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Summary. In the system of technological operations of
post-harvest handling of the crop is drying. Universal
dryer drum type are widely used in farms, because, allow
for dewatering of various bulk wet materials, but for a
number performance indicators (specific  energy
consumption, automation level, implementation of
environmental requirements, and others), these dryers do
not quite meet the modern requirements of agricultural
production and processing sectors.

The decision of problems of optimization of performance
and energy consumption of drum units is possible only
when adequate mathematical models of processes of heat
and mass transfer taking into account the governing
parameters of the process. In article on the basis of the
analysis of the literature substantiates the scientific tasks
of the analytical mathematical description and calculation
of parameters of process of drying particulate plant
material in a pneumatic drum units.

Using the methods of thermal and material balance, based
on simplified representations of the processes of heat and
mass transfer mathematical model describing change of
parameters of the drying agent and material in the
pneumatic drum unit in the process of moving along the
rotational drum.

For example, analytic analysis of changes in the
temperature of the drying agent and the material and its
moisture content is given the solution of the equations for
a linear law of transfer of material along the drum.

So as a result, the research obtained a mathematical model
of stationary process of drying the plant material in a
pneumatic drum unit.

The analytical dependencies describing the distribution of
parameters of process of drying of the material in the
drum with a given speed of movement.

Key words: modeling, process, drying, material, drum,
speed.

INTRODUCTION

In the system of technological operations of post-
harvest processing of crops, is important thermal drying
[1, 2, 3]. Given the wide range drying products, the most
versatile dryer units are pneumatic drum assemblies [4, 5,
6]. But despite the widespread use of drum dryers the
theory of processes taking place in them to date is not
sufficiently developed. Compatible phenomena of heat
and mass transfer associated with moving the drying
agent, who also is a means of transporting material.
Reducing the weight of the material in the drying process

leads to changes in the speed of its movement along the
drum, which in current models is not considered.
However, the exclusion of the arbitrariness of the speed of
movement of the material and development of methods to
control the speed of movement (except changing the
revolutions of the drum) can significantly intensify the
process of drying and to improve the quality of the
product dried. In addition, the relevant issue is not only
the creation and implementation of new technologies and
equipment to implement thermal drying , and a reduction
in financial costs for the process of development of such
machines [7].

THE ANALYSIS OF RECENT RESEARCHES
AND PUBLICATIONS

Recent work on the problem of drying of agricultural
plant materials and products note the works [8, 9, 10].

In [8] substantiated methods for determining
displacement of the material in the drum that rotates with
different type of attachments, in the monograph [9]
investigated heat and mass transfer in processes of drying
in drum-type units with the transverse and longitudinal
flow of material.

In [10] is justified based on process parameters from
the design parameters of the drum. In early works [11, 12]
the mathematical model of the dynamic modes of a drum
dryer.

Known works [13, 14, 15] reduced to the design and
analysis determine residence time of material in the drum
and the exposure of drying.

Change the speed of the moving material in the drum
and its influence on the performance of the process is not
considered.

OBJECTIVE

The determination of regularities of the drying
process on the basis of simplified model representations,
and taking into account the changes of the velocity of the
material coordinate movement.

THE MAIN RESULTS OF THE RESEARCH

The processes of heat and mass transfer during
drying of plant materials and products in installations of
pneumatic drum type describes ordinary differential
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equations, which are formed in the closed system of the
fourth order [11, 12]:
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where: M, =V -y - p - the mass of material in the
dryer, m, =V, p — weight of drying agent in the drum,

V; — the volume of the drum, y — the fill factor, p,, p — the
density of the material and a drying agent, v,, v — the
speed of the material and a drying agent, a, 8 — the
coefficients of heat and mass transfer, f — the surface of
the material that participates in the exchange processes,
C, C, — the heat capacity of the drying agent and
material, ro — heat of vaporization, P,, P — elasticity of
saturated steam in the drying agent.

Mathematical reasoning physics equations of heat
and mass transfer are the following conditions: moisture
of the material is removed according to Dalton's law, the
moisture in the material evaporates and is removed at the
same time, the moisture content and temperature in the
bulk material is distributed evenly, heat and mass transfer
occurs only between the surface of the material and the
drying agent, the effects of radiation and contact heat
transfer coefficients are taken into account heat transfer,
stationary fields of temperatures and moisture content are
accepted one-dimensional, that change with the
coordinate y measured in the direction of movement of
the material.

The system (1)-(4) is a complete mathematical model
of the drying process in pravoberezhnomu the aggregate
taking into account the adopted assumptions under
appropriate boundary conditions:

0(0,7)=6,(z), t(0,7)=t,(r), U(0,r)=U
d0o)=d, oy0)=6, ty0)=
U(y0)=U,, d(y0)=d,.

For the solution of specific objectives — determine the
impact velocity of the material (static and dynamic)
modes of drying system of equations have greatly
simplified and divided into two stages: determination of
the steady-state mode of operation of the dryer and
transition. The system of equations can be greatly

simplied if we make an additional assumption: the
intensity of drying is proportional to the current moisture
content and the rate of heating of the material and can be
described by the equations:

- Lykov [18]:
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where: k(t) — coefficient of drying, U, — equilibrium
c,U)e
r,(6)dU

Since the heat transfer coefficient in the drying
process is reduced [19] and decreases the mass of material

moisture content, Rp = — criterion Rebinder.

in the drum (due to drying), the value i — you can take
m\/t

a constant (average per process), the rate of drying

depends on the temperature of the drying agent. We

assume that the drying coefficient is linearly dependent on

temperature:

K(t)=a-+bt Y

The change in the moisture content of the drying
agent affects the process of moisture removal from the
material [20], but with increasing moisture content of the
drying agent increases the heat transfer coefficient, so the

assumption a(y)zconst — formally justified. As in
rotary dryers of agricultural materials used in high-
temperature drying agent t >120 °C the material can be

dried to absolutely dry matter, suggesting that the
magnitude of the equilibrium moisture content constant,
according to the parameters of drying agent at the outlet
of the drum — U, =U(t,,d,).

Assumptions allow to exclude from equation (1)
variable U(y), and from equation (3) component, which
depends on the temperature of the material P(6) and
reduce the order of the system.

Consider a stationary mode of operation of the dryer
(after warm-up time) when each point of the volume of
the drum all process parameters are time variables and for
each coordinate by the length and the output have
constant values. Equating the time derivatives to zero and
considering the equations (5) and (6) we get the system of
equations in ordinary derivatives:
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We introduce the notation:

.Cc, =cC [1—i]
v Rb

Given the assumptions made and considering the
change of the velocity of the material along a drying path,
according to the reduction of mass of material passing the
drum from equations (8) and (9) we get:

dily) _ k,[6(y)-t(y)].
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Subtract the second equation from the first:
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Where one of the first integrals of the system takes
the form:
y

Inft(y)—6(y) = In(C I{%+kz}ds. (14)

0

Where one of the first integrals of the system takes
the form:

t(y)-6(y)=C, - exp(— ﬂ% +k, }ds} . (15
A decision on t(y):
} s). (16)
A decision on 6(y):
0(y)=t(y)-C, -exp(—f{%lsr kz}ds} (16a)
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Let us substitute the expression (16A) in equation
(11) and get:

dt(y)

ok
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Its solution has the form:

t(y)=-k,C jexpE 0£k2+%jdst§+C as)

Substitute the obtained expression (18) into
equation (16a) and get the solution of the equation:

o(y)=—k, cj [ I(kH%st]d&
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Steel of integration C; and C, define the boundary
conditions:

(19)

t(0)=t,,
0(0)=46,,
Co=ty,
0,=C,—Cy,
C1=t1791.

The solution of the Cauchy problem would be:
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Take as a first approximation, a linear dependence of
the rate of movement of the length of the drying path:

v(s)=a, +bs.
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Then:

y
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Substitute (22) into (17) and taking into account the
initial conditions we get:

(23)
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Substituting equation (22) and derive an equation for
the temperature of the drying agent in (16A), we get:
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Substituting values of temperature t(y) in equation
(10) after separation of variables get:

U(y)=U,-(U,-U,)

1
a +by
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Thus the resulting equation (23), (24), (25) determine
the temperature distribution and the moisture content of
the material during the drying process in a rotating drum
when the speed of movement.

CONCLUSIONS

1. A mathematical model of stationary process of
drying the plant material in pneumatic drum unit.

2. The analytical dependencies describing the
distribution of parameters of process of drying of the
material in the drum with a given speed of movement.-
size range of mobile agricultural energy products.
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MATEMATHUYECKOE MOJIEJITMPOBAHUE
[TPOLIECCA CYILIKH PACTHUTEJIBHOI'O
MATEPUAJIA B BAPABAHHOM CYILIWJIKE
[1PU TIEPEMEHHOM CKOPOCTHU
[IEPEMEILLEHUSI MATEPUAJIA

Poman Kanunnuenko, Banepuii Boiitiok

AHHOTanusi. B cucreme TEXHOJIOIMUYECKUX oOmNepanui
OCIICyOOPOTHOM 00paboTKH ypoxas
CENIbCKOXO3SIMICTBEHHBIX ~ KYJIbTYp  BaXXHOE  MECTO
3aHUMAeT CYIIKH. YHuBepcaabHbIE CYIIMJIKH
6apabaHHOT0 THIA ITUPOKO MCIOJIB3YIOTCS B XO3SHCTBAX,
MIOCKOJIbKY ~ MO3BOJIAIOT ~ MPOBOIMTH  00E3BOKHMBAHHE
Pa3MYHBIX CHITYYNX BIIAXHBIX MarTepuajioB, HO IO
LeIOMy psily IoKazaTeneid paOoThl (yIelbHBIE 3aTpaThl
SHEPruM, yPOBCHb  ABTOMAaTH3AIMM,  BBIIOJHCHUSA
9KOJIOTUYECKUX TPEeOOBaHMH, U IPYTHE) 3TU CYLIMIKH HE
COBCEM COOTBETCTBYIOT COBPEMEHHBIM TPeOOBaHUAM
TIPOM3BOJICTBA CEIIbCKOXO03SMCTBEHHON "
nepepabaThIBaroIIeii OTpaciei.

Pemenne 3a1a4 onTUMHU3aMy 0 IPOU3BOIUTENBHOCTH U
JHeprosatpatam OapaOaHHBIX arperaroB  BO3MOXKHO
TOJIBKO IIPM HAJIW4YMM aJCKBaTHOM MaTEeMaTHYECKOH
MOJIETIM TIPOLIECCOB TEIUIO- U MaccooOMeHa C Y4eToM
OTIpeNIeNIAIONINX IapaMeTpoB Iporecca. B cratee Ha

OCHOBC aHajn3a JINTEPATYPHBIX HNCTOYHUKOB
000CHOBAHHO Hay4YHYIO 3agavy AHAJIUTUYCCKOI'O
MaTeMaTU4CeCKOro OMUCAHUA WU pacucTa OIPCACIIAIOMINX
napamMeTpoB nponecca CYLIKH PACTUTCIIBHBIX
JAUCIICPCHBIX MaTepuaioB B HHeBMO6apa6aHHI/IX
arperarax.

C momompI METOHOB TEIUIOBOTO M MaTepHAILHOTO
OamaHca Ha OCHOBE YIPOIICHHBIX IPEACTABICHUN O

mpolueccax — TEIUIO- M MaccooOMeHa  IOCTpOEHa
MaTeMaTH4YecKasi MOJEJb, OIHCHIBAIOIAs W3MEHEHHE
apaMeTpoB CYIIMJIBHOTO areHTa M Marepuaiza B

mHeBMOOapabaHHOM arperate B Mpoliecce TepeMenieHUs
BJIOJIb BpamaTteabHoro Oapabana.

Ha mnpumepe aHAIUTHYECKOTO aHaIM3a W3MEHEHUS
TeMIIepaTyphl CYIIWILHOTO areHTa W Marepualia U ero
BJIArOCOJICPIKAHUST TMPHUBEACHBI PEIICHUE IMOMYYEHHBIX

YpaBHEHWH Uil JIMHEHHOrO 3aKOHAa IepeMEIlCHUS
MaTepuaia BIOJb OapabaHa.

Takum  oOpasoM B pe3yiabTaTe  BBINOJHCHHOTO
UCCIIEJIOBaHUSl  IOJyYeHa MareMaTH4yecKas MOJIelb
CTAal[IOHAPHOTO  MpoIllecca  CYIIKA  PaCTHTEIHLHOIO
Marepualia B THeBMoOapabaHHOM arperare.

OmnpeneneHsl aHAJIMTHYECKHE 3aBHCHMOCTH,

OIMCHIBAIOIINE DPACIPEACICHHE IapaMeTpoB Ipolecca
CYIIKH Marepuana B OapabaHe € Y4ETOM CKOPOCTH
TIepeMeIIeHHs.

KaioueBble ciioBa: MoJepupoBaHHE, NpolecC, CYIIKa,
Marepuai, bapabaH, CKOPOCTb.
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