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Abstract.The method of determining thermal coefficients in
solutions of the heat equation with boundary conditions of the third kind
of experimental data kinetics heating weevil.

Keywords: heat treatment of grain, thermal coefficients,
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Formulation of the problem. In industrial processes postharvest
processing of grain the leaders thermal treatment. Thermal processing
grain not only to preserve the quality of harvested grain, and in the
process increase its postharvest heat treatment [1]. Development,
improvement and intensification of heat treatment processes
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based on the theory of heat conduction part of which is knowledge and
analysis of thermal properties zernomaterialiv - as objects of heat
treatment methods and to select optimal modes of the process and on
this basis - to create a rational design of vehicles. That is, the rational
use of analytical mathematical models of heat conduction theory into
practice requires knowledge of the properties of various zernomaterialiv
that undergo heat treatment, such as thermal properties and their
guantitative characteristics [2].A - Heat. Also they have a coefficient of
heat transfer a. The value of the coefficient of heat transfer depends on
the nature of a heating or cooling medium, temperature and circulation,
temperature surface grains, so this factor is the most difficult to define.
Therefore, the solutions of mathematical equations of heat conduction
ratio of heat transfer coefficient replace criterial dependencies, including
Bio criteria:

_aR
- ®

where:a - Coefficient of heat transfer between the grains and the
environment, A - Thermal conductivity weevil, R - equivalent radius
grains. Criterion Bio characterizing heat transfer between the grains and
the environment in the convective heat transfer and can be defined
criterion of empirical relationships [4].

Analysis of recent research. To determine the thermal
coefficients a - thermal and A - Thermal conductivity, there are two basic
approaches. The first (traditional) - experimental determination of thermal
characteristics of the known methods based on solving boundary value
problems of heat conduction [5]. The second - an analytical
determination of thermal characteristics on the basis of theoretical ideas

Bi
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about the mechanism of heat transfer in model structures characteristic
of real solids and disperse systems [6].

But the existing literature [2, 7-9] data on the thermal
characteristics zernomaterialiv obtained by the methods listed
significantly different, and the difference in values can reach 50%.

The purpose of our research was to develop a method for
determining thermal coefficients in solutions of the heat equation (in the
case of convective heat transfer) at the lowest possible for this resource
expenses and maximum ordinary experimental studies with sufficient
accuracy to allow identification of heat treatment processes
zernomaterialiv.

Results.Weevil take shape in the form of a ball (which is especially
important for legumes), equivalent radius which determines how the
radius of the ball that has a volume equal to the average amount (by
weight) particles:

1 /6:V
REZE' ] (2)

T
where:V =G/n-p, - The volume of a weevil; G and n - random sample

weight according caryopsides and number caryopsides in navazhtsi, ppy-
Average density caryopsides.

Heat transfer between the grains and the environment considering
the law convection. Obtain the problem of heat transfer boundary
conditions in the third race. We write the differential equation for heat
conduction balls:

ot(R,7) ot(r,z) 2 ot(r,7)
=a- S S
ot ( ot v o ) ®)
The initial and boundary conditions for convective heat transfer as
follows:
CMRD) Ly —t(Rin)]=0, HOD g
or or t(O,T) # 0, '[(I’,O) =f (r) . (4)
The task of cooling the law convection balls in the initial distribution

of temperature t (r, 0) = f (r) during the third kind boundary conditions will
have a decision [2]:

. r
. Sin(u, +) & o

4 24, . R . ) r ~Hh
t(r,z)—t, ;ﬂn_sin(ﬂn)cos(ﬂn) — !r fu(r)sin(u, —)dre ", (5)

where: f1 (r) - a function, which is determined from the ratio:
f(r)=f(r)-t, (6)
where: tc - temperature environment (air).
If the temperature of grains at the initial time is independent of r:

304



t(r,0) = f(r) =t, = const (7)
Is integral in (5) can be found and it is written in the form:

. r
0 i — Sln(:un 7) _ g.ﬂ
()1, =t 13 25) 4 C0S(e)) T R ®)
n=1 ,Lln—Sln(,Un)COS(,Un) r':un
In formulas (5), (8) », determined by the characteristic equation:
1- Bi
ctg(s) == (9)
U
To determine the changes in average temperature weevil use
zalizhnistyu:

t(r) =%'Rfr2t(r,r)dr. (10)

If we substitute (8) to (10) and trigonometric functions replaced by
un Bio criteria and in accordance with the characteristic equation (9) we
get after integration [2]:

_ i 6Bi? ‘ﬂg‘%
t(T) tc +(t0 tc);ﬂnz(luﬁ 1 Bj? —Bi)e

The change in the average temperature of grains by time (kinetics
of cooling or heating) is easy to determine experimentally. To use the
experimental points determined the kinetics of cooling (heating) grains in
the search for the unknown thermal coefficients (a - thermal and criterion
Bio) in equation (11) by the algorithm Levenberg-Makvarda, approximate
empirical dependencies solutions, -, transcendental equation (9).

Numerical solutions of equations (9) got into mathematical package
Mathcad 14 features. 1.

(11)

" Mathcad - [PoapaxyHok_xopeHiB_xapakTe pHCTHUHOTO_piBHAHHA]

m File Edit “iew Insert Format Tools Symbolics  Window  Help

Bi=0% DRIGIN =1
F() = col() + =
1=1.09
b = root[f ), 01— 1w + 0.001 (57 — 0.001]

|.LT=[:1.432 46696 Tedad 109774 14123 172672 204106 235335 26.6%4)

Fig. 1. Definition of the roots of the characteristic equation (9) in the
mathematical package Mathcad.
For p Following the numerical experiments with different

structures approximating mathematical package Statistica 10 empirical
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relationship is determined with the highest multiple correlation (R =
0,99981) type:

1, =D, +b,Bi+b,Bi" : (12)
where: coefficients: b0 = -0,090821, bl =-0,27041, b2 = -1,924477, b3 =
0,461608, Bi = 0,02+10.5. Graphic illustration ongoing approximation
shown in Fig. 2.

Maodel: v1=b0+b1™vT+b2™v7T b3
y=(-,09082)+(- 27041)*x+(1,92448)*x"(,461608)

30

T o > P 8 3 10
Bi
Fig. 2. Graphic illustration approximation (¢ - 1 - the point at which
the value 1, is the numerical solution of equation (9), 2 - approximating

dependence graph (12)).

For u,-u, approximating different points in Bio define a polynomial

of the second degree:
1 =b, +bBi+b,Bi’. (13)
The coefficients dependence (13) defined in a package Statistica
10 and presented in Table. 1.

1.
R (coefficient of
1 b0 bl b2 multiple
correlation)

L2 4.49427 0.228132 -0.0108 .9998

3 7.72303 0.136715 -0.00428 .9999

L 10.90255 0.09611 -0.00206 .9999

Us 14.06520 0.07373 -0.00112 .9999

s 17.22012 0.05973 -0.00067 .9999

depending identified x - 4, to substitute Vi dependent (11) and with
the built-in  mathematical functions genfit package Mathcad, which
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implements the algorithm Levenberg-Makvardta, and define the value of
Bi and in which the relation (11) will most accurately describe a given set
of experimental points. Initial estimates a priori and Bi set of process
parameters for process heating (cooling) take the literature. Screen
fragment and settlements and Bi formulas (11) - (13) in the package
Mathcad shown in Fig. 3.

m File Edit View Insert Format Tools Symbolics Window Help

“ Mathcad - [Igenmudiravia_23_08_2015xmed]

D-EE| SR Y B oo™t (e =|&@0|bx -] E
Mormal - | arial (o ~| B I U = == i=
| | [0 ~ E | |
2= 0000821-0270410-Bi 1.
o
2 R
tc + (t0 — tc)- GBI e .
|—0.000821 — 0.270410-Bi + 1_9244??-BiD'”mﬁDS,r-[Bi: —B +l-00

a-7\- 0.090821-0.270410-Bi+1
RJ

F(t.a.Bi) = 6Bite
H d—tc—(tU—th- i
da

5
nARTAND L= |— a
)

) L
[|—0.090821 — 0.270410-Bi + 10244778~ """ [Bi" = Bi + [0,

a-7-| - 0.000821-0.270410-Bi+1

2 R’
6-Bi e
d_ tc + (t0 — tc)-
dBi ) 2|,
i |-0.000821 — 0270410 Bi + 1.024477.5i"#616%8) -[Bi‘ —Bi+ |0

{ -7

g=| L7-10 |- anpiopHi NpUBNWaHI NOYATKOBI 3HAYEHHA WYKaHWX KoeqiLleHTIB
1 1 J
\ /

P = genfit(r.Y.g.F)

-

p
| 3132 | .
po|312Ex 10 | - peayneTaT poapaxyHkie

. o41378 )

a=Pp Bi=P

Fig. 3. Screen fragment genfit implement the function in the
mathematical package Mathcad to determine the thermal diffusivity and
criteria and Vi.

Substituting the values of A and Bi in the formula (11) we obtain
analytical dependence of the temperature of grains and rice. 4. If the
formula (11) to substitute the resulting value of the coefficient of thermal -
but instead substitute Vi dependence (1) The technique then you can
find rates A - Thermal conductivity and grains a - Heat exchange
between the grains and the environment, Fig. 5.
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Ll

3 10 13 20
T,C
Fig. 4. Change in average temperature weevil (1 - experimental
data, 2 - analytical curve obtained by the formula (11)).

Tl Mathcad - [laentndirauia_23_08_2015.xmecd)]

mFile Edit View Insert Format Tools Symbolics Window Help

N-SHGRY| 28 oo (D=0 o
[Normal vIAriaI vlll:.'l v]l B 7 U |§ El = §E|
a-T- — 00808
fc_\-R\-J - I
§- T: i
tc + (0 — tc)- a0 -
aR £ o g\ 0461508 |
~0.090821 — 0270410-—— + 1924477 —— | 1{-
L A oA N
a-"-|:— 0.09(
’c\.R\-J ]
Flr.ooh) = 6 — | e
e ~
d—[c—([[]—[c)- SRS -
dox o R Fo R\ 0461608]°
0090821 — 0270410 —— + 1924477 — | 1|
L M X
i i r
a-'l'-[— 0.090
'(f\-R\'J T
(5
d—[c—([[]—[cj- ~ .
dx oR £ o g\ 0-461608]° |
0090821 — 0270410-—— + 1924477 — | {1
L L L| A N 4 '
(2507
= | 0 | - anpiopHi NpuBAKUaHi aHaYeHHA KoedilyiexTie o i A
WOl )/

P = genfit(r . YV.2.F)

|f 6623047
\os0s22 ) a=Po . p

R .
PD-P— = 041378 4 Bi = 041379
1

Fig. 5. Screen fragment genfit implement the function in the
mathematical package Mathcad to determine the thermal conductivity -A
and heat - a.
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With thermal coefficients determined by the method given

temperature field find grains during cooling formulas (8) (12) (13) Fig. 6
and Fig. 7.

tDC 63

60

55

50

45

T.C

Fig. 6. Temperature distribution in zernivtsi in the cooling process
(1 - R =0.0038 m - surface grains, 2 - R = 0.0036 m 3 - the average
temperature in grains, 4 - R = 0.0019 m, 5 - R = 0.0001 m - Center
grains) .

Fig. 7. The temperature field grains.
Conclusions

The resulting method of determining thermal coefficients of
solutions of the equations of the theory of thermal conductivity allows the
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identification of experimental and analytical method of heat treatment
processes zernomaterialiv with sufficient accuracy for engineering
calculations.

The use of thermal processes in the calculation of analytical
mathematical models can use these models for a wide range
zernomaterialiv and conditions of the heat treatment.
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