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ABSTRACT 

In the article a one-boundary parabolic problem on determining moisture of raw cotton in a drum 
dryer is solved. Numerical results of the considered problem are taken on the method of Bubnov-
Galerkin, they are compared with the experimental data. It is shown that the suggested 
mathematical model and its numerical algorithm adequately describe the process of drying of raw 
cotton. The stability of the approximate solution is set. 
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INTRODUCTION

The product quality largely depends on 

preparing cotton for processing at cotton 

factories, and primarily, on the process of 

drying the raw cotton. The main task in drying 

cotton is to bring its humidity to the 

standardized. However, this task is not always 

solved successfully with modern technology 

of raw cotton processing. To intensify the 

drying process heat transfer fluids are used, 

which lead to worsening of the qualitative 

indices of the raw material. 

The main disadvantage of the existing drying 

technology of which lead to the quality 
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impairment of fiber in the pre-processing is 

uneven drying, overheating, overdrying of the 

fiber. The fiber becomes brittle and crisp, its 

structural and mechanical properties 

deteriorate. Therefore, theoretical studies of 

thermal and humidity state of the raw cotton 

during its drying in drum dryers play a crucial 

role in the investigation. [1-5] 

This paper discusses the mathematical model 

for determining the temperature and humidity 

of fields of components of raw cotton in the 

drying process. 

PROBLEM STATEMENT AND METHOD OF 

SOLUTION 

 

 Let us consider the problem of drying raw 

cotton in a direct-flow drum dryer. Suppose 

that convective heat transfer occurs according 

to Newton’s law between raw cotton and air. 

Then, for determining the temperature and 

humidity of the raw cotton in drying we can 

compose an initial-boundary value problem in 

the parabolic type in the form [6-9]: 
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T(x,0)=T0(х),   U(x,0)=U0(х)(2) 

and boundary conditions 

)(,0

0,0

1

0

0

c

lxx

lxx

TT
x

T

x

T

x

U

x

U




























        (3) 

where       ,,,, 21
1211

c

r

cc
a

c
a

m

m
m


















 
Т, ТB,, Тс are respectively the temperature of the raw cotton dried by an agent (air) and external 

environment; U is the moisture content of raw cotton and air; ,,, с v  are respectively heat 

capacity, heat conductivity, density and speed of the motion of the raw cotton;  , 1 are volumetric 

superficial coefficient of heat transfer between the raw cotton and air;  is the coefficient of phase 

transition, r21 is heat of vaporization,  is the time of drying,   is the length of the drum. 

Note that initial and boundary conditions with variable coefficients are considered.  
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To solve this problem, we use the Galerkin method. Let’s introduce two sets of basis functions and 

denote them by {i}, {i}. We require elements of basis functions to possess the second derivative on 

spatial variables.  

 

We will search for approximate solutions of the system in the form of [10] 
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where coefficients of  сk(), dk() are  determined from the system 

 



















































l

i

l

im

l

im

l

i

l

i

l

iB

l

i

l

i

l

i

dxx
x

U

dxx
x

T
axdx

x

U
adxx

U

dxx
U

dxxTT

dxx
x

T
xdx

x

T
adxx

T

0

0

2

2

0

2

2

0

00

1211

00

2

2

0

)(

)()()(

)()()(

)()()(














   (6) 

Using the formula of integration by parts and taking into account boundary conditions, we obtain 

the following system of ordinary differential equations: 
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with initial conditions  
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where    dxxx kik 


0

i  ,    dxxx kik 


0

i )(   

We write the systems (8) and (9) in a vector form:                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                   
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are square matrices sized 

(NxN); Cn()=(c1(),c2(),...,cn())T , Dn()=(d1(), d2() ,...,dn())T are required vectors; 

F1n()=(f11(),f12(),...,f1n())T,   F2n()=(f21(),f22(),...,f2n())T are given vectors; the elements of the 
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are determined by the 

right part of the system (8). 

 

As is known, among theories of ordinary differential equations, in non-degeneracy and positive 

certanty of the matrix, composed from coefficients of the system, the system (9) has a unique 

solution.  

 

Let’s explore the question of the stability of the problem (9). Suppose that coordinate systems {i 

(х)},{i} are strongly minimal in the space L2() i.e. there exists such a constant independent from n, 
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n
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Let’s say instead of the Galerkin system (9), we are solving  a “disturbed” problem: 
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Where 
 nC %

,
 nD

~
is the solution of the disturbed problem. 
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The Galerkin process for this problem is called stable, if there exist an independent from the n 

positive constant рi, that for sufficiently few norms of matrices 
nnn ГГГ ,,0 and norms of 

vectors n ,0  inequality is exercised 
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Let’s integrate last inequations over . Taking into account the inequation 
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where 2 is a right part of the inequation (14). From the last relators we derive the stability of the 

algorithm constructing an approximate solution and numerical stability of the approximate solution 

in ).(2 L  
 

For the numerical solution of problem (9),  we use the method of differences of schemes with 

respect to temporal variables. Trying basis functions in this way and building implicit difference 

schemes on the interval [0;l] we obtain a system of algebraic equations. 
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The system of algebraic equations (13) is solved by the Gauss method. The found values Cn
l(),Dn

l() 

inserting in (5) we find the temperature and moisture content of the raw cotton in the process of 

drying (Pic.1,2). 

 

PILOT STUDIES AND SNALYSIS OF THE RESULTS 

 

Analysis of the solution of the suggested method for determining the temperature and humidity of 

the raw cotton were carried out at the following parameter values:  

=0,09 W/m∙K; c=1700 J/(kg∙
0
С );=40 kg/m

3
; Wн=14,3%,21%,; 

Тн=10
0
;   Тв=100

0
,140

0
;200

0
;   =0,8;r21=2082000 J/kg; v =1,5m/с 

=124 J /(с m
 3 0

С) ,2,5 J/(с m
 2 0

С ) 

 

To compare the calculated and experimental data,  we will use the results of the pilot research, 

which was conducted in the drum dryers of the 2SB-10 type. When tested, machine harvest of grade 

2, 3 and 4 raw cotton with the 14,3%; 21% reference humidity served as a processing object.  

 

Length 

of drum 

dryer 

Humidity of raw 

cotton in W=14,3%, 

Т=200 

Humidity of raw 

cotton in W=14,3%, Т=100 

Humidity of raw 

cotton in    W=21%, Т=140 

2 13.97 14.21 20.41 

4 12.65 13.95 19.66 

6 11.88 13.68 18.83 

8 11.35 13.31 18.12 

10 10.94 (11.35 ex) 13.02 (13.6) 17.32 (17.67) 

Table 1. Changes in the humidity of raw cotton on the length of a drum dryer 

 

Length of 

drum dryer 

Temperature of raw 

cotton in W=14,3%, 

Т=200 

Temperature of raw 

cotton in W=14,3%, Т=100 

Temperature of raw 

cotton in    W=21%, Т=140 

0 10 10 10 

2 29,4 17,8 15,8 

4 36,7 23,7 21,7 

6 47,1 26,9 29,9 

8 51,01 31,1 35,1 

10 57,4 (56 ex) 38,5 (37 ex) 40,3 (39 ex) 

Table 2. Changes in the temperature of raw cotton on the length of a drum dryer 
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CONCLUSION 

 

The comparison of the experimental data on 

changes in the humidity and temperature of  

 

 

 

raw cotton in the drum dryer 2SB-10 and 

analysis on the approximate solution show 

that the relative error constitutes no more 

than 5% (Tables 1,2). This allows to use the 

given algorithm to calculate the temperature 

and moisture content of raw cotton during 

the drying process. 
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