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ABSTRACT

The agricultural sector of the economy increases the production
of oil crops. Demand for vegetable oils is growing worldwide.
Prices of oil crops are comparatively higher than for grain crops.
Despite the increase in production costs, the profitability of the
cultivation of oil crops determines the growth trend in their
production and processing volumes. The processing industry is
one of the main and largest users of oilseeds. In Ukraine, the main
oil crops are sunflower, soybean and rapeseed, and linseed. In
Ukraine, including the region of Western Polissya, more and more
attention is paid to the cultivation of linseed. The main value of
linseed is in the seed, so it is important to obtain high quality
seeds when growing this crop. Weather conditions can cause
increased crop moisture. Excessive seed moisture content during
storage has a very negative effect on seed quality, leading to
deterioration and, as a result, significant losses at the stage of
post-harvest processing and storage, which leads to the need for
artificial drying. The purpose of the study is to substantiate the
most rational drying regimes of linseed by modeling drying
process, ensuring high productivity and quality of the seeds,
avoiding undesirable excessive energy costs. Experimental studies
were carried out using the developed experimental equipment.
For the study, linseed of the variety «Southern Nighty, which was
obtained by harvesting in a single-phase method, was used. Then,
linseed was cleaned. The initial moisture content of linseed was
14.3%. Linseed drying was carried out at drying agent
temperatures of 35, 45, 55 and 65°C. The air flow rate in the
drying chamber was 1.9-2.0 m/s and the thickness of the linseed
layer was 2 cm. A drying process models of bulk materials are
summarized in the article. The coefficients of the drying process
models were obtained as a result of a non-linear regression
analysis carried out using SPSS 17.0 software. The accuracy of
drying process models and their comparison was assessed. The
obtained mathematical model of the linseed drying process takes
into account the following parameters: type of drying, interaction
of the seed with the drying agent, moisture content of the seed
layer.
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AHOTAIIA

Aepapnuii cexmop exoHOMIKU 30i1bUyE SUPOOHUYMBO ONIIHUX
xynomyp. Ilonum na pocaunni onii 3spocmac y ecoomy ceimi. Llinu
Ha ONIUHI KyIbmypu euwyi, Hidxc Ha 3eprogi. Tlonpu 3pocmanus
cobieapmocmi  azponpolykyii, peHmaberbHiCmb BUPOWYBAHHS
ONIUHUX KYAbMYP BUBHAYAE MEHOeHYilo 3pocmanus 0bcszie ix
supobHuymea ma nepepodnenus. llepepobrna npomucnogicme €
OOHUM [3 OCHOBHUX | HAUOLILWUX CNOJNCUBAYIE ONIUHUX KYIbMYP.
B Vxpaiui ocnoenumu onivinumu Kyrnemypamu € COHAWHUK, CO5,
pinax, nvon. B Yxpaini, 3o0xkpema y 3axionomy Ionicci, éce binvuse
yeazu npuoiiaemvcsa BUPOULYBAHHIO TbOHY ONiliHo20. (OcHo8HA
YIHHICMb JIbOHY ONIUHO20 NOJNA2AE 8 HACIHHI, MOMY ni0 uac
BUPOWYBAHHS YI€l KYIbMYPU BANCIUGO OMPUMAMU  HACIHHSA
sucokoi  axkocmi. 1locoOHi ymosu ModxCyms  CHpUYUHUMU
nioguweny sonocicms Hacinua. Haomipna eonozicmov macinusa nio
yac 30epicanns Oyjice He2AMUGHO GNIUGAC HA AKICMb HACIHHA,
CHpUYUHSAE 1020 NCYBAHHA I, AK HACAIOOK, 3HAYHI 6Mpamu Ha
emani nicaa3douparvHoco 0bpobrennss ma  30epieanHs, WO
CRPUYUHSIE HeOOXIOHOCMI WmyYH020 CYWinHs Hacinusa. Mema
OO0CHIOMNHCEHH — WIAXOM  MOOENOBAHH  NpOYecy  CYUIIHHA
00TpYHmMYy8amu HAUOIIbUW PAYIOHATILHI PENCUMU CYUIIHHS HACIHHSA
JILOHY, WO 3abe3neuyiomsv BUCOKY NPOOYKIMUBHICMb Mda SAKICMb
HACIHHSA, YHUKAIOYU HeOAX CAHUX HAOTUWKOBUX GUMPAM eHepail.
Excnepumenmanvui  0ocnioscents npogoounu Ha po3pooienill
yemanosyi. J[nst 00CniodcenHs SUKOPUCTNOBYBANU NbOH OJIIHULL
copmy «llig0enna muiuy, wo ompumanull WIAXOM 30UPAHHS
npamum Komobatinysannam. Ilovamrkosa 6onocicmos HACIHHA JIbOHY
cmanosuna 14,3%. Cywinna HaciuHa JbOHY NPOGOOUNU 34
memnepamypu cywiunvHoeo azenma 35, 45, 55 ma 65°C.
Llguoxicms nomoxy nosimpsi 8 CYWUIbHIL Kamepi CmaHosuna
1,9-2,0 wm/c, moswuna wapy avony — 2 cm. YV cmammi
V3A2anbHEHO MOOeni npoyecy CYWIHHA CUNKUX Mamepianie.
Koedghiyieumu moodeneit npoyecy cywinns Oyau ompumaui 3a
Ppe3yibmamamu HeiHiliH020 pecpecitiHozo ananizy, Wo nPoeeoeHo
3a 0onomozoio npocpamuozo 3abvesnevenns SPSS 17.0. Oyineno
mounicms Mooeneli npoyecy CyulinHs.
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INTRODUCTION AND PROBLEM
STATEMENT

In Ukraine, the agricultural sector of the
economy increases the production of oil crops.
Demand for vegetable oils is growing worldwide.
Prices of oil crops are comparatively higher than
for grain crops. Despite the increase in production
costs, the profitability of the cultivation of oil
crops determines the growth trend in their
production and processing volumes.

The processing industry is one of the main
and largest users of oil crop seeds. Their products
— vegetable oils, meal, and cakes — provide a
fairly significant share of foreign exchange
earnings from agricultural exports. Between 2010
and 2018, the production of vegetable oil
processing companies almost doubled. About 6.2
million tons of vegetable oil were produced, and
vegetable oil export was 6 million tons. Therefore,
determining the effectiveness of Ukraine’s export
of oil crop seeds and their processed products in
the conditions of modern integration processes is
an urgent problem.

In Ukraine, the main oil crops are sunflower,
soybean and rapeseed, and linseed. In Ukraine,
including the region of Western Polissya, more
and more attention is paid to the cultivation of
linseed. Linseed is an agricultural crop of great
economic importance. In different branches of
economy, it is possible to use stems, straw, seeds,
linseed cake. However, the main purpose of
cultivation of linseed is to obtain oil, which,
depending on the linseed variety, can contain
about 50% in flax seeds (Didukh, 2002). The main
value of linseed is in the seed, so it is important to
obtain high quality seeds.

Weather conditions can cause increased crop
moisture. Excessive seed moisture content during

L =

a

storage has a very negative effect on seed quality,
leading to deterioration and, as a result, significant
losses at the stage of post-harvest processing and
storage, which leads to the need for artificial
drying. The study of the drying process of various
plant materials, especially a dense layer of bulk
seed material, has been carried out by a number of
scientists (Mujumdar, 2006; Yaschuk & Kirchuk,
2011; Didukh et al., 2013; Yaschuk et al., 2013).

Research on harvesting and post-harvest
processing of flax is mainly related to the study of
the properties of flax components, seed cleaning
problems, as well as drying of flax and flax straw,
and is mainly devoted to fibre flax (Didukh et al.,
2008; Dudarev & Kirchuk, 2011). Insufficient
attention has been paid to the study of harvesting
and post-harvest processing of linseed.

The Goal of the Study is to substantiate the
most rational drying regimes of linseed by
modeling seed drying process, ensuring high
productivity and quality of the seeds, avoiding
undesirable excessive energy costs.

MATERIALS AND METHODS

Experimental studies were carried out using
the developed experimental equipment (Fig. 1).
For the study, linseed of the variety «Southern
Night», which was obtained by harvesting in a
single-phase method, was used. Then, linseed was
cleaned. The initial moisture content of linseed
was 14.3%. The experimental equipment worked
as follows: air was pumped by a fan and heated by
a heater; the heated air was supplied to the drying
chamber by a flexible pipe. The sample of linseed
was placed in the drying chamber of experimental
equipment. The heater was equipped with a
regulator for the temperature of the heated air.

- linseed

- drying agent

Fig. 1 — Experimental equipment for linseed drying:
a — scheme of the equipment (1 — fan; 2 — heater; 3 — flexible branch pipe; 4 — drying chamber;
5 — section with linseed); b — drying chamber
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RESULTS AND DISCUSSION

Linseed drying was carried out at drying
agent temperatures of 35, 45, 55 and 65°C. The air
flow rate in the drying chamber was 1.9-2.0 m/s
and the thickness of the linseed layer was 2 cm.
The results of the experimental studies are
summarized in the graph shown in Fig. 2.

As a result of the reference analysis (Doymaz
& Pala, 2003; Cihan et al. ,2007; Yadollahinia et
al., 2008; Rafiee Sh et al., 2009), mathematical
models of drying process of bulk materials are
summarized in Table 1.

In Tablel, the parameters are as follows: MR
— coefficient of initial moisture content of the bulk
material; a, b, ¢, k, n — coefficients determined by
the properties of a bulk material, and the initial
parameters of a bulk material, and drying modes;

16

t — drying time, min.
Coefficient of initial moisture content of bulk
material was calculated by Equation:

MR = =i (1)

where Winm. — initial moisture content of bulk
material, %; Wm — moisture content of bulk
material at drying time t, %.

The coefficients of the drying process models
presented in Table 1 were obtained as a result of a
non-linear regression analysis carried out using
SPSS 17.0 software (Fig. 3). The experimental
data of linseed drying was accurately reproduced
by these drying process models (Fig. 4).

14
12
10

Linseed moisture content, %
[#2e]

35°C
45°C
55°C
65°C
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Fig. 2 — Diagram of linseed moisture content during the drying process at different drying agent temperatures

Table 1 —Mathematical models of drying process of bulk materials

Mathematical models of drying process

Model equation

! 2
Newton MR = e
Henderson-Pabis MR = ae
Page MR ="
Modified Page MR = e 0"

Logarithmic

MR =ae ™ +¢

Wang and Singh

MR =1+ at + bt?

Midilli

MR =ae " +hbt
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Fig. 3 — Calculation of the coefficients of the drying process models using the SPSS 17 software:
a — setting the calculation parameters; b — calculation results
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Fig. 4 — Diagrams obtained from different linseed drying process models
at a drying agent temperature of 45°C

The accuracy of drying process models and
their comparison was assessed using three
indicators: coefficient of determination, sum of
squared errors and standard mean square error. As
a result of the comparison, the Midilli model was
found to be the most accurate in this case. The
calculated accuracy indicators for the Midilli
model are shown in Table 2.

Coefficient of determination was calculated
by Equation:

N
Z(MRCaI.,i - Iv”:\)ex.,i )2
i=1
- 5 ,

Z(MRp - IVIRex.av.,i )2

R?2=1

)

where MRcai — calculated quantity; MRex,; —
experimental quantity; MR.c..; — experimental
average quantity; N — observation number.

Sum of squared errors was calculated by
Equation:

N
Z (MRcaI.,i - MRex.,i)2

i=1

SSE =1-

5 ©

Standard mean square error was calculated by
Equation:

RMSE = 4)
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The coefficients (a, b, k, n) of the Midilli
model, which accurately reproduces the kinetics
of the linseed drying process, are summarized in

Table 3.

The results of numerical modeling (Fig. 5)

showed that the Midilli model reproduces possible
drying modes. The simplicity of the modelling
makes it possible to use modelling for a wide
class of tasks in the management of drying
processes in convective dryers.

Table 2 — Calculated accuracy indicators for the Midilli model

Mathematical Temperature of Coefficient of Sum of squared Standard mean
model drying agent, °C determination R? errors SSE square error RMSE
1 2 3 4 5
35 0.999 0.567 0.000
S 45 0.999 0.616 0.000
Midill 55 0.999 0.680 0.001
65 0.999 0.755 0.001

Table 3 — Coefficients of the Midilli model

Temperature of
drying agent, °C

Coefficients of the Midilli model MR = ae’ktn + bt

a b k n

1 2 3 4 5
35 1.000 0.003 0.029 1.088
45 1.002 0.001 0.063 0.831
55 1.001 0.001 0.148 0.643
65 1.001 0.001 0.284 0.567

1,0

0,8

0,6

0,4

0,2

Coefficient of moisture content (MR)

:0.029*x**1 .088) +0.003*

7 352€

B
fl.o01*exp(-0 284‘x"0.5§7) +0.001*9 450C

T 359%€
e 65°C

3 10 15

20 25 30

Drying time, min

Fig. 5 — Results of numerical modeling of the linseed drying process using
the Midilli model at different drying agent temperatures
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CONCLUSIONS

The obtained mathematical model of the
linseed drying process takes into account the
following parameters: type of drying, interaction
of the seed with the drying agent, moisture
content of the seed layer. The characteristics of
the model must be agreed with the experimental
results. Temperature, humidity and speed of the
drying agent affect the duration of seed drying. It
is necessary to find such a drying mode, that the
best technological properties of the seeds can be
obtained with the minimum drying time and the
lowest heat consumption.
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