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MATHEMATICAL MODELING OF THE RAPE GRAIN THERMAL
PROCESSING IN A DENSE LAYER USING INDUCTION HEATING

Recently there was a clear trend of pre-heating oil raw material before it is fed
to the compression [1-3]. Providing the recommended temperature increases the
yield of oil and extends the life of the processing equipment [4-6]. The advantage
of this technology is the uniformity of heating the disperse material in the layer un-
der continuous stirring. But the technical realization and hardware implementation of
the conductive heating method on the disc heating surface reduces the energy effi-
ciency of the process because of the heat loss of natural convection and radiation
into the environment and the vessel wall. In addition, all drawbacks of element
electrical heating of working surfaces are presented.

To eliminate these shortcomings and improve the energy efficiency of the process,
we propose a new method of heat processing of disperse material with the induction
method for supplying energy to the heating surfaces [7]. The method provides that
in a cylindrical supply channel of disperse material to the press-extruder there are
mounted rotatably ferromagnetic core elements, and on the outer surface of the
grain-driving channel an inductor is set [8-11]. The electric power supplied to the
inductor and released in the heating elements arranged in a layer of grain is almost
completely transferred to the grain material, and the convective and radiative com-
ponents are also absorbed by the grain.

The proposed plant for the heat processing of rape grain [7] can provide the
necessary temperature, but there is a need to create a mathematical model for the
study of thermal processes occurring in it, and determine the influence of process
parameters on the final temperature of rape grain.

A quantitative description of the thermal component dynamics of disperse mate-
rial processing (rape grain) in a flow-type apparatus with electromagnetic heating
elements can be formed on the basis of the mechanism of heat transfer [12-14]:
the heat in the heating element (rod in the electromagnetic field) is transmitted by
complex heat transfer (convection through inside-layer air, heat transfer by direct
contact of rape grain and rods, radiation due to multiple reflection and absorption
of radiant energy by disorderly located parts) to disperse material under the
non-stationary conditions, given its longitudinal mixing relative to the surface of
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heaters; the received heat of the material is spent on increasing its temperature
and evaporation (residual moisture); during stirring of the material some part of heat
is transferred to the frame walls, is consumed for heating and partially transmitted
through the inductor winding to the environment; wherein the inductor winding
increases its temperature. Transfer of moisture released from the material surface in
interaggregative airspace material to material layer takes place by mass transfer
diffusion and further through flow gaps between the particles to the environment.

The heat balance in the dynamics for an infinitesimal element of the heater
filled with disperse material moving along the heaters (while stirring) for each of
the following dynamic elements: the rod, the grain material, the air (the space
between the grains), the body of the unit, inductor winding, we can write (for height
dx of the elementary volume in the direction of material movement):

dQ,=dQ, . +dQ., +dQ., D)
dQ.,=dQ,, +dQ,,+dQ, +dQ,, )
dQ., +dQ,,=dQ,, +dQ, 3)
dQ,,=dQ,,+dQ,; +dQ,, (4)

where: Qs - the heat releasing in the heating elements; Q,... - the heat consumed to
increase the temperature of the heating elements; Q.. - the heat transferred to
material from the heating elements; Q... - the heat received by the air between the
grains; Q.. - the heat received by material to increase its temperature; Q.. - the
heat that is spent on evaporation; Q..., Q.. - amount of the heat transmitted from
the grain to the air and the unit frame; Q... - the heat consumed for heating the
air in the space between the grain; Q.. - the heat which is transferred from the
air to the unit wall; Q,., Q, - the heat which is transmitted to the unit frame;
Q..x, Qi - amount of the heat for heating the unit frame and the inductor; Q;,. - the
heat consumed in the environment.

Thus, the modeled object is represented by four dynamic elements - thermal
capacitances.

Before opening the components of heat balance equations we take the usual
one-dimensional case simplifying assumptions:

— temperature gradient over the cross-section (radius) of the material flow, rods,
the frame and inductor walls has a very small (minor) value and it can be
neglected, i.e. contribution of the thermal conductivity to the calculations will be
negligible compared to the effective heat transfer, thereby we accept a uniform
temperature field along the radius of the chamber, which reduces the dynamic
problem to one-dimensional case;

— heat transfer by conduction in the direction of material flow is negligible and
can be neglected,;
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— thermal parameters of all elements of the object do not depend on the tempera-
ture and time;

— heat generation in the first approximation is assumed to be constant;

— given the intense heat supply and mixing of the material by heated rods, the
temperature of the individual grains is assumed to be the same on the surface
and in the center;

— the effects of radiation, conduction in the space between the rods and the con-
vective heat transfer are taken into account due to the heat transfer coefficient:

Ay = ta; +a, (5)
where: a. - the coefficient of heat transfer by convection; «; - the coefficient of

heat transfer by thermal conductivity; a, - the coefficient of heat transfer by
radiation.

The individual components of the equivalent heat transfer coefficient are defined as:

1
(079 —m (6)
A A, A

where: J, - the reduced layer thermal conductivity at convective air flow through
the disperse material layer; A, - effective radiative thermal conductivity; 4 - thermal
conductivity coefficient of the contact layer; 61 - half of the distance between
the rods; ¢ - thickness of the air layer.

Determination of the coefficients can be estimated due to well-known expressions
[15, 16]:
qo

A = 7
Tt 7)

_ 346Xt,d(3mes, +(1-m)e,,)
- 1+(1-m)(1-¢,)

(8)

where: q - the intensity of the heat flow from the rod; (t. —t1) - the temperature
difference between the rod and the material at a distance 52; d - diameter of

grains; m - the porosity of the layer; ¢, &, - blackness degree of steam and material;
t., - average temperature, t., = (t. — t1) 0.5.

For the selected element with height dx, revealing the components of the heat
balance (1-4) explicitly, we describe the dynamics of heat transfer due to the system
of differential equations.

For the rods:
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f
ccscpcdxd®cqudxdr—ae|‘f’l e(@c—tg)dxdr—%(G)c—tv)dxdr (9)

for the material:

f.
c,S,p,dxdt, = aef_"l £ (©, —t, )dxdz - 1,c,S, p,o dudx —

¢ (10)

K

(24

f
(t,—t,)dxdz - “ﬁ “(t,~®, )dxdz
for the air between the grains:
c,S,&,p, dxdt, = aKTf"(tg —t,)dxdr +aKTf"(®c —t,)dxdr +“KT‘CK(tB ~0,)dxdr (11)

for the frame with the inductor:

i

€S0, dxd O, :T(t3_®K)+ a,f, f

x (tg—G)K)dxdf—%(@K —t,)dxdr (12)

for the moisture in the grain:
S, p,0dudx =kf (P,(t,)-P,) % dxdz (13)

where: ¢, ¢, ¢, ¢« - the specific heat capacity of the rods, the material, the air, the
frame material and the inductor respectively; pc, ps, ps, px, pso - the density of the
rod material, the grain, the air, the frame material, completely dry matter respec-

tively; gx - the specific power of heaters, g, =%; S, Ss, S« - the sectional area of

the rods, the material, the frame with the inductor; ¢ - the porosity of the grain lay-
er; f, f,, f., f - the surface area of the rods, the material, the internal frame and the
external inductor; a.g, ax - the coefficient of effective and convective heat emis-
sion; H - the height of the heater; x - the coordinate in the direction of the
material movement; z - time; O, t,, t;, O, to - temperature of the rods, the material,
the air, the frame, the environment respectively; u - the moisture content of the
material; ro - the specific heat of vaporization; k - the coefficient of mass transfer;
P., P, - the partial pressure of saturated air at the material surface temperature and
in the air.

Using the technique of recording the differential equations in partial derivatives
we make the appropriate conversion of equations (9-13).

We expand the total differential of the rod temperature in equation (9):
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00, 99

de,
or OX

dx (14)

Given that S—X:uc =0, S.po,H =n,

T
where: v, - velocity of travel; dfC
T

= % rewrite equation (9):
T

MCe——=0y— aer/) fC (®C _t3)_ Ay f3 (®c _tv) (15)

We expand the total differential of the grain temperature: dt, = ?3 dr+ aat; dx,
T
d _dt, dr dt,

divide the equation by dx: ; denote %zug - speed of grain

dx dr dx dx dr
movement.
o it ot, o,
Then the temperature gradient is expressed by the equation =0, :
dx or  OX

Substituting this value in equation (13) and using the obvious relations: productivi-
ty G,=0v,S,p,, the layer volume V,=SH, weight of grain m,=V, p, rewrite (10)
as follows:

ot ot ou ou
c,m, 6; +c,G,H 6; =, T (0.-t,)—a, f,{t,~t,)— . f(t,—©, ) —rm, E—CSGSH >
(16)
Similarly transform the equations (11-13):
a,
m,c, === a, f.(t,—t,)+a, f.(0,-t)+af(t,-0,) (17)

(m.c +mAci)a£_” gyt -0, )+ flt,-0,)-a £ (0. ~t,)  (18)

0 0
Mo, a—:+630H a—i =kf,(P,(t,)-P,) (19)

Thus, the mathematical model of thermal processes in the heater in the form
of five differential equations in partial derivatives in accordance with the quantity
of heat capacities of elementary components is determined.

To simplify the solution of the problem of continuous heating of grain in the
process of movement, remaining however in almost acceptable range, it is held
lowering the order of the differential equations.

Mathematical justification of the physics equations of heat transfer are such
additional conditions:
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1) heat conductivity effects and the heat radiation in the radial (relative to axis of
the rod) can be considered by equivalent heat emission coefficient determined
experimentally. Stacked heat in a small volume of air can be clamped neglected,
i.e. take its heat capacity to the heat capacity of the material layer.

2) since the inductor winding structurally formed integrally with the frame, and the
inductor itself is heat emission element, the increase in heat of the construction
through heat emission from the moving grain layer can be neglected.

3) to close the system of equations when you exclude the derivatives, remain alge-
braic equations of the relationship between the parameters reflecting the course
of the process, equation (19) actually describes the increase in the rate of drying
at temperature increase of the grain that at low moisture content of 6-8% does
not correspond to the experimental data (since the rate of drying reduces with
time), the adoption of the assumption of proportionality rate of drying the heat-
ing rate will be practically justified, the latter assumption makes it possible to

. . . - cde
use in the calculation Renbinder criterion Rb = and make the correspond-
rdu

ing substitution du = %dtg in the equation (16).

Thus, taking into account the imposed additional conditions simplifying the
mathematical description of the heat transfer processes, the dynamics of thermal
processes of flow grain heater we present a mathematical model in the form of
two differential equations with partial derivatives and constraint equations (i.e. as
2-capacitance object):

m.Cc % = Pun_aec]) fc(®c _t3)_ar< f3(®c _ta)

T 1)\eot 1)\ot !
,m | 1+— |—=+cGH|l+— | ==, f.(0.-t, )-a.f —t ) f(t,—
C3 m3 ( + ij r +CxGx ( + ij X acd) c(®c t3) ay 3(®c t(f) aed) (ts ®x)

(20)

aKf3(t3_t6)+aKfC(®C_t6)+aK'fK(t6_®K):0 (21)
aed;f (t3 _®K)+a)< fK(tS _®K)_ak' fK(®K _tO):O

The system of equations (20) contains four unknowns @, ©,, t,, ®,. The values
of air temperature and the frame are defined from the system of equations (21):

0, =¢t. +esty+¢,0, (23)

where:



156 V. Lysenko, D. Komarchuk

!/
Ay f3 _ (1% fK aed) fK
!’ ’
e = a, f3+aK fc—aK fK a, f3+a,< fc—CZK fK aed) fx+alc fk+azc fch
’
L+ al{' fK ; aK fK
aKf3+aKfc—aK f;c aed)fk+akfk+axfx0
a,f.
’
o = a.f.+a.f.—a, f,
2= 7
a, f a,f,
1+ K K ; f K fk f
aKf3+aKfc—aK fK aeq’; T +a T,
’
a, fK 2 fKO
’
(ak f.+a.f.—a, fKJ(aed, fo+a.f +a, fKo)
63 = 7
1+ a’K fKaK fK
(ak f,+a.f.—a, fx)(aed, fo+a . f . +a, fxo)
!
ae¢ fK aK fKel
64 = +
Qe fotrta.f.+a,.fo Ay fo+a.f.+a,.fo
_ Oy fKO ay fKeZ
e = +
Qg fo+a.f.+a,.f, Aoy f,+a.f +a.f,
e = ay fkeZ

ae¢z fk‘ +a, fl( ta, fKO

Substituting the value t, and ®x from (20) after the transformations we obtain:

T16®c :Pn_ﬁ®c+&+t3 (24)
or by b,

NS N P =
or a, a

In equations (24) and (25) is designated:
q=a,+af —afe

b=a,f.+afe

¢ =a,f.esft

=a,f.+ta fe+a,fe
b,=a.,f.+af, + aed,' fotafe+a,fe,
G=a.fe+a,fe
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T]_ — mCCC
by

(c,m, +¢,m, \Rd +1)

T2 =
Rba,

¢,G,H(Rd +1)

T, ="
Rba,

Since the system of equations (24-25) has no strictly analytical solution, we
determine an approximate solution.

Consider the steady state operation of the heater, i.e. assume &@/dz =0,
ot,/dr =0 and obtain static characteristic of the heater - the distribution of the
grain temperature with the height of heating chamber in the form of an ordinary

differential equation.
By equation (24) the amount of the heater temperature ®. and substituting this
value in (25) we obtain the following equation:

o, -py G by (26)
al a]_b_l_ al
AL T L T Y @
dx a, Qa a a
dX aZ 8.1 a-2 a]_ a‘l
Introduce the designation:
Al G Bp, (29)
a
b _b (30)
a 9

The solution of equation (28) taking into account the notation adopted for the
boundary conditions: x = 0, t, = t,1 (where t,; - the value of the grain temperature at
the inlet to the heater), we obtain in the form:

I a @y

Equation (31) determines the grain temperature distribution in the direction of
its movement along the heating rods in the steady state.
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Having determined the derivative from t,(x), we obtain the value of the tempera-
ture gradient of grain layer:

B
LBl (@)
dx T,\B

. dt, . . . . .
We substitute the value dj into the equation (25), obtain the equation with
X

conventional derivatives:

7,99 ¢ L3 ¢ (33)
dr b,
T, dt, + b—2t3 +c,=0, (34)
T
where:
C .
c,=Pn+—=;
by

B
C4:B é_‘tj,l e TXX_C_Z;
B a,

We differentiate (34) with respect to time:

2
do, _y d%, b, dt, -
dr dr a, dr

We substitute the value ®, and de % . in equation (33), after transformations
we have the equation of the grain temperature changes with time:

2
dr a b “)dr \b a, b b

We rewrite (36) in the form:

d?t dt

A—+B—=+Ct.=D,(x 37
By (%) (37)
where:

A:T]_TZ;

BT, 2, A,

a b
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b, a,
D(x)= 2% &
(=22 g

Solution of the inhomogeneous differential equation of the second order we get
as the sum of solutions of the homogeneous and particular:

t(z,x)= clerl’+c2er2f+% (38)

where:
c1, ¢ - constant of integration;
ry, rp - characteristic coefficient of the equation:

—B+,/B2-4AC

2A

o=

Integration constants define using the initial conditions: z = 0; t, = t,; dt,/dz =0.
Substituting the values of the initial conditions in equation (37) and its derivative
we will have:

D, (x)
C

to=C+C,+

O = Clrl + Czrz

Hence we have:

2 t3OC_ Dl(x)- C,=1 t30C - Dl(x)
C(h-n,) C(h-r,)

Thus the equation for the change in temperature of moving grain layer in time and
coordinate will have the final form:

t,,C-D
et B
1 2

Similarly we obtain the equation for the temperature change of rods O(z):

[rlerzf _ rzerlz' ]+ ch(x) (40)

®.,C-D D
® —_r =30~ =2 T _ et | =22 41
c(T) N C(I’l—l’z) [rle re ]+ C (41)
where:
c, b
2 a, a203

0, - the initial temperature of the rods.
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Using the resulting mathematical model (38) to identify the rape grain tempera-
ture in a channel with ferromagnetic rods [11, 17, 18], which are heated by the
induction method [7, 10, 19]. Experimental data are given in [8, 9].

We substitute the thermal characteristics of rape grain from the source [20] to
the obtained mathematical models (31) and (38). For the preliminary calculation
we take the assumption that the material moves only under the influence of gravita-
tional forces, and the ferromagnetic rods do not move. The result is the dependence
of rape grain temperature change along the length of the unit frame (Fig. 1) and the
dependence of rape grain temperature change of grain tz and the heater temperature
Q. in time (Fig. 2).

1]
55267,
50
40
tz(x) 30

0
6 i

DU 01 02 03 04 05 06 07 02 09 1 11 12 13 14 15
n. % 15

Fig. 1. The dependence of rape grain temperature change along the length
of the unit (tz, °C; x, m)

T
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<1}
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tziT,0.2)

tzi7,0.540
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30

Aol T

20

1] 1o 200 300 400 500
i T 500

Fig. 2. Dependences of rape grain temperature change of grain tz and the heater
temperature @. in time at distances 0.2, 0.5 and 1 m from the feeding tube
of the unit (tz, °C; O, °C; 1, C)

Conclusions

There are developed improved mathematical models of the dynamics of dis-
perse material heating in a moving layer with uniformly placed heat-generating el-
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ements with not previously taken into account factors (types of heat transfer, evap-
oration), which link the design and operational parameters of installation and allow
us to determine the static and dynamic characteristics of the object.

The resulting mathematical model describes the process of rape grain heating
with sufficient adequacy and allows you to determine the theoretical values of the
grain temperature and the temperature of ferromagnetic rods for various technolog-
ical modes of thermal processing installation operating.

References

[1] Jlucenxo B.IIL., 3ampoBamkeHHs eHeproeeKTHBHMX KOMIUICKCIB B BHPOOHHMITBI omii (cran
murtanns), [1L.B. Jlucenko, J.C. Komapuyk, Biopecypcu i mpupomokupucrysanus, HYBIll,
K.: 2011, 1. 3, Ne 1-2, c. 153-157.

[2] UWlep6akor B.I'., Texnomnorusi moiy4yeHus: pactutensHbix Macen, B.I'. lep6akos, Komoc, M.:
1992, 326 c.

[3] http://lavrin-oil.ub.ua/ru/goods/view/21236/all/maslopres-shnekoviy-mmsh-220-z-pidigrivom-
sirovini-skovoroda

[4] Bapmun f.B., Pinak: Bix ciB6u mo nepepobkwu, S.B. Bapaun, Csit, K.: 2000, 106 c.

[5] Taiimam B.J., KoBampuyk I'M, Jdem'sHuyk I'.T. Pimak - KynbTypa BEeIMKHX MOXKJIHBOCTCH,
Kapnatu, ¥Ysxropon 1986, 62 c.

[6] Taiimam B.M., Pinak, B.J. Taiinam, M.M. Knumuyk, M.M. Makap, Cisepcist, IBano-®panki-
BChk 1998, 224 c.

[7] TMar. 72273 UA, MIIK F26B 11/00 (2011) VcranoBka st TepMooOpobku onieHacintst, Komap-
yyk Jmurpo CepriiioBuy, Jlucenko Biraniit [Tmnmunosny, Kaninivenko Poman AmnppiiioBud,
KotoB bopuc IBanoBMu; 3asiBHMK 1 BinacHMK HarioHaneHuii yHiBepcuTeT OiopecypciB i
MpUpoI0- KoprcTyBanHs Ykpaitu, Ne u201101687; 3assn. 15.02.201; omy6s. 10.08.2012, Bron.
Ne 15,2012 p.

[8] Kounparenko LII., HocmifykeHHS PO3MOIIY TEMIEpaTypy B 3aBaHTaXXCHHI IHITIHIPHIHOTO
innykropa, LII. Konnparenko, B.II. Jlucenko, J[.C Komapuyk, Haykosuit Bichuk, HVYBill,
K.: 2013, Ne 184, u. 1, c. 74-82.

[9] Kowumparenko IIL, Immykmifina ycraHoBKa [uisi TepMooOpoOku 3epha pimaky, LII.
Konnparenko, B.II. Jlucenko, A.O. Bepesiok, J.C Komapuyk, BicHuk arpapnoi Haykw,
ArapapHa HayKa,
K.: 2012, Ne 12, c. 55-58.

[10] ITar. 66838 UA, MIIK F26B 11/00 (2011) YcranoBka st TepMooOpoOKH HacinHs, Komapuyk
Jmutpo CeprittoBud, Jlucenko Birtamiit ITrmmmoswy; 3asBHUK 1 BracHUK HarmionansHumit
yHiBepcHTeT GiopecypciB 1 IpHpogoKopHcTyBaHHS Ykpaiau, Ne u201106029; 3assn. 16.05.2011;
omy61. 25.01.2012, bron. Ne 2, 2012 p.

[11] ITar. 99666 UA, MIIK F26B 11/00 (2011) Vcranoska yist TepMooOpoOku onieHacinust, Komap-
yyk Jmutpo Cepriiiosuy, Jlucenko Biramiii [Tunmunosuy, Jlyk’sHens Bacuns OnexcanapoBuy;
3asBHHUK i BacHUK HamioHanpHUI yHIBepcHTET 6iopecypciB i IPHPOTOKOPUCTYBAHHS Y KpaiHH,
Ne a201101017; 3asi. 31.01.2011; omy6:a. 10.09.2012, Bron. Ne 17, 2012 p.

[12] Crisp J., Woods J.L., The drying properties of rapeseed, J. Agric. Engng Res. 1994, 2, 89-97.

[13] Kacisauyk B./., Cemenosa JI.JI., ITepepobka HaciuHs Ha omito, Pimak, Cisepcis JITH, Isano-
-®pankiscek 1998, c. 189-205.

[14] Macnukos B.A., TexHomoruueckoe 00OpyJOBaHHE POM3BOJACTBA pPACTHTEIBHBIX Macel,
B.A. Macnukos, ITuiesast mpom-1b, M.: 1974, 500 c.

[15] JTucenko B.IL., Imentudikaris mporecy HarpiBy 3epHa pimaky, B.IT. Jlucenko, P.A. Kaini-
yenko, /I.C Komapuyk, Haykoswuii Bicuuk, HYBIll, K.: 2012, Ne 174, 4. 1, ¢. 98-100.


http://lavrin-oil.ub.ua/ru/goods/view/21236/all/maslopres-shnekoviy-mmsh-220-z-pidigrivom-sirovini-skovoroda
http://lavrin-oil.ub.ua/ru/goods/view/21236/all/maslopres-shnekoviy-mmsh-220-z-pidigrivom-sirovini-skovoroda

162

V. Lysenko, D. Komarchuk

[16]

[17]

[18]

[19]
[20]

[21]

[22]

[23]

JIucenko B.I1., MaTemaTiuHe MOJCIIIOBaHHS HECTAIlIOHAPHHUX TEIUIOBUX MPOLECIB IpeC-eKCTPyY-
Iepa 3 IHOYKUiHEM oO0IirpiBoM sk oOekTa 3 posmomineHuMu napamerpamu, B.II. Jlucenko,
B.I. Koros, I.C Komapuyk P.A. Kaminiuenko, [Ipami TaBpiiicbkoro aepxaBHOTO arpOTEXHITHOTO
yHiBepcutety, Menitonons 2012, Tom 2, Ne 12, ¢. 165-169.

JIucenko B.II., JlocmiukeHHsI TEXHOJIOTIYHUX MapaMeTpiB eKCTPYTyBaHHs OJii IpH mepepoOui
pinaxy 3 BUKOPUCTaHHSAM METO/IB IUIaHyBaHHA excriepuMenty, B.I1. Jlucenko, B.O. MipoiHuk,
.C. Komapuyk, Haykoswuii Bicauk, HYBilIl, K.: 2011, Ne 166, 1. 3, c. 98-104.

JIncenko B.II., MaremMaTndHe MOAENIOBAHHS TEIUIOBHX HPOILECIB Ipec-eKcpyaepa 3 IHIyKILiH-
HuM o6irpiBom, B.I1. Jlucenko, B.I. Kortos, /I.C Komapuyk, HaykoBuii BicHuk, HYBill,
K.: 2011, Ne 166, u. 4, c. 113-119.

Kawaguchi H., Enokizono M., Todaka T., Thermal and magnetic field analysis of induction
heating problems, Journal of Materials Processing Technology 2005, 161, Ne 2, p. 193-198.
I'mus30ypr A.C., Temmodusnueckue xapakTeprucTHKU NHIIeBbIX npoaykToB [Tekcr], A.C. I'unz-
oypr, M.A. I'pomos, I".11. Kpacosckas, [Tumesas npom-ctb, M.: 1980, 288 c.

Koros B.I., InenTndikamis 1MHaMiKN eIeKTPUYHIX YCTAaHOBOK TEPMOOOPOOKH (ypakHOTO 3eHa
npu BupoOHunTBi, B.I. Kotos, B.II. JIucenko, JI.C Komapuyk P.A., Kaninivenko, Haykosnit
BicHuK Memitonoss, 2012, Tom 4, Ne 2, ¢. 3-8.

Jlucenko B.II., Iatencudikauis temmepaTypHoi oOpoOku omiiiHoro HacinHs, B.II. Jlucenko,
J.C. Komapuyk, Haykoswuii Bicauk, HYBill, K.: 2012, Ne 161, ¢. 171-174.

CmupnoB H.B., Kypc Teopun BeposSTHOCTEH M MareMaTHUECKOW CTATUCTUKHU JJISl TEXHHUUYECKUX
npuioxenuii, H.B. Cmupnos, U.B. lyaun-bapkosckuii, Hayka, M.: 1969, 512 c.

Abstract

The mathematical model of the rape grain heating process at conductive heat input using induction
heating considering temperature distribution in the direction of the disperse material movement
is developed.

Pe3iome

Coznana MmaremarHdeckash MOJeENb Ipoliecca HarpeBa 3epHa parca HPH KOHAYKTHBHOM IIOZIBOZE
TEIUIOTHl ¢ WHAYKUMOHHBIM HArpeBOM YYUTBIBas paclpeleiieHHe TeMIepaTypbl B HarpaBieHHH
JIBIKEHHS TUCIIEPCHOTO MaTepuaa.



