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ABSTRACT:The paper deals with the construction of a mathematical model of the cotton 
drying process, taking into account the thermal and mass transfer properties of raw cotton 
components. To determine changes in the temperature of the fibre and raw cotton seeds, 
the application of Fourier's law is proposed. The mathematical dependence of the change 
on the humidity of the cotton fibre and seeds along the length of the drum is determined.
The rational value of the heat agent consumption in the process of drying raw cotton is 
also determined. Research methods are based on the provisions of modern trends in 
management theory and identification. Mathematical models are constructed using 
analytical methods and equations that describe the physical properties of an object. 
Methods for constructing a mathematical model usually rely on experimental methods, in 
particular, the method of acceleration curves, and as a result, the mathematical description 
becomes a priori inaccurate. It is shown that the mathematical model used is quite adequate 
for the dynamics of a real object, fully describes it, and characterizes it over the entire 
range of changes. The analysis of the developed mathematical model based on simulation 
showed the adequacy of the obtained mathematical dependence of the temperature regime 
of the cotton drying process with the consumption of heat agent.

ABSTRAK: Kajian ini membincangkan tentang penciptaan model matematik bagi proses 
pengeringan kapas, dengan mengambil kira terma dan sifat-sifat pindah jisim komponen 
kapas mentah. Bagi mendapatkan perubahan suhu fabrik dan biji benih kapas mentah,
penggunaan hukum Fourier telah dicadangkan. Kebergantungan matematik pada 
perubahan kelembapan fabrik kapas dan biji benih sepanjang drum telah diperolehi. Nilai 
bersesuaian menggunakan ejen haba dalam proses pengeringan kapas kering mentah 
didapati. Kaedah kajian berdasarkan tren moden dalam teori pengurusan dan 
pengenalpastian. Model matematik dibina dengan menggunakan kaedah analisis dan 
persamaan yang menerangkan ciri-ciri fizikal pada objek. Kaedah bagi membina model 
matematik selalunya bergantung pada kaedah eksperimen, khususnya, kaedah pecutan
melengkung, dan hasilnya, penyataan penaakulan matematik menjadi tidak tepat. Model 
matematik yang digunakan adalah cukup bagi objek dinamik sebenar, dengan penerangan 
penuh dan perincian ke atas keseluruhan perubahan. Analisis model matematik yang 
terhasil berdasarkan simulasi, dilihat cukup kebergantungan matematik terhasil melalui 
proses pengeringan kapas pada aturan suhu dengan ejen haba. 
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differential equations; temperature
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1. INTRODUCTION
Raw cotton, as an object of drying, refers to capillary porous-colloidal, heterogeneous

materials. Its main components are fiber, skin, and seed core. The structure of the fiber refers
to capillary-porous materials.

Due to the structure of raw cotton, the removal of moisture from the core is slow and 
depends on many factors. Depending on the humidity between the skin and the seed core, 
air layers are formed, the size of which depend on the maturity and humidity of the seeds. 
With the presence of an air layer, the process of heat and mass exchange between the skin 
and the seed core changes significantly, due to the formation of additional resistance to the 
movement of moisture and heat between the components of raw cotton [1].

The intensification of heating of porous materials, in particular the drying of raw cotton, 
is determined by the laws of heat and substance transfer inside the body (internal heat and 
mass transfer) and between the surface of the body and the environment (external heat and 
mass transfer). To properly understand the mechanism of these processes under thermal 
influence, it is necessary to develop a thermophysical model of raw cotton that describes the 
heat and mass exchange processes between the components (fiber and seeds) and the 
thermal agent (heated air).

When exposed to heat, the thermodynamic equilibrium in the material is disturbed, 
resulting in internal heat and mass transfer processes associated with the transfer of heat and 
matter (moisture) in the raw cotton components. In this case, the exchange processes can be 
implemented:

- due to surface heat and mass transfer;

-internal convective heat exchange between raw cotton components according to
Newton's law, according to which the flow of heat and matter will be proportional to
the difference in temperature and moisture of each component;

- internal convective heat and mass exchange between the material components and
the heated air mass (heat agent);

- transfer of heat and moisture as a result of flow movement in the pores of raw
cotton;

- transfer of heat and moisture by diffusive phenomena occurring in each component of
the material in the air.

When creating a control system for the technological processes of raw cotton 
processing, it is necessary to use the entire arsenal of modern theory and practice of 
automatic control and management, and in addition, it is necessary to have information 
about the behaviour of the technological control object under the influence of control 
actions. Effective management of processes and industrial facilities is possible when the 
main characteristic features inherent in the object are presented in the form of a 
mathematical description [2-4].

The development of a control system for the process of cotton processing that can 
provide the required quality of management in the conditions of rapid changes in the 
parameters of processed raw cotton with changes in environmental indicators is an urgent 
scientific and technical task. The solution to this problem will significantly improve the 
quality of management of technological process parameters.

To solve this problem, the processing raw cotton is functionally decomposed into sub-
processes, the structure of which changes over time depending on such factors as changes 
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in the quality requirements of cotton fibre and raw cotton source material, as well as on the 
operating modes of aggregates, changes in technological regulations, and production 
situations.

The complexity of mathematical modelling of the technological process is caused by 
the insufficient level of development of the theory, the presence of a large number of factors 
that affect the course of the process, the difficulty of assessing the objective relationship 
between a set of disturbing factors, as well as the non-stationary parameters of the 
technological object and their weak observability in real time [4,5]. These factors determine 
the formalization of the processes, taking into account the main parameters that define it.

It is known that the process of cotton processing consists of interrelated sub-processes, 
the technological parameters of which significantly affect the quality of the produced pre-
product-cotton fibre. At the same time, the most important among them is the process of 
drying raw cotton [6-8].

2. FINDING SOLUTIONS METHOD
Based on the analysis of the functioning of the drying drum, the facts of the existence

of functional relationships of each parameter with others are revealed and subsets of 
interrelated parameters are formed based on these features. The subsets obtained in this way 
are combined into a common set (set) of interrelated parameters and divided into groups of 
input parameters U(t), output у(t), variable States х(t), and the drying process. The input 
parameters of the drying process include: raw cotton consumption 1uGc , fuel consumption 

2uGT , humidity of raw cotton 3uc , air flow- 4uGb , air temperature- 5utb ,air 
humidity- 6ub . The output parameters of the object are: cotton humidity at the outlet of 
the drum - `1yx , temperature of cotton at the exit of the drum - 2ytx , output of cotton
from the drum- 3yGx temperature of the waste heat agent- 40 yt , and humidity of the 
selected heat agent- 50 y output of the selected heat agent- 6yGa . In this case, the 
number of variable state parameters selected: dehumidifier in the drum- 1xb temperature 
in the drum- 2xtb , all cotton in the drum- 3xGb , heat agent temperature- 4xta , heat agent 
consumption-

5
xGa , and humidity of the heat agent- 6xa .

Using the method proposed in this paper [5-9] we will make differential equations of 
heat and mass transfer processes in each phase of raw cotton.

Select the volume of the material V bounded by the surface S and denote by ilij JJ ,

and 2iJ accordingly, the flow of moisture in the form of liquid (i=l) and steam (i=2) 
through the surface S, through - ilij UU , and 2iU corresponding to the moisture content in each 
component. Changing the moisture content ijU in volume V occurs due to the derivative 

t
Uij internal moisture exchange between components according to Newton's law. 

According to the law of conservation of mass of a substance a second change in the 
moisture content of a material in volume V is equal to the amount of liquid entering this
volume per unit of time, both due to its inflow through the surface S, and due to its receipt 
from sources [10-14].
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Find expressions for the vectors .ijJ For this purpose, we use Fourier's law, according 
to which the flow vector will be collinear to the gradient of changes in moisture and 
temperature.
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3. SOLVING THE PROBLEMS
The system of equations (1) – (3) describes the process of mass transfer in raw cotton

components under the known law of change in the temperature of the fiber, for which we 
use Fourier's law. Heat consumption for heating components, as well as heat exchange 
between components:
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where with k and )(kr - coefficients of thermal conductivity and specific heat of
transformation (for fibre (k=1), for seeds (k=2)) and air (k=3), ijα - coefficients of internal 
heat exchange between fibres and seeds (i=1, j=2), air and fibres (i=1, j=3) and air and seeds 
(i=2, j=3). The power of the source when transferring vaporous moisture will be equal to  

2111 = II and is determined from the condition ,0=21

t
U

which gives
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Substituting (1) in equation (4), using the expression (7), we get
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Equations (1)-(3), (8)-(10) for known densities kρ , heat capacity kc and transfer
coefficients ,~,,, )()()( k
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ik αba ,, )()( form a closed system for determining the moisture content and temperature of 
the fiber ( 11,TU ),  seeds' ( 33,TU ).

Introducing the coefficients of the phase transformation of a liquid into steam iik εε , and
thermogradient coefficients according to iik δδ , the formulas
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one-dimensional transfer case (flat case n=0, cylindrical symmetry n=1 and the case of 
spherical symmetry n=2) give the equation (1)-(3), (8)-(10) to mind
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where i=1, 2, 3, c21= c12, c32=c23, 2332 = εε , ,= 2121 αα .= 2332 αα

To integrate equations (11) and (12), the following initial, boundary, and symmetry 
conditions must be met:
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criterion for the i-th phase, icic ηα , coefficients of heat and mass transfer of the i-th phase 
with the external environment, TC and UC-values of temperature and humidity of the 
external environment.

For a moving medium, the time derivative operator 
t
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where iv is the speed of movement of fibres (i=1), seeds (i=2) and air (i=3)

In the case of a one-dimensional (n=0) stationary transfer mode ,0(
t

Ui 0=
t

U i ) at 

constant values of travel speeds ,0 constvv ii thermal and mass transfer parameters of 
raw cotton components [11-17].
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temperature and moisture of any component (for example, air) of raw cotton. The system in 
Eq. (14) and (15) are integrated under the following boundary conditions
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As an example, consider the process of drying raw cotton in a dryer in a drum, where 
the fibres and seeds move at the same speed 02010 and equal in size 300 q . The 
research is carried out using the following initial data, corresponding to the properties of the 
real properties of raw cotton and the parameters of the dryer [6]:

1,0,,1.0
,10,20,20,150,20,20,10,20

0302015.01312231312

32132100

KKKppp
UUUTTTUТ nnnnnn

The maximum values of seed moisture are 20% at the beginning of the drum, i.e. before 
drying, and at the end, i.e. at the end of drying %5.17 .  The pattern of removing moisture 
from the fibre differs significantly from similar patterns corresponding to seeds. At the 
beginning and end of the drying process the fibre humidity has the following limits 20% и 

12%.

Based on equation. (14) and (15), a computational model of the cotton drying process 
has been developed (Fig. 1), which characterizes the dependence of changing parameters. 
Simulation experiments were conducted to study the properties of these dependencies.The
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calculations were performed in the MATLAB system. The transition process graphs are 
shown in Fig. 2.

Fig.1: Modelling scheme of static mode of raw cotton drying process (with distributed 
parameters).

Fig. 2: Graphs of the transition process.

To calculate the processes in the computational model, the following are entered:

87565

431211

,,,

,,,,

kkkkkk

kkkkxLk

Comparing the results, we conclude that the seeds at the exit of the drum have a humidity 
of 17,5%,  and fiber – 12%. The moisture content of the seed is 2.5%, and that of the fibre 
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is 8%, which means that to intensify the drying of raw cotton seeds, it is necessary to 
improve the access of heated air to their surface.

It follows that in order to obtain high-quality fibre and seeds, it is proposed to maintain the 
seed temperature at the exit of the drum at about 50% of the input temperature.

4. CONCLUSION
A dynamic mathematical model of the drying process is constructed, which determines 

the regularities of changes in the moisture content of fibre and seeds, which depend not only 
on the humidity of the original cotton, but also on the consumption of the supplied heat 
agent. Verification of the adequacy of the developed model is carried out by comparing real 
data with the result of simulation modelling.

Thus, a mathematical model of the raw cotton drying process is obtained, which allows 
us to determine the dynamic properties of the control system and choose rational modes of 
operation of aggregates with optimal control of the entire process and increase production 
productivity without compromising the natural properties of cotton fibres and seeds.
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