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Experimental studies and mathematical model of the
rapeseed seed drying process

The article shows the features of the drying oilseed crops technology, in particular rapeseed. The results
of laboratory studies on drying rapeseed are presented, and the possibility of mathematical modeling and
calculation is considered. Experimental studies of the drying process were carried out and a numerical
experiment was carried out to obtain a mathematical model of heat treatment and dehydration of rapeseed in a
thin layer.
rapeseed, drying agent, humidity, mathematical model, drying kinetics

Formulation of the problem. In Ukraine, interest in such an oilseed crop as rapeseed
increases and decreases — it all depends on the external market and weather conditions.
However, be that as it may, this is a common crop for domestic elevators, so the study of
post-harvest processing of rapeseed is an actual task in the future.

It is important to remember that rapeseed seeds with a moisture content above 8%
must be stored with mandatory systematic (at least once a day) control of the temperature of
the grain mass, recording the results in a journal. Heat transfer in seed mass is almost 100
times less than that of air, so regular temperature measurements must be taken at various
points to ensure proper control. The combination of high humidity and temperature during
storage can cause spoilage and self-heating. If it is not possible to dry, then it is necessary to
at least provide active ventilation, since humidity and ambient temperature also adjust the
shelf life. Under unfavorable circumstances, the development of mold fungi will begin
immediately. Fungi that develop seed mold is a constant component of the microflora not
only of rapeseed. And as soon as a nutrient medium is created or a warm and humid climate,
large colonies of mold fungi are formed. Therefore, you should not hesitate, rapeseed should
be stored until drying with active ventilation, and if it is not possible to form a large batch, dry
immediately and in portions.

For high-quality post-harvest seed treatment, it is necessary to ensure optimal
conditions for the drying process. Based on experimental data, it is possible to theoretically
select rational parameters that provide the most effective and high-quality drying conditions
by performing a numerical experiment for various initial conditions.

Analysis of the latest research and publications. Post-harvest treatment of rapeseed
begins with cleaning. Seeds are usually purified from impurities in two stages. During the first
stage, large and light impurities are separated, and in the second stage — impurities of other
crops, etc. It is the best to use a cleaning machine for these purposes that combines
mechanical sieving and air flow cleaning.

Rapeseed is an oilseed crop, so it is better not to load it into the grain dryer with
garbage. Debris can cause fires in the grain dryer. Before drying, rapeseed should be cleaned
to basic values (Fig. 1). In addition to safety, such cleaning makes it possible to save gas
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consumption (you don’t have to dry the garbage). Cleaning should be done in several stages.
For cleaning, a 3.0 mm sieve is used to remove large impurities. Sieve with opening size 1.0
or 1.2 — for separating weed seeds.

- Moisture —8,0%

Basic indicators of
rapeseed

Figure 1 — Indicators of weediness in rapeseed seeds
Source: based on [1]

It is not recommended to store rapeseed for a long time at high humidity. Therefore, it
is not always possible to accumulate large quantities of this crop and dry it in a stream. More
often you have to do this in portions. As a rule, rapeseed is supplied for drying with different
humidity levels — from 8.5% to 18—19%. When a batch of rapeseed accumulates to about 500
tons, then the grain dryer is started in the flow. Otherwise, drying is portioned [1].

Drying rapeseed is the most labor-intensive and responsible process in drying
technology. Primarily because wet grain (classification of rapeseed is shown in Fig. 2)
contains a high percentage of oil and protein and has a high risk of spontaneous combustion.
In addition, it must be dried with extreme care so that the protein does not curl. However,
there are rules that must be followed when drying with any dryer. In particular, this applies to
temperature conditions.

Rapeseed is dried at a drying agent temperature of 50—60 °C, then the culture does not
lose viability. Accordingly, when working with rapeseed, the dryer’s productivity is 60-70%
lower compared to drying grains. If up to 6% of moisture can be removed from sunflowers in
one pass, then everything needs to be done in stages and 2—3% of moisture must be removed
in the first pass. In the future, the amount of interest withdrawn can be increased, since the
rapeseed will be less wet [2—6].

Attention should be paid to the fluidity of rapeseed. Rapeseed is like “water”, prone to
fluidity, so before loading the grain dryer, you must check and eliminate any cracks, loose
connections, etc. This is especially important for shaft dryers, since the junction of the boxes
with the walls of the shaft may not be tight. and increased gaps between the bends of the
boxes and the walls of the shafts can lead to material losses. It is also necessary to adjust the
unloading mechanism.

Saving energy resources when drying rapeseed is the main objective of the study. The
main disadvantages of existing types of dryers include uneven drying of the material,
uncontrollability of drying duration, and ineffective use of the energy potential of the drying
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agent. It is possible to partially eliminate these disadvantages by using the proposed rapeseed
dryer.

Formulation of the objective. The purpose of the work is to study the kinetics of the
rapeseed seed drying process, describe it theoretically, create a mathematical model and
automate the calculation process, which will allow us to determine the most optimal initial
drying parameters.

Classification of rapeseed

Mass fraction of | Glucosinolates, kilo mol/gram
Seed class erucic acid in oil, ' not more
% no more in the seed | in the seed meal

C e DCm )Cm)

In dry matter

Figure 2 — Classification of rapeseed

Source: based on [1]

Presentation of the main material. For an experimental study of the process of
drying rapeseeds, a developed laboratory installation was used (Fig. 3). The installation
consists of a fan, heater, flexible connection, drying chamber with cassettes for material.

The installation works as follows: atmospheric air is supplied by a fan to the heater,
heated to a temperature set by the regulator and supplied via a flexible connection to the
drying chamber, in which numbered cassettes with samples are placed one above the other.
The drying agent moves through cassettes with rapeseed samples installed in the specified
sequence from bottom to top.

For drying, samples of material with a known initial moisture content and mass were
poured into the cassettes.

Drying was carried out for an initial relative humidity of the material of 11% and
15.5% at a heated air temperature of 60—-65°C and 45-50°C, respectively. At regular intervals,
the mass values in each cassette were recorded, according to which the humidity was
determined and graphs of changes in humidity over time were constructed (Fig. 4).

To calculate the process of drying rapeseeds, a stepwise method was used [3,8,9],
described by a system of differential equations:

X 43600y Lot Cu 00 rwr OW 1 (1)

or ox vy C, €0t y,-C,-& Ot 100
a—W:M-(%+36OO-V-%j; )
or 10-y,, \ ot Ox

160



ISSN 2414-3820 KoHcTpyroBaHHS, BUPOOHHIITBO Ta €KCILTyaTallisl CLUTECBKOrOCIIoAapchkux MartvH, 2023, purt. 53

a.
24_3600.1/.@:_4—71”.@_9); (3)
T ox V- Cy-€

ow
—=-K-W-w |, 4
—=k-w,) @

where ¢ — drying agent temperature °C;

d — moisture content of the drying agent, g/kg of dry air;
W — material moisture, %;

0 — grain temperature °C;

V — speed of drying agent, m/s;

Ci— heat capacity of material and air, kJ/kg °C;
e — porosity of the material layer;

r"— latent heat of vaporization of water, kJ/kg;
a4~ heat transfer coefficient, kcal/kg-h, °C;

7— volume mass of material, kg/m3;

y,— specific gravity of air, kg/m3;

K — drying coefficient, 1/h;

W,— equilibrium grain moisture %o;

x — spatial coordinate, m;

7— time, h.

Figure 3 — Installation for studying the process of drying rapeseeds
Source: developed by the authors

These equations reflect the law of conservation of energy and matter during the drying
process, the law of heat and mass transfer between the material and the drying agent. Based
on equations (1-4), the drying process of a thin layer of material over a period of time At is
described by an algebraic system of equations:
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where ¢ — thickness of thin layer, m.
When calculating, the average diameter of one seed is taken as the thickness of the thin
layer. The drying coefficient K [8, 9] depends on the properties of agricultural materials and

the drying regime. It was established based on experimental data obtained during drying of
rapeseeds (Fig. 4).).
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Figure 4 — Change in seed moisture content during drying in a pilot plant (a) with an initial
humidity of 11% and a drying agent temperature of 60—65°C and (b) with
an initial humidity of 15.5% and a drying agent temperature of 45-50°C
Source: developed by the authors
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For a thin layer of material, its temperature and the temperature of the drying agent are
related by the relation:

9: i i , (9)

where ¢, ,, t; — the temperature of the drying agent at the entrance to the i-th layer and

at the exit from it, °C.

Equation (8) allows you to exclude equations (3) and (7) from the calculation, and
carry out the calculation without taking into account the heat transfer coefficient and
temperature difference.

Thus, for the i-th thin layer in the time interval (j-1)-At- j-At the solution of system (5)
— (8) for the material parameters initial at time (j-1)-At: humidity Wi, j-ii temperature 6;;.1, as
well as the parameters of the drying agent at the entrance to the i-th layer (temperature t;_; j,
moisture content di.; ;) determines the parameters of the drying agent at the exit from this layer
and the grain at the moment of time j-Ar.
t,=(-4)1,,+46,,-B-K-(W,

i,j ij-1

W,) At

di,j = di—l,j +L'(VVL;—1 - Wp);

10,2
VVi,j = VV;‘,_/fl _K'(VVi,jA _Wp)'AT;
t, —1,
49” = 12 ;
where
Cu B 0,01-7'

T102-C,-A7+05-Cy’ 102-C, Az +05-Cy,
The calculation of the drying process of a dense layer of rapeseed seeds is carried out
according to the scheme presented in Fig. 5.
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Figure 5 — Schematic diagram for calculating the drying process in a dense layer using
the stepwise method
Source: developed by the authors
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The described calculation method requires a large amount of computational work,
which creates significant difficulties in mass calculations. A numerical experiment was
carried out based on the developed software using Free Pascal/Lazarus IDE (Fig. 6).

The proposed model allows you to set the initial calculation parameters: the initial
humidity and temperature of the material, the height of its layer and the thickness of the thin
layer, the final humidity, moisture content, temperature and speed of movement of the drying
agent are specified. As a result of the calculation, the results were obtained (Fig. 6.a):
humidity and temperature of the material, as well as moisture content and temperature of the
drying agent for each thin layer of material at specified intervals. Based on the data obtained,
graphs were generated (Fig. 6.b).
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Figure 6 — Calculation of the drying process using the stepwise method:
a) calculation; b) plotting changes in humidity over thin layers of material
Source: developed by the authors

Conclusions. Based on the results of this work, experimental dependences of changes
in the moisture content of rapeseed seeds over time were obtained for different temperatures
of the drying agent and the initial moisture content of rapeseed seeds, on the basis of which
the drying coefficient was determined; the possibility of theoretical calculation of the process
of drying rapeseeds was considered, as a result of which an automatic calculation was
implemented using a stepwise method using a computer, which makes it possible to make
calculations, based on the results of which rational drying parameters can be adopted for a
given crop.

The well-known stepwise calculation method can be applied to calculate the kinetics
of the drying process using a computer and for other agricultural materials, for which it is
necessary to first take into account their thermophysical properties and determine
experimentally unknown coefficients. The reliability of the calculations is confirmed by
comparison with experimental data from a study of the process of drying seed material.
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P.B. Kipuyk, npod., kaun. Texs. Hayk, JL.IO. 3a6pogonska, mou., kaun. texd. Hayk, T.0. I'amoniok, acr.,
P.B.®epenu, acr.
Jhybkul HayioHanbHull mexHiunuil yHigepcumem, m. JIyyvk, Yrpaina
ExcnepuMeHTaNbHI JOCHIIKEHHS] Ta MaTeMaTH4YHA MOJe/Ib Npoluecy CyIIiHHS HaCiHHS
pinaky

3aranoM, JI0 Takoi OJIiHHOI KyJBTYpH SK PillaK iHTEPEC Y CBiTiI TO 301IBIIYETHCS, TO 3HUKYETHCS — BCE
3aJ€KHUTh Bl 30BHIIIHBOTO PHHKY Ta HOTOJHHMX YMOB. llenocuth mommpeHa KyJbTypa A BITYM3HSHHX
€JIeBaTopiB, TOMY JOCIIDKEHHS TPOIECIB MICII30MpaIbHOT0 OOpOOITKY pilaKky € akTyadbHUM 3aBIIaHHSM.
Mertoro po0OOTH € NOCHIIUTH KIHETHUKY INPOLECy CYLIIHHS HAciHHS pillaKy, ONMUcaTH i TEOPETHMYHO, CTBOPHUTH
MaTeMaTHYHy MOJENb 1 aBTOMATH3yBaTH MPOIEC PO3pPaxyHKy, IO HACThb 3MOTY BH3HAYWTH HaHOLIbII
pauioHaNbHI MOYaTKOBI MapaMeTpH CYLIiHHS.
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Jii  mpoBeNEHHS eKCIIEPUMEHTANbHUX JIOCTIDKEHb IIpoliecy CYIIiHHA HaciHHsA pimaky Oyio
pO3pO0JICHO Ta BUKOPHCTAHO JIabopaTOpHy ycTaHOBKY. OTprMMaHi eKCIIepUMEHTAILHUM YWHOM TapaMeTpH
npouecy CymiHHs Oyiau BHUKOPHCTaHI IIPM MaTeMaTHYHOMY MOJCIIOBAaHHI Ta NPOBEJCHHI YHCIOBOTO
eKcIIepuMeHTy. MaTemMaTHdHa MOJIeNIb CYIIIHHS TOHKOTO IIapy pillaky IPYHTYETHCS Ha 3aCTOCYBaHHI BiJOMOI
Teopii TemnI0-MacooOMiHy Ta METOY CTYIIHYATOr0 PO3PaxyHKY IpOLecy CymIiHHs. JJOCTOBIpHICTh pO3paxyHKiB
MiATBEP/UKYIOTECS  CITIBCTABICHHAM 3 pE3yJbTaTaMH eKCIIEPUMEHTY3 JOCHTIDKEHHS TMPOIecy CYIIiHHS
HACIHHEBOTO MaTepiaiy.

3a pe3ynpTaTamMu poOOTH OTPUMAHO EKCIIEPUMEHTAIbHI 3aJIeKHOCTI 3MIiHH BOJIOTOCTI HACIHHS pinmaky
BiJl 4acy Ausl PI3HMX TEMIIEpaTyp CYIIWJIBHOTO areHTy 1 IOYaTKOBOI BOJIOTOCTI HACiHHS, Ha OCHOBI SIKHX
BH3HAaUeHO KoedimieHT cymriaag. CTBOPEHO MAaTeMaTHYHY MOJENbh NPOIECY CYIIHHS HACIHHA pilaky, B
pe3ynbTaTi YOoro peaiizoBaHO aBTOMAaTHYHMN PO3paxyHOK CTYHIHYaTUM METOZOM 3a gonomoroio EOM, mo nae
MOJKITUBICTB MTPOBECTH OOYUCIICHHS, 32 PE3yIbTaTaAMH SIKHX MOKHA MTPUMMATH paIlioHaIbHI TapaMeTpH CYITiHHS
JUTSL 1aHOT KYJIBTYpH.

Jlany MoJzenb MOMKIIMBO 3aCTOCYBAaTH ISl PO3PaxyHKY KiHETHKH TPOIECY CYIIIHHA 1 JUIS iHIIHMX
CUIBCBKOTOCIIOIAPCHKUX MaTepialliB, Ul YOr0 HEOOXIIHO MONEPEeAHBO BPaxyBaTH iX TemIo(i3uuHi BIaCTHBOCTI
1 BU3BHAYUTH €KCTIEPUMEHTAIBHO HEBiZOMI KOe(illi€eHTH.
pinak, CylinjJbLHU areHT, BOJIOTiCTb, MATEMATHYHA MOJIeJIb, KiHeTHKA CYIIiHHS
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EneMenTH opraizaiiii onepamiiHux T€XHOJOT1 B
POCIMHHUIITBI 3 ypaxXyBaHHAM arpapHUX PU3UKIB

TemaTtuka mpeacTaBlIeHOi CTAaTTI OXOIUIIOE CHCTEMHE OIIHIOBAaHHS ONEpaliiHAX TEXHOJOTIH B Tamys3i
POCITMHHUIITBA, ¢ OJHUM 3 KIFOUYOBHX (DAaKTOPIB € IMOBIPHICTh HEAOOTPUMAHHS 3aIUIAHOBAHUX KiHIIEBHX
pe3yJIbTaTiB BUPOOHHUIITBA ITi/I BIUTMBOM arpapHUX pu3uKiB. OOTpyHTYBaHHS Ta BHOIP ONTHUMAIILHOT TEXHOJOTI1
BUPOIIYBaHHS Ta 30MPaHHs MEBHOI IPYIH CUTLCHKOTOCIONAPCHKUX KYJIbTYP € CKIAIHOI0 0araTOKpUTEPiaabHOIO
TEXHIKO-OpraHizamiifHoI0 3amadero. Ha mpakTuili JOCHTh 9acTO CIOCTEPIraloThCs BUITAJIKH, KO MaKCUMAaIIbHI
TEeXHIYHI, €KOHOMIYHI OpraHi3amiiiHi, TEXHOJIOTIYHI 3YCHWJUII Ta BUTPATH Y POCIMHHHUIITBI HE TPHUHOCATH
OUIKYBaHOTO 3aIIAHOBAHOTO PE3YJbTaTy IIOAO0 C(PEKTHBHOCTI CLIBCHKOTOCIOAAPCHKOrO BUPOOHUITBA. [lpn
bOMY IIOCTA€ aKTyajbHE MPAKTUYHE Ta MparMaTuvHe MUTAHHSI: YU JIOLILHO B CKJIAJAHUX EKOHOMIYHHX Ta
MNOJNITHYHUX yMOBaX CKOHOMIKM KpailHM BHKOPUCTOBYBAaTH MaKCHUMyM PECYPCHOrO, TEXHIYHOrO Ta
TEXHOJIOTIYHOTO 3a0€3MeYeHHsS BUPOOHUYMX IPOIECIB Yy POCIMHHHMIITBI, SKIIO CIiBBiIHOIICHHS «BHUTPATH —
OTPUMAHUIl pe3yabTaT) MOXKe OyTH HabaraTo MEHIIE OYiKyBaHHWX IUTAHOBHX IOKA3HUKIB, 1, MIPH I[OMY, Mae
Miclle 3HAaYHMH BIUIMB HEKEPOBAaHUX JIIOJAWHOIO  (AKTOpiB MIOJ0 BHUPOIIyBaHHS Ta  30WpaHHS
CLIBCHKOTOCIIOIAPCHKHUX KYJBTYP, TAKUX, SK HANPUKIAJA, arpoOKIIMAaTHYHI PU3UKU. BBaxkaemo, IO B TaKOMY
BapiaHTi, OUTBII IOMIJILHO OOMpaTH TEXHOJOTIl HaBiTh 3 MEHIIMM IOTEHIIaJOM PECYpPCHOTO 3a0e3leueHHS,
HarpasJjeHi Ha 301JbLIICHHS €KOHOMIYHOI CTIMKOCTI BUPOOHHUIITBA Y BHUITIA/IKaX HACTaHHS 30UTKOBUX BUPOOHHUYNX
PEe3yJIBTATIB ITiJ] BIUTMBOM arpOKIIMaTHYHUX PU3UKIB.

B nawiii myOnikanii miaHyBaHHS BUPOOHHYHX TMPOIECIB MIOJI0 OPraHi3allii onepariifHiX TEXHOJOTIH B
POCIMHHHIITBI PO3TIASHEMO Ha TPUKIANI TOPIBHIHHSA Ta BHOOPY ONTHUMAIBLHOTO, 32 YMOBH BpaxyBaHHS
arpoKJIiMaTHYHUX PU3UKIB, BapiaHTy, Ha IPUKJIA/i BUPOLIYBaHHS Ta 30MpaHHs 03UMOT MIISHULI.

TEXHOJIOTisl, pOCTHHHUITBO, PU3UK, TEXHOJOTiYHHUI Mpouec, onTuMizaiis, KpuTepii
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