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Y cmammi npedcmasneno pesyromamu excnepumen-
manvHux 00CHi0NCeHb 2i0P00UHAMIKU, MENL00OMINY
Qinvmpauiiinoeo cywinna 3epna nuwenuyi, pesyavma-
mu excnepumMeHmanvHux 00CaAi0¥ceHb npedcmaesaeHi y
6uzs0i Oe3posmipnux rxomniexcie. Ompumani pospa-
XYHKOBIL 3AeHCHOCMI 0151 BUIHAYMEHHS KOeDiuienmie 6ny-
mpiunboi Juysii 3anexncno 6i0 memnepamypu meno-
8020 azeHmy ma NOUAMK0B020 60J10208MiCMY 3epHA.
Busnaueno pauionanvni peicumu CYwinHs 0 HACIH-
HEB020 MA NP0O00BOJILHO20 3ePHA

Kmouosi crosa: 3epno nuenuui, 6on0208micm, 2iopo-
Junamixa, menaooomin, oudysis, Kinemuxa Cyminus
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B cmamve npedcmasnenst pesyaomamot SKCnepumen-
MATLHBIX UCCE008aAHUIL 2UOPOOUHAMUKL, MeNnTLo0OMeNna
Quaompayuonnoil cymxu 3epna nueHuyvl, pe3yavmanmol
IKCREPUMEHMANLHBIX UCCLE008AHUE NPEOCMABeHbL 8
eude Gespazmepnolx Komniexcos. Ilonyuennvie pacuem-
Hble 3a6UCUMOCMU O OnpedeieHus Kod3(pPuuuenmos
eHympennei oudysuu 6 3asucumocmu om memnepamy-
Pbl MENI0B020 A2eHMA U HAUANLHOZ0 8]1A20CO0EPIHCAHUS
3epra. Onpeodenenvl PpayuoOHaILHBIE PEHCUMBL CYUKU O
CeMeHH020 U NPOV0BOTLCMEEHH020 3ePHA

Kniouesvte cnoea: 3zepno nwenuupl, 6aazocodepica-
Hue, 2u0poouHamMuKa, menaiooomen, oudpyzus, Kunemu-
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1. Introduction

Wheat is one of the most important consumed and
widely spread food crops in the world. In recent years,
the area of winter wheat in Ukraine has accounted for
more than 50 % of all cereals [1]. In addition, in Western
Europe countries, the contribution of new varieties into the
winter wheat yield level gained in recent years, is 60 % [2].
Therefore, as the object to be investigated, we have chosen
the grain of winter wheat variety “Zolotokolosa” which is
put on the 2005 Register of Promising Plant Varieties of
Ukraine. An average yield of “Zolotokolosa”, according to its
originator (Institute of Plant Physiology and Generics, NAS
of Ukraine), over the trial period (2000-2004), equaled
86,1 dt/ha.

It is well-known that newly gathered grain easily gets out
of order; therefore the increase in grain production requires
constant improvement of treatment after gathering, where
drying stage is the final operation. This stage consumes 70 %
of energy of the whole technology. Thus, the development of
new methods of wheat grain drying and new drying tech-
nique is an urgent problem.

2. Problem statement

At the present stage of grain drying in Ukraine and
in the world, there is a need to intensify the grain drying
process, to create and develope highly-efficient and
environmentally-friendly technologies and equipment to
be used for grain desiccation. It is known that 8—10 %

of all energy available in the world are spent for drying
processes [3]. Selecting a method, an optimal mode and
design of a grain dryer depends on the material properties,
and has to preserve the qualities and properties of wheat
grain, with energy resource consumption being minimized
[4]. Therefore, offered is the filtration drying method
that is one of the highly-intensive, low-temperature and
environmentally-safe methods [5].

3. Literature Review

As is known, the open air sun (natural) drying can be
used to dry small batches of grain. The main advantage
of this method is its cheapness, but it does not ensure the
maximum possible removal of moisture, and also depends
on weather. Artificial drying in dryers is the basic and
most effective drying method that prevents the growth of
microorganisms, and slows the enzymatic changes, thus
significantly increasing the shelf life [6]. The column-type
dryers and drum dryers are those ones having a wide use in
industry. However, it should be noted that these installations
have a number of disadvantages.

The column-type dryers are characterized by a non-
uniform distribution of heating medium, a slow movement
of grain near the shaft’s side walls, and its retention on the
duct’s upper edges, thus resulting in a non-uniform heating
and drying of grain in different parts of the column, as well
as the high cost of the apparatus.

The drum dryers, in turn, are characterized by partially
damaged grains, low moisture removal in a single pass




through the dryer, low productivity, cumbersome design,
increased consumption of thermal energy.

In recent years, widely spread have been the fluidized-
bed dryers which are characterized by rapid equalization of
grain temperature, and intensive heat-and-mass exchange.
However, the disadvantages of such dryers are high
hydraulic resistance, removal and damage of grains [7]. The
infrared radiation dryers [8] are also used in practice. Such
a method allows for moisture removal at low temperatures
(40-60 °C). The advantages of this method can also
be the shortness and high effectiveness of the process.
However, these dryers have low efficiency, high-fire risk,
and significant energy consumption per 1 kg of evaporated
moisture.

The authors of the paper [9] suggest using a block-
type grain dryer which allows to save up to 30 % of power
compared to the column-type grain dryers, and the paper
[10] deals with the ways to intensify the process in the drum-
type grain dryer.

At the same time, it should be noted that the problem of
major disadvantages in using these apparatus is not solved in
the above mentioned papers, therefore, the development of a
new highly efficient equipment is an urgent task.

4. The purpose of the paper

The purpose of the paper is to theoretically analyze
and experimentally investigate the appropriateness
of using the filtration drying of wheat grain, and to
determine the optimum regimes, including the impact of
the averaged sizes of wheat grains on the pressure loss in
the stationary layer. Also, to check the hydrodynamics-
specific and heat-exchange-specific results obtained using
experimental equipment against those obtained using a
filtration drying pilot installation, and to determine their
adequacy.

Investigation tasks:

1. To experimentally investigate how the pressure losse
es in the stationary layer of wheat grain depend on the
filtration rate of thermal agent, and on the averaged sizes
of grains.

2. To carry out experimental investigations into the heat
exchange using a filtration drying pilot installation, and
to compare the results obtained with those theoretically
calculated.

3. Based on the kinetics of filtration drying, to determine
how the internal diffusion coefficient for the moisture from
wheat grain depend on the initial moisture content and tem-
perature of the thermal agent.

4. To experimentally investigate how the drying tem-
perature influence the germinative capacity of wheat grain,
and to determine the optimum regimes.

5. Investigation objects and procedure

The winter wheat variety “Zolotokolosa” grain has
been chosen to carry out experimental investigations. The
basic technical characteristics we have determined for
the individual grains and for the stationary layer of test
material are given in [12]. Experimental investigations
into hydrodynamics, kinetics and heat-exchange during the
filtration drying of wheat grain have been conducted using a

pilot installation and through the techniques tried by many
authors, as given in [5].

6. Results and Discussion

In our previous papers we suggested the design
dependences to determine the hydraulic friction factor A,
and established its dependence on the Reynolds number [11]:
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The experimental data has been generalized based on the
inner problem of hydrodynamics (the characteristic size has
been taken to be an equivalent diameter of the channels which
are formed by the layer particles, and through which a heating
medium is filtered) in dimensionless groups, and as a result
the following design dependence has been proposed [11]:

Eu= 3.8-%-Ree'0‘2 . (2)

e

It should be noted that the heating medium, when being
filtered through the stationary layer of disperse material,
does not only move in the channels between the grains, but
also flows around every grain separately (exterior problem of
hydrodynamics). That is, the real process is a mixed problem
of hydrodynamics.

Therefore, we have carried out additional experimental
investigations to determine the effect of the grains’ averaged
diameter on the hydrodynamics of the filtration drying
process, and obtained a design dependence for the exterior
problem of hydrodynamics:

Eu=55~dE~Re 02 3)

q

In order to obtain the design dependence, which would
take into account the material grading and the effect of the
equivalent diameter of the channels through which the gas
flow is filtered, and the size of the particles themselves (a
mixed problem of hydrodynamics), it should be appropriate
for the design dependence (2) to include a geometrical sim-
plex T which takes into account the relation between the
container diameter and the particle diameter. It is known that
the geometrical simplex for disperse materials is given by [5]:
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Then, the criterion equation (2) becomes:
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The experimental data representations in the form of
dimensionless numbers are easy-to-use in practice and en-
able, in the phase of drying equipment design, to predict the
pressure loss in the stationary layer of wheat grain during
the filtration drying, and, correspondingly, determine the
energy cost and the economic feasibility of the process.



The design dependences (1) and (5) obtained for an
experimental set-up have been used by us to predict the
pressure losses on a pilot installation the schematic of which
is given in [12]. The correlation dependence between the
calculated values of pressure loss based on (1) and (5), and
the experimental data obtained on the pilot installation, is
given in Fig. 1, 2.
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Fig. 1. Correlation dependence between the theoretically
calculated values of hydraulic friction factors and the
experimental values
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Fig. 2. Correlation dependence between the relation
AP, / AP, and the Reynolds number

Analysis of Fig. 1, 2 has shown that the greatest possible
error in the use of theoretical dependence data does not
exceed 9.6 %. Thus, the proposed design dependences (1)
and (5) may be used for practical computation of drying
equipment.

Determining the optimal parameters of filtration
drying process is ensured by the investigation into heat
exchange specificities and their generalization in the form
of dimensionless numbers that would enable to compute the
heat rejection factors, with the filtration modes and physical
parameters of the heating medium being known. The
results of experimental investigations into the external heat

exchange between the heating medium and the wheat grain
we obtained earlier, are given in [13]. The generalizations are
given in the form of criterion dependences:

— for the wet wheat grain:

Nu=0.072-Re’*- Pr®*, 6)
— for the dry wheat grain:
Nu =0.077-Re’™. Pr"®, (7

As in the case of hydrodynamics, we have examined
the theoretical results using a pilot installation. The
examination has shown that the maximum relative error
between the experimental values and the values computed
against dependencies (6), (7), does not exceed +11.9 %.

The intensity of wheat grain drying is defined by the
coefficient of internal moisture diffusion. Therefore, based
on the experimental investigations into the filtration drying
kinetics, as given in [14], we have determined the internal
diffusion coefficient Dy, following the solution to the dif-
ferential diffusion equation which is generally given by [15]:
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with the first-order boundary conditions being used for
a cylinder of finite size. The internal diffusion coefficient
values for the wheat variety “Zolotokolosa” are given in
Table 1.

Generalizing the experimental results given in Table 1
has made it possible to obtain the following approximation
dependency:

D, =D +0,3-10"(T-293) (w) " . )

The design dependency given to determine the inter-
nal diffusion coefficient is true for the temperature range
313<t>353 K and for the range of wheat initial moisture con-
tent values 0.219 <w> 0.304 kg H,O/kg dry weight.

The resulting design dependency may be used to predict
the duration of the wheat grain filtration drying. Compar-
isons of the computed values of drying duration, based on
the dependence (9), with the experimental data obtained on
the pilot installation, completely agree within the specified
limits of heating medium temperatures and initial moistures.

Table 1

Values of internal diffusion coefficients D,, at different
temperatures of the heating medium and the initial moisture
content of grain

t, K w¢, kg H,0/kgdry weight D, -10'%, m?/s

293 0.239 0.4

313 0.239 2.1

323 0.239 3.76
0.219 8
0.239 7.41

333 0.258 6.1
0.269 5.22
0.304 5.07

353 0.239 14.2




When choosing a filtration drying mode, account should
be primarily taken of the grain intended use. The basic cri-
terion for the quality of seed grain is its germination, i. e.
the seed ability to yield, under optimum conditions, nor-
mally-developed sprouts to be determined by the percentage
ratio of sprouted seeds to their total quantity [18].

The wheat grain drying duration is essentially influ-
enced by the heating medium temperature [14], that is, with
the heating medium temperature being raised the process is
intensified, and with the heating medium temperature being
increased from 40 °C to 80 °C the drying duration is reduced
by 6 times, this is due to an increase in the drying potential
of heating medium, and to an increase in the coefficients of
internal moisture diffusion from the wheat grain.

However, any temperature rise adversely affects the qual-
ity of wheat grain. Therefore, investigated has been the effect
of heating medium temperature on the wheat grain germinat-
ing ability. After the wheat grain has been dried in the pilot
installation at different temperatures, 100 grains have been
randomly taken from the entire batch for each subsequent
experiment, and then tested for their germinating ability. To
do this, the grains taken have been uniformly arranged on a
damped filter paper placed into the Petri dishes to be further
installed in a well-ventilated room in which the temperature
has been maintained at 20+0.5 °C for 7 days. The results of
investigations into the temperature effect on the wheat grain
germinating ability are given in Fig. 3.

Analysis of the results obtained has shown that the
heating medium temperature has a significant impact on the
quality indicators of wheat grain. A high germinating ability
of grain has been observed during the filtration drying by
the heating medium with a temperature of 40 °C and 50 °C,
to equal 99 % — 98 %, respectively, while at a temperature
of 60 °C the germinating ability has fallen to 90 %. With a
heating medium temperature of 80 °C, the grain germinating
ability has been less than 30 %, therefore, the rational mode of
wheat seed filtration drying can be considered a temperature
of 50+2°C. In addition, the chemical composition of wheat
grain, as determined by a factory laboratory, at a drying
temperature of 60 °C, has been in conformity with the
normal condition. Therefore, a heating medium temperature
of 60+2 °C may be recommended for the food wheat grain,

and this will make it possible to reduce the time needed for
its drying, and to improve the drying system productivity.

Fig. 3. Wheat grain germinating ability depending on the
effect of heating medium temperature: a — 50 °C; b — 60 °C

7. Conclusion

The results obtained make it possible to predict, with
sufficient accuracy, the hydraulic resistance of the stationary
layer of wheat grain. Comparison of the calculated values of
heat-exchange coefficients for the dependences (6), (7) with
the experimental results obtained using a pilot installation
of filtration drying has proved their adequacy and appropri-
ateness of use in designing new equipment (the maximum
relative error between the experimental and calculated
values did not exceed £11,9 % ). Based on the kinetics of
filtration drying, experimentally determined is the internal
diffusion coefficient, and determined is its dependence on
the initial moisture content and temperature (dependence
(9)), which allows to predict the filtration drying duration
for wheat grain. Experimentally determined are the opti-
mum parameters for the thermal agent to ensure the high
quality of seed and food grains. The results obtained allow
to assert the appropriateness of using the filtration method
to dry the wheat variety “Zolotokolosa” grain.
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Ha ocnoei eapiauiiinozo memoody Pimua ma meopii 36y-
penv o6uucneno emepezito ionizauii miaxux 0omopie 0ns
eunaoxy L; ma A; modeni 30mu nposionocmi MoHOKpu-
cmanis eepmatito. Ilopienannus meopemuuHux po3paxyHris
3 eKCnepuMeHmanbHUMu O0AHUMU NOKA3YE, WO 600HEBO-
nooiéna moodeno domMiwKu € HAGAUINCEHOI0 T MOodCce Oymu
suxopucmana auwe 0 domiumxu Sb 6 eepmanii. J[ns domi-
wox, nanpuxnaod, P ma As neo6xiono epaxosyeamu ximiu-
Huil 3cye

Kniouoei caosa: meopisa 36ypenv, eapiauiiinuii memoo
Pimya, monoxpucmanu eepmatiro, enepeis ionizauti, ingep-
ciss muny (L;—Aq)
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Ha ocnoge sapuayuonnozo memooa Pumuya u meopuu 603-
MYweHUll 6blMUCTIEHA IHEP2US. UOHUZAUUU METKUX OOHOPOS
ona caywas L1 u A1 moodenu 301vt npo6ooumocmu MoHOKpU-
cmannos eepmanus. Cpasnenue meopemuueckux pacuemos
C IKCNEPUMEHMATILHOIMU OAHHLIMU NOKA3bIEAEN, YO 6000~
P000N0000HA MOOETL NPUMECU ABNACMCA NPUOTIUINCEHHOU U
Mosicem Gbimb UCNOTILI0BAHA MONLKO 0N npumecu Sb 6 zep-
Manuu. JTnsa npumeceii, nanpumep, P u As neooxooumo yuu-
mbleams Xumuveckuii c0guz

Kntouesvie cosa: meopus 603myuienuil, 6apuayuoHHbLil
Memod Pumua, moHoKpucmanivl 2epmanus, sHepeust UOHU-
3ayuu, uneepcusi muna (L;—Aq)
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1. Beryn

Banizorponnomy cepenoBuiili, Ha BiJiMiHy Bi/1i30TpoTI-
HOro, icHye 6arato siBUIL, 3yMOBJICHUX aHI30TPONHUMU
BJIACTUBOCTSIMU KPUCTAJiB, BUBYCHHS SKUX BAXKJINBE SIK
3 TEOPETUYHOI, TaK 1 3 eKCIepUMeHTaJIbHOI TOUYOK 30pYy.
Komniekcni 1oCisKeHHS IUX ABUIIL € JXKePesIoM I[IHHOT
indopmallii mpo eHepreTUYHy CTPYKTYPY HATiBIPOBiAHU-
KiB, MEXaHI3MU PO3CisTHHS HOCIiB 3aps/1y Ta iHI BasKINBI
naHi, AKi € HeoOXIIHUMU IJIsT PO3YMiHHs (i3UYHUX MPO-
necis, siki BigOyBawThes B TBepaoMy Tidi. JlociiikerHs
ABWIIL 1IEPEHOCY B aHI30TPOIHOMY CePeIOBUIII BasKJIMBE
1re i ToMy, 1[0 Ha OCHOBI HUX I'PYHTYEThCs poboTa Hara-
THOX HATMIBIOPOBIAHUKOBUX TpuiafiB. OgHum i3 Taknux

MePCHEKTUBHUX aHi30TPONMHUX HaMiBIPOBIAHUKIB OYB
i 3aJMIIAETHCS TepPMaHil, SAKWH IMHUPOKO BUKOPUCTOBY-
€TbCST JIJISI BUTOTOBJIEHHS [II0/IiB, TPiO/iB, CUJIOBUX BU-
NPSAMJISTYIB, B I03UMETPUUHUX NPUOOPAX i MPUIAAAX, 10
BUMIPIOIOTh HATIPY’KEHICTh MOCTIHHUX i 3MiHHUX MarHiT-
Hux 1oJiB [1]. MoHOKpHCTaIN repMaHilo 3 MiHIMAaIbHUM
BMiCcTOM /le(eKTiB i IOMIIIOK € TePCHeKTUBHUM MaTepi-
aJioM /i moTpeb HaHoeJ eKTpoHikK. besaucmokamiitnuit
repmaniil 3abesneuye BupimeHHsi npobiem, siIKi BUHU-
KaloTh y 3B’43KY 3 BUKOPMCTAHHSAM KPEMHIIO IIPU CTBO-
peHHI HAHOPO3MIPHUX TPAH3UCTOPHUX CTPYKTYP. Takox
IUIsT onrcy 6araThoX KiHETHYHUX e(eKTiB AK B 00'eMHUX
KpHcTajaX, Tak i HAHOCTPYKTYpaX, HeOOXiHO BUBYUTHU
BIIJINB MPYXHUX AedopMariiii Ha MOJT0KeHHS JOKAJIbHUX




