammes ou équations qui rattachent la température de I'air dans la chambre a air, 'EMC,
'humidité relative ambiante et la température ambiante.

Procédé selon la revendication 1, dans lequel ledit moyen de soufflage de I'air (19) comprend un ventilateur cen-
trifuge, avec un débit d’air dépendant du poids du produit en vrac dans la plage d’environ 1 & 2 m3/min.t), et ledit
moyen de réchauffement de I'air (20) comprend un brileur a gaz.

Procédé selon la revendication 1, dans lequel ledit sol de base (9) est fait en béton et ladite pluralité de trous
comprend des trous circulaires d’environ 4 mm de diamétre.

Procédé selon la revendication 1, dans lequel ledit moyen capteur de la température de I'air (25) dans au moins un
point de lecture de température situé a I'intérieur de la chambre a air est positionné a environ 90 degrés a gauche
ou a droite par rapport a I'entrée de I'air soufflé par le moyen de soufflage de I'air (19).

Procédé selon larevendication 1, dans lequel ladite étape de séchage comprend I'activation dudit moyen de soufflage
de l'air et, lorsque la température calculée et TEMC ne permettent pas le séchage, ledit moyen de réchauffement,
et dans lequel cette étape de séchage est activée sir la valeur d’humidité de ladite premiére couche de fond de
produit en vrac est supérieure a ladite limite d’humidité supérieure.

Procédé selon 'une quelconque des revendications 1 ou 5, dans lequel ladite étape de maintenance comprend
I'activation dudit moyen de soufflage de I'air et dans lequel ladite étape de maintenance est activée lorsque ladite
valeur d’humidité de ladite premiére couche de fond de produit en vrac est a l'intérieur de la plage déterminée par
lesdites limites d’humidité supérieure et inférieure.

Procédé selon 'une quelconque des revendications 1 ou 5 a 6, dans lequel ladite étape de réhumidification comprend
I'activation dudit moyen de soufflage de I'air lorsque la température calculé et 'TEMC permettent la réhumidification,
et dans lequel cette étape de réhumidification est activée si ladite valeur d’humidité de la premiére couche de fond
de produit en vrac est inférieure a ladite limite d’humidité inférieure.

Procédé selon 'une quelconque des revendications 1 ou 5 a 7, dans lequel ladite étape de séchage, ladite étape
de maintenance et ladite étape de réhumidification comprennent le calcul périodique de la variation de 'humidité
et la température de chaque couche de ladite pluralité de couches, sur la base de la valeur de température dudit
capteur de la température dans ladite chambre a air (18), et sur la valeur de température et humidité relative de
I'air ambiant desdits moyens capteurs (24, 25) situés a I'extérieur dudit silo, sans le besoin de mesures d’humidités
additionnelles dans ladite premiére couche du produit en vrac, en déterminant par I'utilisation dudit moyen de
modélisation et de calcul le degré de progrés dans I'étape active, jusqu’a ce que ladite étape atteigne un progrés
de cent pour cent, et en utilisant en outre des équations d’équilibre comprenant,

au moins une équation de bilan thermique entre l'air et le produit en vrac,

au moins une équation de bilan massique entre l'air et le produit en vrac, et

au moins une équation d’équilibre entre le dégrée d’humidité d’équilibre (EMC) du produit en vrac et 'humidité
relative d’équilibre (ERH) de I'air.

Procédé selon I'une quelconque des revendications 1 ou 5 a 8, dans lequel ledit moyen de modélisation et calcule
du temps de marche et arrét dudit moyen de soufflage de I'air (19) ainsi que d’exploitation du contrdle de puissance
dudit moyen de réchauffement de I'air, réalise les étapes suivantes de :

a) calcul de I'élévation de température et de la chute de 'humidité relative dans la chambre a air de silo (18)
causeée par la friction du ventilateur lorsque I'on force la circulation de I'air a travers le grain ;

b) calcul de la résistance d’air estimée (pression statique) sur la base du débit d’air, du type de produit en vrac
et de la hauteur de la masse de produit en vrac, selon la norme ASAE D272.3;

c) calcul de 'augmentation de température selon I'équation suivante :
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augmentation de température (°C) = 0,00111 - pression statique (Pa)

d) calcul de la réduction de 'humidité relative dans la chambre a air pour ladite augmentation de température
selon la norme ASAE D271.2, et
e) calcul du dégrée d’humidité d’équilibre de I'air de séchage sur la base de la norme ASAE D245.5.

10. Procédé selon I'une quelconque des revendications 8 a 9, dans lequel dans des périodes de temps prédéterminées,
la valeur préétablie de limite d’humidité inférieure souhaitée est ajusté, en la portant plus pres de la limite d’humidité
supérieure souhaitée au fur et a mesure que I'étape de séchage ou de réhumidification progresse, dans lequel
I'établissement de la limite inférieure d’humidité souhaitée est réalisée comme suit :

on prend la lecture dudit moyen capteur et on obtient I'enregistrement du temps de fonctionnement actuel dudit

moyen de soufflage de I'air depuis le début de ce procédé, on calcule le % de séchage actuel atteint par le
procédé, sur la base de I'équation suivante :

temps de fonctionnement actuel

pourcentage d'ajustement de I'humidité actuelle = x 100

temps de controle total calculé

dans lequel ledit pourcentage d’ajustement de I'humidité actuelle permet que ledit moyen de contréle électro-
nique détermine le degré de progrés du procédé d’ajustement de 'humidité dudit produit en vrac, dans lequel
une nouvelle limite inférieure souhaitée est choisie parmi le groupe comprenant :

- une nouvelle limite inférieure d’humidité souhaitée = (limite supérieure - 3) si le pourcentage d’'ajustement
de 'humidité actuelle se trouve dans la plage de 0 a 50% ;

-une nouvelle limite inférieure d’humidité souhaitée = (limite supérieure - 1,5) si le pourcentage d’'ajustement
de 'humidité actuelle se trouve dans la plage de 50 a 75% ;

-une nouvelle limite inférieure d’humidité souhaitée = (limite supérieure - 0,5) si le pourcentage d’'ajustement
de 'humidité actuelle se trouve dans la plage de 75 a 100% ;

dans lequel si le pourcentage d’ajustement de 'humidité actuelle est inférieur a 100%, le procédé procéde a
nouveau en recommencgant la modélisation et le calcul, dans lequel une étape est choisie selon la valeur
d’humidité calculée sur la base de la prédiction du contrble électronique, selon ledit moyen de modélisation et
calcul dans ladite premiéere couche inférieure choisie parmi ledit produit en vrac contenu dans ledit silo, sur la
base de lacomparaison d’au moins ladite nouvelle limite inférieure d’humidité souhaitée et ladite limite supérieure
d’humidité par rapport a ladite valeur d’humidité calculée sur la base de ladite prédiction dudit moyen de contréle
électronique selon ledit moyen de modélisation et de calcul.
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