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Abstract

To analyze the cooling process of raw cotton, a mathematical model is proposed in the form of a boundary value problem for a
system of thermal conductivity equations. The developed model makes it possible to describe the distribution and propagation
of heat within a fibrous mass represented in the form of a ball. Such an approach provides an opportunity to investigate the
thermal state of raw cotton during the cooling process and to determine the main regularities of heat transfer inside the fibrous
material. The proposed mathematical formulation takes into account the thermal conductivity processes occurring within the
fibrous mass and allows the temperature field to be determined as a function of spatial coordinates and time. The boundary and
initial conditions are formulated in accordance with the physical characteristics of the cooling process. This makes it possible to
obtain a mathematical description that adequately reflects the changes in temperature inside the considered fibrous medium
during cooling. Using the method of separated variables, an analytical solution to the proposed initial-boundary value problem
is obtained. The application of this method makes it possible to represent the solution in a convenient analytical form and to
analyze the dependence of the temperature distribution on the main parameters of the process. The obtained analytical results
provide a theoretical basis for studying the dynamics of heat propagation and evaluating the cooling efficiency of the fibrous
mass. The results of the study can be used to improve and optimize technological processes associated with the cooling of raw
cotton. In particular, the proposed mathematical model can contribute to the selection of appropriate cooling conditions and
technological parameters aimed at reducing excessive temperature increases and minimizing possible losses in fiber quality. The
obtained results may also be useful for developing more effective approaches to controlling thermal processes during the
processing and storage of fibrous materials. The work is of interest to specialists in the fields of thermal physics, heat transfer,
mathematical modeling, fibrous materials processing technology, cotton processing, and related scientific and engineering areas
concerned with the analysis and control of thermal processes in fibrous materials.
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1. Introduction

During cooling, a complex, non-stationary heat and mass
transfer process occurs in a cotton sack, determining its exter-
nal and internal states. External processes are characterized by
mass transfer from the sack’s surface to the surrounding envi-
ronment and heat exchange between the fiber mass and the
environment.

The rate of heat transfer within the cotton sack is crucial for
maintaining the quality of the fiber and seeds during cooling
[1-6]. Therefore, we examined the problem of heat transfer
within a cotton sack during cooling as a sphere.

2. Method of Research

The problem of heat transfer in a fibrous mass can be ex-
pressed as follows: A spherical body of radius R is given, pos-
sessing the property of isotropy, with a known initial temper-
ature distribution.

Convective heat exchange occurs within the body between
the fibrous mass and the air according to Newton's law. It is
necessary to find the radial temperature distribution of the fi-
brous mass and air at any given time.

Then, based on the laws of thermodynamics (Fourier’s and
Newton's laws of heat conduction, conservation of energy,
etc.), this problem can be formulated as a system of parabolic
differential equations [7-15]:

oT, 04T, 24T,
Cp— = [—l+—_lj+0‘(Tz—T1)

or or?2 r or
oT. o°T, 20T @
2 2 2
Copy—2=1,| —2+522 (T, -T,
2P2 75, ﬂﬂ(arz rarJ (T2-T)

with initial
Tl(I',O):TlO y Tz(r,o):TC
and boundary conditions

Tl(RvT):ﬂTc’ TZ(R’T):ﬂTC1(ﬁ>1)

n=1

s

=]
[N

n=1

s

>
Il
-

n=1

© 0 2
ZA’] (r)sin%nr =—aan:;‘A1 sin%nr(%nj +

0 2
Al (r)sin%n r= —alzﬁh sin%n r(%nj +

where ¢;,4;,p are the heat capacity, thermal conductivity,
and density of the fibrous mass and air, respectivly; ¢ isthe
heat transfer coefficient between the fibrous mass and air;
T,,T,, T, — is the temperature of the fibrous mass, air, and the

external environment, respectively; and Typ — is the initial

temperature of the fibrous mass [16-18]: .
Let's make a change of variables
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Considering the orthogonality of the function sin%n r
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Therefore, the solution to problem (1) has the form
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where A,(7),B,(7) are calculated using formulas (5) -
().

Below in Tables 1 and 2 are presented the calculation re-
sults obtained for the following values of the parameters of the
model under consideration [15].

For fiber: T,=70°C ; 4=007
R, =0,025; a=2,5; T, =10°C.

Table 1 shows the experimental and calculated data on
cooling raw cotton relative to the radius of the raw cotton lump
at an initial fiber mass temperature of 70 <C, lump radii of 200

mm, 150 mm, 30 mm, air temperature of 10 <C and initial raw
cotton moisture of 20%.

;¢ =1600 ;

Table 1. Experimental and calculated data on cooling relative to the radius of a raw cotton lump.

R, mm 200

T, a secund Experimental Calculations
0 T 70 70

50 Ty 62 63,36

100 T 46 47,15

150 T 30 30.98

200 T 21 21,81

Table 2 shows the experimental and calculated data on
cooling raw cotton relative to the density of raw cotton at an

150 30

Experimental Calculations Experimental Calculations
70 70 70 70

60 61,81 56 57,71

41 41,98 24 25,18

27 28,31 38 38,96

19 19,95 16 16,92

va 200 kg/m? and an initial raw cotton moisture content of
15%. Air temperature 10<C.

initial fiber mass temperature of 70 <C, lump density of 70; 160
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Table 2. Experimental and calculated data on cooling relative to the density of raw cotton.

P Density 70 kg/m3 160 kg/m?3 200 kg/m?

7, Time Experimental Calculations Experimental Calculations Experimental Calculations
0 T 70 70 70 70 70 70

20 T 46 46,96 58 59,01 68 69,11

40 T 28 28,75 40 41,05 57 58,08

60 T 19 19.91 24 24,61 50 50,82

80 T 20 19,82 41 41,65

100 T 38 38,52

An analysis of the results in Tables 1 and 2 shows that the
lump diameter significantly influences the process intensity;
i.e., as the lump diameter increases, the fiber cooling rate de-
creases sharply. The temperature difference in the seeds along
the lump radius and the temperature difference between fibers
and seeds located at equal distances from the lump surface are
very large, leading to uneven cooling of the raw cotton com-
ponents. To increase the seed cooling rate and achieve uni-
form drying, it is necessary to organize the cooling period for
the raw cotton in a loosened state, i.e., to reduce the lump di-
ameter whenever possible.

4. Conclusions

This paper presents an analytical study of the cooling prob-
lem of fibrous mass. Based on mathematical modeling of the
heat transfer process, analytical solutions were obtained that
allow us to describe the temperature distribution in the fibrous
medium as a function of time and spatial coordinates.

The main results of the paper include:

1. Formulation of a mathematical model of the cooling pro-
cess, taking into account the thermophysical properties
of the fibrous mass, as well as the boundary and initial
conditions.

2. Analytical solution of the problem using mathematical
physics methods, such as separation of variables or inte-
gral transformations.

3. Analysis of the influence of parameters (thermal conduc-
tivity, heat capacity, material density) on cooling dy-
namics.

4. Practical significance of the obtained solutions, which
can be used to optimize industrial processes related to
the processing of fibrous materials.

The obtained results demonstrate that the analytical ap-

proach allows not only a qualitative description of the cooling
process but also a quantitative assessment of the influence of
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various factors on its dynamics. This opens up opportunities
for developing more effective methods for controlling thermal
processes in fibrous materials.

In the future, a promising direction of research may be the
consideration of nonlinear effects, such as the dependence of
thermophysical properties on temperature, as well as numeri-
cal modeling for more complex geometric configurations and
boundary conditions.
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