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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 
quantitative characteristics [2].λ - Heat. Also they have a coefficient of 
heat transfer α. 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: 

λ
αRBi = ,      (1) 

where:α - Coefficient of heat transfer between the grains and the 
environment, λ - 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 λ - 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 
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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: 

3
6

2
1

π
VRe
⋅

⋅= ,     (2) 

where: mnGV ρ⋅= /  - The volume of a weevil; G and n - random sample 
weight according caryopsides and number caryopsides in navazhtsi, ρm- 
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: 
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The initial and boundary conditions for convective heat transfer as 
follows: 
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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]: 

2
2

1 0
1 )sin()(

)sin(

)cos()sin(
2),( R

a

n

R

n

n

nnn

n
c

n
edr

R
rrfr

Rr
R
r

trt
τ

µ
µ

µ

µµµ
µ

τ
⋅

⋅−∞

=
∑ ∫ ⋅⋅

⋅
⋅

−
=− , (5) 

where: f1 (r) - a function, which is determined from the ratio: 
ctrfrf −= )()(1      (6) 

where: tc - temperature environment (air). 
If the temperature of grains at the initial time is independent of r: 
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consttrfrt === 0)()0,(      (7) 
is integral in (5) can be found and it is written in the form: 
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In formulas (5), (8) nµ  determined by the characteristic equation: 

⋅
−

=
µ

µ Bictg 1)(      (9) 

To determine the changes in average temperature weevil use 
zalizhnistyu: 
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If we substitute (8) to (10) and trigonometric functions replaced by 
µn Bio criteria and in accordance with the characteristic equation (9) we 
get after integration [2]: 
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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 61 µµ −  transcendental equation (9). 
Numerical solutions of equations (9) got into mathematical package 
Mathcad 14 features. 1. 

 

 
Fig. 1. Definition of the roots of the characteristic equation (9) in the 

mathematical package Mathcad. 
For 1µ  Following the numerical experiments with different 

structures approximating mathematical package Statistica 10 empirical 

305 



relationship is determined with the highest multiple correlation (R = 
0,99981) type: 

3
2101

bBibBibb ++=µ  ,    (12) 
where: coefficients: b0 = -0,090821, b1 = -0,27041, b2 = -1,924477, b3 = 
0,461608, Bi = 0,02÷10.5. Graphic illustration ongoing approximation 
shown in Fig. 2. 
 

 
Fig. 2. Graphic illustration approximation (♦ - 1 - the point at which 

the value 1µ  is the numerical solution of equation (9), 2 - approximating 
dependence graph (12)). 

 
For 62 µµ −  approximating different points in Bio define a polynomial 

of the second degree: 
2

210 BibBibb ++=µ .     (13) 
The coefficients dependence (13) defined in a package Statistica 

10 and presented in Table. 1. 
 

1. 

µ b0 b1 b2 

R (coefficient of 
multiple 

correlation) 
µ2 4.49427 0.228132 -0.0108 .9998 
µ3 7.72303 0.136715 -0.00428 .9999 
µ4 10.90255 0.09611 -0.00206 .9999 
µ5 14.06520 0.07373 -0.00112 .9999 
µ6 17.22012 0.05973 -0.00067 .9999 
depending identified 61 µµ −  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. 

 

 
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 λ - Thermal conductivity and grains α - Heat exchange 
between the grains and the environment, Fig. 5. 
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Fig. 4. Change in average temperature weevil (1 - experimental 

data, 2 - analytical curve obtained by the formula (11)). 

 
Fig. 5. Screen fragment genfit implement the function in the 

mathematical package Mathcad to determine the thermal conductivity -λ 
and heat - α. 
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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. 

 

 
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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