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Abstract: The article considers one boundary value problem for systems of parabolic type,
consisting of two differential equations for determining the temperature and moisture content
of a lump of raw cotton during drying in dryers. Based on the laws of thermodynamics (the
laws of thermal conductivity of Fourier, Newton, conservation of energy, etc.), this problem is
formulated as a system of differential equations of parabolic type An approximate solution of
the problem under consideration was constructed using the variational-grid method, and a
comparative analysis with experimental data was carried out. To solve this problem, was
used the Galerkin variational method, i.e. introduce the basis function g¢i(x) satisfying the
conjugacy condition ¢i(0)=0. A comparative analysis shows that the error in the calculated
and experimental data is no more than 4-5%. And this makes it possible to analyze the
heating rate in the form of a lump.
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l. Introduction

A lump is called raw cotton, which has a small volume in the form of a ball. In artificial
or natural drying, raw cotton usually comes in the form of a ball [1-4]. In the process of
drying in a lump of wet raw cotton, a complex non-stationary heat-mass transfer process takes
place, which determines the external and internal states. External processes are characterized
by mass transfer from the surface of the lump to the environment and heat transfer between
the fiber and the medium. Internal processes occur due to the imbalance of moisture in the
volume of raw cotton clods, caused by external heat and mass transfer [5-7].

Of great importance for maintaining the quality of the fiber and seeds during drying is
the rate of heat distribution in the lump of raw cotton [8-10]. In this regard, we have
considered the problem of heat propagation in a lump of raw cotton.

I1. Review of Literature

In connection with the given data of the introductory part, it became necessary to
conduct research. The search for literature on this study was carried out in the period 2018-
2020, in Internet sources (https://www.google.com, WWW.SCOpUS.com,
https://sciencedirect.com, https://www. webofscience.com) [1-30].

I11. Research Methods

Problem statement and solution method. The problem of heat and mass transfer in a
lump of raw cotton can be expressed as follows: An inhomogeneous two-component spherical
body of radius R is given, which has the property of isotropy, with a known initial
temperature distribution: ul(0,r)=g1(r), u2(0,r)=g2(r), - the initial temperature of seeds and
fiber, located at a distance r from the center of the lump; Inside the body there is a convective
heat exchange between the components (between the seed and the fiber). On the surface of
contact with the medium, convective heat transfer occurs according to Newton's law, while
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the heating of the body occurs evenly over the entire surface of the body. It is required to find
the radial temperature distribution of the body components at any time.

Then, relying on the laws of thermodynamics (the laws of thermal conductivity of
Fourier, Newton, conservation of energy, etc.), this problem can be formulated as a system of
differential equations of parabolic type [11-14]:

2
aul:al[a ul +2.aulj+ @ [uz_ul]_kcifl(z-)

or o2 r or) cp 10,
Ny _ az[azuj +2-auzj+0[[ul -u, L f,(z)
or or r or C,p, C,0, (1)
with initial
ul(r, 0)=g1(r), u2(r,0)=g2(r) 2
and boundary conditions: at r=R
_M L, [ug —u,]=0
ar 1L¥B 1
—%+a2[u5 _Uz]:O
or (3)

Where al heat transfer coefficient between the seed and the heat carrier; a2- is the
coefficient of heat transfer between the fiber and the heat carrier; a is the coefficient of heat
transfer between seed and fiber; f1(t), f2(t)- given continuous functions describing the
process of evaporation of moisture from the seed and from the fiber, respectively, uB- air
temperature t- drying process time; ul(r, t), u2(r,t)- the desired functions representing the
temperature of the seed and fiber at point r at a given time .

At smaller R, the lump radius can be assumed that at the initial time the temperature of
the raw cotton components is constant, i.e.

ul(r,0)=u10 , u2(r,0)=u20

We integrate the last inequality over t. Taking into account the inequality
1
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Then, substituting all estimates into (4), we obtain a differential inequality for yn(z),

d{j”z(_r) <M -y, (7)+F,(7)

from which, in turn, by virtue of the theorem on differential inequalities, the inequality
follows

dy,(z) <% . F(r)
dr
Hence, using estimates (5) obtained for the initial conditions, we have:
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where 2 - is the right side of the inequality (5). The last relations imply the stability of the
algorithm for constructing an approximate solution and the numerical stability of the
approximate solution in L2(€2).

Table 1 below shows the calculation results obtained for the following values of the
parameters of the considered model [15-18].

For seeds: u10=100C; 11=0.26; c1=1800; p1=50; R1=0.006; k1=0.005; WH1=19; 0=2.30 ;
€1=0.8; r21=2082000; WP1=8; a1=2.01;

For fiber: u20=150C; A2=0.07; c2=1600; p2=12; R2=0.025; k2=0.0003; WH2=9; £2=0.8;
WP2=0; a2=2.5; R=0.11.

Table 1. Calculation results obtained for the following values of the parameters of the
considered model

r (01 Jo2 Jo3 o4 Jo5 |06 [07
T Temperature field of raw cotton components
60 ul |28.41 |27.98 |22.585 |19.264 |17.257 |16.032 | 15.262
u2 |48.18 |46.65 |37.922 |31.277 |26.143 |22.218 |19.261
120 ul |34.14 |33.40 |27.304 |22.999 [19.997 |17.939 |16.532
u2 |56.89 |54.26 |45.507 |38.577 |32.876 |28.144 |24.228
180 ul |38.36 |37.25 |30.884 |26.086 |22.521 |19.893 |17.98
u2 |61.95 |58.49 |49.815 |42.891 |37.082 |32.127 |27.883
240 ul |41.78 |40.31 |33.733 |28.720 |24.811 |21.789 |19.484
u2 |65.32 |61.21 |52.612 |45.738 |39.920 |34.897 |30.524
300 ul |44.70 |42.88 |36.192 |31.02 |26.089 |23.086 |20.981
u2 |67.744 |63.10 |54.551 |47.728 |41.929 |36.89 |32.46
360 ul |47.262 |45.09 |38.336 |33.060 [28.773 |25.27 |22.436
u2 |69.549 |64.48 |55.947 |49.165 [43.389 |38.35 |33.897

The following table 2 shows the results of the calculation regarding the radius of the
raw cotton ball, at an air temperature of 1000C, with an initial temperature of 150C and with a

humidity of WH1= 19%, WH2=9% of seeds and fiber, respectively. Drying time 360
seconds.

171



Below are the experimental and calculated data on the change in the temperature of
the components of raw cotton (Table 3).

Table 2. Results of the calculation regarding the radius of the raw cotton ball.
r 0.1 0.2 0.3 0.4 0.5 0.6 0.7
ul(r.r) 47.262 | 45.099 |38.336 |33.060 |[28.773 |25.272 |22.436
u2(t,r) 69.549 | 64.478 |55.947 |49.165 |43.389 |38.348 |33.897

Table 3. Experimental and calculated data on the change in the temperature of the
components of raw cotton.

Lump diameter R=70 cm; air temperature 130 oC,

initial moisture 17.4 %; drying time 360 sec.

Drying Seed temperature Fiber temperature

time Experimental | Calculated | Experimental | Calculated
0 10.0 10.0 10.0 10.0

15 26.0 29.0 37.0 39.5

30 34.0 35.2 42.0 44.2

45 46.0 45.7 45.0 48.6

60 52.0 53.1 60.0 56.8

90 64.0 63.4 88.0 84.3

Analysis of the results of Table 3 shows that the diameter of the lump significantly
affects the intensity of the drying process, i.e. with an increase in the diameter of the lump, the
rate of heating of seeds and fibers sharply decreases. The temperature difference in seeds
along the radius of the lump and the temperature difference between the fibers and seeds
located at the same distance from the surface of the lump is very large, which leads to uneven
drying of raw cotton components. To increase the rate of heating of seeds and achieve
uniformity of drying, it is necessary to organize the drying of raw cotton in a loosened form,
i.e. if possible, reduce the diameter of the lump.

IV. Results and Discussion

The article considers a boundary value problem for parabolic type systems to determine
the temperature and humidity of raw cotton components during drying in dryers. An
approximate solution of the problem under consideration is constructed by the variational-grid
method. The stability of the approximate solution of the Galerkin method is established under
the condition of strong minimality of the coordinate system. A comparative analysis with
experimental data has been carried out.

V. Conclusion

Analysis of the results shows that the diameter of the lump significantly affects the
intensity of the drying process, i.e. with an increase in the diameter of the lump, the rate of
heating of seeds and fibers sharply decreases. The temperature difference in seeds along the
radius of the lump and the temperature difference between the fibers and seeds located at the
same distance from the surface of the lump is very large, which leads to uneven drying of raw
cotton components. To increase the rate of heating of seeds and achieve uniformity of drying, it
IS necessary to organize the drying of raw cotton in a loosened form, i.e. if possible, reduce the
diameter of the lump. A comparative analysis shows that the error in the calculated and
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experimental data is no more than 4-5%. And this makes it possible to analyze the heating rate in
the form of a lump. It is shown that the proposed mathematical model and its numerical
algorithm adequately describe the determination of the temperature of the fiber and seeds of the
lump in the process of drying raw cotton.
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