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This work is devoted to the research and substantiation of the technology of drying sunflower seeds
and the development of technological and technical proposals for the creation of drying equipment that would
ensure work on this crop, both in seed and food modes.

The technological value of sunflower seeds is determined by their oil content. Therefore, it is important
to preserve the quantity and quality of oil. Under optimal drying conditions, the oil content in sunflower seeds
increases. Therefore, the question of selecting technological equipment for the drying process arises.

Analysis of the mechanical and technological parameters of series-produced dryers showed that these
machines are mainly intended for the processing of grain crops. The disadvantages of well-known mine grain
dryers are low moisture removal during one pass of the material through the dryer, overheating of the seed
and a decrease in its quality in the area of contact with the surface of the intake boxes, increased fire hazard.
Drum grain dryers when drying sunflower seeds are very fire-hazardous and do not allow obtaining seeds
with uniform moisture content, and the use of high-temperature modes leads to a decrease in the sowing
gualities of seeds due to overheating. When drying sunflower seeds in recirculation type dryers, it is very
important to evenly distribute the seeds over the entire cross-section of the chamber, as well as to prevent the
accumulation of oil dust in the heating chamber and to eliminate the ingress of sparks from the furnace into
the heating chamber. One of the promising methods of drying bulk materials is the method of drying in a
vibrating fluidized bed, which can be achieved on vibrating dryers of various types.

A number of experiments were conducted to substantiate the technological and technical proposals
for the process of drying sunflower seeds and to determine the operating parameters of the dryer. Based on
the results, graphs were constructed. The results of the research proved the expediency and necessity of using
vibrating dryers during drying of sunflower seeds. The best parameters of the infrared radiation drying process
with a selected wavelength of 1,5-3,0 um , a sunflower seed layer height of 15 mm, and a heat flow density of
IR radiation were found. 5 kW/m 2, the height of the placement of the IR generator blocks relative to the layer
of the irradiated product is 25 mm, while the drying time will be 11 minutes.
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Fig. 5. Ref. 8.

1. Problem formulation

The main oil crop in Ukraine is sunflower. Fresh sunflower seeds cannot be stored for a long time. It
contains a large number of proteins and fats, which undergo chemical changes under the influence of high air
humidity, low temperature and contamination, which leads to its spoilage.

For long-term storage, sunflower seeds with no more than 2% dirt should be stored, dried to critical
humidity (6...7%) and cooled to low positive temperatures. The duration of storage under such conditions is
3...6 months, if the temperature of the dried seeds before storage or during the first 15 days of storage is reduced
to 0...10 °C.

Sunflower seeds with a moisture content of less than 12% awaiting drying can be temporarily placed
in warehouses equipped with active ventilation, and those with a moisture content of more than 12% must be
dried immediately.

The technological value of sunflower seeds is determined by their oil content. Therefore, it is important
to preserve the gquantity and quality of oil. In the drying process, either synthesis or decomposition of fat
components can occur. The direction of these transformations depends on the humidity of the seed, on the
temperature and duration of its heating. Under optimal drying conditions, the oil content in sunflower seeds
increases. Associated substances contained in the seeds pass through the oil: phosphatites , carotenoids, sterols,
waxy substances.
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The most important process in oil seed production technology is drying, the quality of the future oil
and seed material depends on the execution of this process. However, the available domestic drying agents do
not meet all the requirements, because they do not take into account the features of sunflower seeds, which are
significantly different from grain, in particular, low flowability, especially seeds with high moisture content,
low mechanical strength of the husk, increased porosity of the seed mass and, especially important, the fire
hazard of sunflower seeds [1].

Timely drying of sunflower seeds will make it possible to preserve its nutritional value for a long time.
Seeds can be dried in different types of drying machines, the drying mode depends on its initial humidity and
oil content.

2. Analysis of recent research and publications

Analysis of the mechanical and technological parameters of series-produced dryers showed that these
machines are mainly intended for the processing of grain crops.

During the drying of sunflower seeds in mine dryers, it is necessary to initially clean them of weedy
impurities, as they can lead to clogging of the dryer and its ignition. Most of the seeds intended for storage are
dried in dryers of this type. Seeds with high moisture content can be dried twice , and often three times in such
a drying apparatus . At the same time, the flow of processing is disturbed, which causes difficulties in working
with the seeds that come in again. As a result of the uneven movement of the mine sections during its treatment
with hot air, the seed heats up unevenly, the temperature difference can be up to 10 °C. This is due to the fact
that seeds move more slowly near the walls of the mines than in the center. In addition, the insufficient
throughput of the dryer can lead to overheating of some of the seeds. To prevent this from happening, a
horizontal partition, usually a metal one, is placed over the partition of the superdrying hopper, which is located
above the air distribution chamber [2].

The disadvantages of well-known mine grain dryers are low moisture removal during one pass of the
material through the dryer, overheating of the seed and reduction of its quality in the area of contact with the
surface of the water boxes, increased fire hazard, and the impossibility of processing the mass of sunflower
seeds with high humidity and clogging in one pass through the mine.

Of all mine dryers for drying sunflower seeds, it is most rational to use paired dryers. They can dry
seeds using different technologies, depending on their initial moisture content. If the moisture content of the
seeds is less than 15%, then the sunflower seeds are dried in one step, according to the drying-cooling scheme,
while both devices function in parallel. If the humidity is in the range of 15-20%, the seeds are sequentially
passed through both devices according to the scheme of drying-laying-drying-cooling, while the fan of the
cooling zone of the first dryer is not used. If the moisture content of the seeds is more than 20%, the cooling
shaft of the first device is used as a dryer by connecting it to the furnace [1].

In the oil and fat industry, drum dryers with different drying modes depending on the moisture content
of raw seeds are used for drying seeds. The temperature of the drying agent (heated air) should be as high as
the humidity of the sunflower seeds.

Drying of seeds in drum-type dryers is carried out in a layer of spilled seeds by blowing it with hot air.
At the beginning of drying, the temperature of the drying agent , depending on the moisture content of the
seeds, is kept at 250 - 350 °C, at the exit from the dryer — 50 - 80 °C. On average, drying sunflower seeds in
drum dryers takes 15-20 minutes.

The disadvantage of using drum dryers is the partial destruction of the husk and the loss of seeds. Rigid
drying regimes lead to uneven heating and overdrying of the seed, to an increase in its fat content.

Drum grain dryers when drying sunflower seeds are very fire-hazardous and do not allow obtaining
seeds with uniform moisture content, and the use of high-temperature regimes leads to a decrease in the sowing
qualities of seeds due to overheating [3, 4]. Recirculating dryers, unlike direct-flow dryers, allow you to dry
seeds with different moisture content in one cycle. The technology of drying seeds in recirculation dryers with
heating chambers in the falling layer consists in alternating short-term heating of seeds in an upward flow of
hot air at a temperature of 250 - 350 °C laying of heated seeds, their cooling and recirculation. With this
method, simultaneously with the drying of the seed, it is cleaned of weedy impurities. High-temperature drying
of sunflower seeds in recirculating grain dryers has a positive effect on oil quality indicators. When seeds are
heated in the dryer to 60...70 °C, the acid value decreases, and at lower heating temperatures (up to 50 °C) - a
slight increase in the acid value of the oil. However, the acid value of the oil decreases at temperatures above
70 °C, and the decrease in this indicator is greater, the higher the seed heating temperature. But at higher
temperatures of seed heating, there is an increase in injury due to overdrying of the fruit membrane.
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When drying sunflower seeds in recirculation type dryers, it is very important to evenly distribute the
seeds over the entire cross-section of the chamber, as well as to prevent the accumulation of oil dust in the
heating chamber and to eliminate the ingress of sparks from the furnace into the heating chamber, since dryers
of this type are fire-hazardous.

The advantage of drying seeds in ventilated bunkers is their simplicity and long service life. Soft drying
modes prevent injury to sunflower seeds. However, this method of drying is much longer than others, and is
characterized by uneven drying of the seeds. To avoid this, the fan must be periodically turned off, and the
seeds should be thoroughly mixed.

With benzopyrin may occur. At the same time, it is noted that an increase in exposure to drying leads
to a sharp increase in benzopyrin in sunflower seeds. Thus, when improving the technology and technical
means of drying sunflower seeds, the processing products of which are food for humans, it is necessary to take
into account the conditions for the entry of carcinogenic substances into the seeds and prevent their formation
during the drying process.

At the same time, the developed drying equipment does not meet all the technological features of
sunflower drying, both for seed purposes and for commercial production (obtaining oil) [1, 2, 4, 6]. In this
regard, solving the problems of substantiation and development of technology, design and recommendations
for drying equipment intended for drying sunflower seeds is one of the urgent tasks of the national economy.
Its solution can guarantee the reduction of seed losses during post-harvest processing and ensure quality
preservation of the material.

At the same time, increasing productivity, reducing the unevenness of drying and the risk of fire in
drying plants, preserving the nutritional and sowing qualities of seeds with minimal energy consumption are
important related tasks in solving this problem. The complexity of their implementation lies in the
methodological lack of calculation of the necessary parameters that take into account the specific and
technological properties of the mass of sunflower seeds (oiliness, fluidity and clogging).

3. Aim of the researches

The purpose of research. Research and substantiate the need for technological and technical proposals
for the creation of drying vibration equipment.

4. Results of the researches

One of the promising methods of drying bulk materials is the method of drying in a vibrating fluidized
bed, which can be achieved on vibrating dryers of various types. However, due to the relatively long drying
time of some materials, the best are drying units created on the basis of vibrating conveyors, which, compared
to other dryers, allow to significantly increase the time the material stays in one unit.

Vibrating fluidized bed can be created in devices of a wide variety of designs by impacting the bulk
material of the vibrating bottom, walls or additional partitions, as well as with the help of special vibrators
placed directly in the drying chamber or outside. The use of devices that create a vibrating fluidized bed makes
it possible to improve the mixing of the material and thereby increase the value of heat and mass transfer
coefficients several times.

Numerous studies have shown that the properties of a layer of loose material with an increase in the
intensity of the vibration effect change significantly at the beginning of the separation of the parts from each
other and from the vibrating surface on which these parts are located [5, 6, 7].

Initially, with an increase in the oscillating motion in the vibrating container, the layer is compacted,
which reaches its maximum value at accelerations of 9,8-10 m/c%. With a further increase in a , the layer
expands and in its condition resembles a boiling layer during its blowing by a gas flow.

In a vibrating fluidized bed, particles of the same size, but with different densities, are mixed. However,
for a polydisperse material with the same density of particles, separation is observed with an increase in the
content of significant particles in the upper part of the layer. Gas permeability mostly depends on the
dispersion, humidity and height of the material layer. The amplitude and acceleration of the parts also affect
the pressure drop y layers. With the same vibration accelerations, the lower the frequency, the greater the
pressure drop in the material layer can be obtained.

The action of the vibration field makes it possible to simultaneously transport products in the working
area and create a vibrating-boiling layer of material, and the technological impact is directed directly at the
products being dried or at the gas environment in which they are located.
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The basic design -technological diagram of a vibrating drying unit with IR emitters (Fig. 1.) consists
of a drying vibrating chamber 9, a perforated grid 13, a vibrator 4, an IR emitter 12, a fan with an electric
motor, a nozzle and a vibrating feeder [2].
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Fig. 1. Design and technological scheme of the vibrating installation:
1 — frame; 2 — spring; 3 — container body; 4 — imbalances ; 5 — electric motor; 6 — coupling;
7 —unbalanced shaft; 8 — protective shields; 9 — dividing wall; 10 — loading neck; 11 — discharge neck;
12 — IR emitter; 13 — cold air supply nozzle.

The working chamber had two U-shaped chutes 9, the chamber was attached to the frame by four
springs 2. The vibrator consisted of two shafts 7 on which four imbalances were mounted, two of which were
movable. The shafts were driven by direct current electric motors 5 through elastic couplings 6. The electric
motors were connected to one control resistor, which ensured oscillation of the vibrating chamber along a
circular trajectory.

The use of a U-shaped bottom and oscillations along a circular path ensures the helical movement of
dispersed material during its intensive loosening, mixing and increasing the uniformity of drying along the
height of the material layer. The material was fed into the first chute of the cylayer by an electromagnetic type
vibratory feeder and exits from it through a nozzle with a latch that regulates the height of the outlet opening.

A number of experiments were conducted to substantiate the technological and technical proposals for
the process of drying sunflower seeds and to determine the operating parameters of the dryer. Based on the
results, graphs were constructed. The analysis of the curves (Fig. 2) showed that the drying time of the product
from the initial moisture content of 18.9% to the final moisture content of 7%, at a distance from the IR emitter
to the product layer of 25 mm, with a heat flux density of 5 kW/m? , with increasing height of the sunflower
seed layer from 15 mm to 25 mm increases by 14 min, at a distance from the IR emitter to the product layer of
40 mm, increases by 13 min.

From the analysis of the curves (Fig. 3), it can be seen that the drying time of sunflower seeds from
the initial humidity of 18,9% to the final humidity of 7%, for the height of the sunflower seed layer of 25 mm,
the distance from the IR emitter to the product layer of 25 mm, with an increase in the heat flow density (the
factor that most affects the drying time of sunflower seeds) from 3,64 to 5 kW/m?decreases for 15 min, for the
height of the sunflower seed layer of 15 mm, the distance from the IR emitter to the product layer of 25 mm,
with an increase in the heat flux density with 3,64 to 5 kW/m? decreases in 25 min

To determine the optimal drying modes, the minimum of the initial parameter was adopted as an
optimization criterion, since the intensification of the drying process of sunflower seeds, taking into account
the quality of the finished product, consists in minimizing the drying time.

The analysis of the results showed that the height of the layer of sunflower seeds in the dryer should
be 15 mm, the distance from the IR emitter to the layer of sunflower seeds should be 25 mm, and the heat flux
density of IR radiation should be 5 kW/m?.

From the analysis of the curves (Fig. 4), it can be seen that the moisture content of sunflower seeds
during the entire drying process decreases over time according to a linear law. The rate of moisture removal at
a heat flow density of 4,32 kW/m? is dU/dt = 0,50-0,55 %/min, at a heat flow density of 5 kW/m? ,
du/dt = 0,95-1,00 %/min (Fig. 2), for a heat flow density of 3,64 kW/m? dU/dt = 0,33-0,38 %/min (Fig. 3).
Thus, knowing the initial moisture content of sunflower seeds, it is possible to determine the drying time of
the material to the final moisture content depending on the heat flux density at the selected optimal values of
the height of the sunflower seed layer and the distance from the IR emitter to the product layer. These data can
be used during the engineering calculation of the drying apparatus for sunflower seeds.
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Fig. 2. Graph of the dependence of sunflower seed humidity on time for the height of the
sunflower seed layer 15 mm (curve 1 and 3), 25 mm (curve 2 and 4), the distance from the IR emitter to
the sunflower seed layer 40 mm (curve 1 and 2), 25 mm (curve 3 and 4) and for the heat flux density of

the IR emitter of 5 KW/m?.
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Fig. 3. Graph of the dependence of sunflower seed humidity on time for the height of the
sunflower seed layer 15 mm (curve 1 and 3), 25 mm (curve 2 and 4), the distance from the IR emitter to
the layer of sunflower seeds 25 mm and the heat flux density of the IR emitter 3,64 kW/m? (curve 1 and 2)
and 5 kW/m? (curve 3 and 4).

A rapid increase in temperature in the center of the sunflower seed was noted over time (Fig. 5). The
temperature on the surface of sunflower seeds also rises, but somewhat more slowly. Thus, a temperature
gradient occurs in the material. Figure 5 shows that during the entire drying process, the temperature difference
between the center and the surface of the seed remains constant and amounts to 4-5 °C.

During infrared drying of sunflower seeds with a wavelength of 1.5 - 3.0 um , the directions of moisture
movement coincide both as a result of moisture conductivity and thermal moisture conductivity.

The performance of infrared emitters with a wavelength of 1.5-3.0 microns is determined by the fact
that it corresponds to the frequency of natural oscillations of the water molecule in the seed nucleus, which
during irradiation is selectively heated and resonantly evaporates.

Mathematical processing of experimental data makes it possible to conclude that the heat flux density
factor of IR radiation has the greatest influence on the drying process. The next most important factor is the
initial moisture content of sunflower seeds. The influence of factors such as the height of the seed layer and
the distance from the IR emitter to the sunflower seed layer is insignificant and approximately the same.
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Fig. 4. Graph of the dependence of sunflower seed humidity on time for the height of the
sunflower seed layer of 15 mm, the distance from the IR emitter to the sunflower seed layer of 25 mm, and
the heat flux density of the IR emitter of 4,32 kW/m?.
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Fig. 5. Temperature curves of the drying process of sunflower seeds with a height
of the product layer in the dryer of 15 mm, the distance from the IR emitter to the seed layer of
25 mm, the heat flux density of IR radiation - 5 kW/m?; 1 — the initial moisture content of the core is 16%;
2 — initial surface moisture 16%; 3 — the initial moisture content of the core is 19%; 4 — initial surface
humidity of 19%.

During the infrared drying of sunflower seeds, the movement of tightly bound moisture from the
colloidal core of the seed to the surface of the wet shell with open pores occurs, and then the intensive removal
of weakly bound surface moisture from the capillary-porous shell occurs. During drying, there is no cracking
of the seed coat, which has high hygroscopicity and moisture, which is twice the moisture of sunflower seeds,
and which serves as mechanical protection against the action of microorganisms, organic weedy impurities.
The porous shell of the seed remains moist because the moisture that evaporates from the inside (during the
movement from a hotter body to a less heated one) is freely removed to the atmosphere through the open pores.

5. Conclusions

The results of the research proved the expediency and necessity of using vibrating dryers during drying
of sunflower seeds, and it was established that during IR drying with a wavelength of 1,5 — 3,0 um , the
moisture content of the product during the entire drying process decreases over time according to a linear law,
with this coincides with the directions of moisture movement both as a result of moisture conductivity and
thermal moisture conductivity. During drying, the seed coat does not crack. The best parameters of the infrared
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radiation drying process were found with a selected wavelength of 1,5-3,0 um, a sunflower seed layer height

of 15 mm, a heat flux density of IR radiation of 5 kW/m?, and the height of the IR generator blocks relative to
the layer of the irradiated product. - 25 mm, while the drying time will be 11 minutes.
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MOJIEJIOBAHHS ITPOLIECY BIBPAIIIMHOI'O CYIIIHHSA COHSIIIHUKY

Lio pobomy npucesueno 00caioAHceHtIo il OOIPYHMYBAHHIO MEXHON02IT CYUIHHA HACIHHS COHAUWHUKY
ma po3poONeHHIO MEXHOIO2IYHUX [ MEeXHIYHUX NPONno3uyil 3i CMEOPEHHS CYUWIUTbHOI MeXHIKU, KA 6
3abe3neyysana pobomy Ha Yiti Kyibmypi, K Y HACIHHEBOMY, MAK i 8 NPOOOBOILUOMY PEHCUMAX.

Texnonociuna yiHHiCMb HACIHHA COHAUWHUKY GU3HAYAEMbCS 1020 oniunicmio. Tomy eadiciuso
30epeemu KinbKicme i akicme onii. 3a onmuManbHUX pexcumie CyUliHHA Micm ONii 8 HACIHMI COHAWHUKY
s0invuyemoca. Tomy unuxae numanHsa niobopy mexHono2iuH020 00NAOHAHHA OJisl NPOBEOeHHs Npoyecy
CYWLIHHA.

AHaniz mexaniko-mexHoN02iYHUX NApaAMempie Cyuapox, wjo cepiliHo UNYCKAIOMbCS, NOKA3A8, WO Yi
MAWUHY NPU3HAYEHi, 8 OCHOBHOMY, Ol 00poOKU 3epHosux Kyabmyp. Heodonixamu eidomux waxmHux
3EPHOCYUAPOK € HUZbKE B0A0203HIMAHHA 34 OOUH NPONYCK MAMepiany uepe3 CYWapky, nepecpieé Hacinus i
SHUICEHHS! U020 SAKOCMI 8 30HI KOHMAKMY 3 NOBEPXHEI0 Ni0GIOHUX KOPOoOi8, Ni0SUWEeHA NOXCeNCOHeDe3neKd.
bapabanni 3eprocywapku npu cywinHi HACIHHA COHAWHUKY 8eTbMU NONHCEHCOHEDe3Ne i ma He 0aromb 3M02U
ompumyeamu O0OHOpIOHe 3a B0]02ICMI0 HACIHHA, A BUKOPUCMAHHA BUCOKOMEMNEPAMYPHUX PEeHCUMIB
npU3600UMb 00 3HUNCEHHST NOCIGHUX sIKOCmell HACIHHA 6i0 nepeepigy. I1i0 wac eucyutyeanus HACIHHSA
COHAWMUKY 8 CYULAPKAX PEYUPKYIAYTUHO20 MUY OYHCE 8ANCTUBO PIBHOMIPHO POZNOOLIAMU HACIHHS HO 8CHLOMY
nepepisy Kamepu, a mMakoxtc He OONYCKAMU CKYNYEHHS ONIUHO20 MUY 8 KAMepi HAZPIBAHHA ma ycysamu
NOMPAnJisiHHs ICKOp 13 monku 6 kamepy naepieantsi. OOHUM i3 NEPCHEKMUBHUX CNOCODI8 CYUIIHHS CUNYYUX
mamepianie € cnocib CywiHHsA y IOPOKUNIAYOMY wapi, AKuil Mmodxce Oymu O00CseHymuil Ha 6iOpayitiHux
CYUIapKax pizHo20 muny.

st 00TpyHMYSAHHA MEXHONOSTUHUX | MEXHIYHUX NPORO3UYIT NPOYeCy CYULTHHS HACIHHS COHAUWHUKY
Ma BUBHAYEHHSI PEeNCUMHUX Hnapamempie pobomu cywapku O0y10 npogedeno pso excnepumenmis. Ilo
pe3yibmamax AKux Oyro nobdyoosaui epagiku. Pezynbmamu Odocniodxcens 3acgiouunu OoyinvHicms i
HeoOXIOHICMb BUKOPUCMAKHA BIOPAYIUHUX CYWAPOK NI0 4AC CYUWIHHA HACIHHA COHAWHUKY.. 3HANOEeHO
HauKkpawi napamempu npoyecy CyuinHs iHhpauepeoHumM SUNPOMIHIOBAHHAM i3 BUOLIEHOIO O0BHCUHOK) XGUIE
1,5-3,0 mxm., 6ucomoro wiapy HACiHHA COHAWHUKY 15 mm, 2ycmunoro meniogozo nomoky 14-eunpominoganus
5 kBm/Mm?, eucomoro posmiwenns 6nokie I9-cenepamopie 8iOHOCHO wWapy ONPOMIHIOBAHOZO NPOOYKIY —
25 mm, npu yvomy wac cywinus 6yoe cmanoeumu 11 xe.

Kniouoei cnosa: consawnux, cywintsa, cyuapra, 80102iCmos, KOHMeEUHeD, eleKmpoO0sUsyHt, KOAUBAHHS,
8ibpayis.

Puc. 5. JIim. 8.
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