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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
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Let us consider the problem of drying raw
cotton in a direct-flow drum dryer. Suppose
that convective heat transfer occurs according

during its drying in drum dryers play a crucial to Newton’s law between raw cotton and air.

role in the investigation. [1-5] Then, for determining the temperature and

. . . humidity of the raw cotton in drying we can
This paper discusses the mathematical model

compose an initial-boundary value problem in
for determining the temperature and humidity P y P

the parabolic type in the form [6-9]:
of fields of components of raw cotton in the P ICHYP [6-9]

drying process.

(or _o*T _oT ouU
—=a —V —o (T =Ty)+o, —
Jor  ax? X (M =Tp) e o
oU o°U o°T ouU (1)
—=a,— +a,0—5—V
\ or OX OX OX
with initial
T(x,0)=To(x), U(x,0)=Uo(x)(2)
and boundary conditions
],
OX x=0 , OX x=I
oT oT ©)
—A=— =0, A =a(-T)
X x=0 0 x=l
A Aen a Ely
where aza’ am:Cmp’ allzai alzzT’

T, Tg, Tc 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; C, A, P, V are respectively heat

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

superficial coefficient of heat transfer between the raw cotton and air; & js the coefficient of phase

transition, ' is heat of vaporization, T is the time of drying, M s 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 {¢}, {w}. 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]

T->a@ a0 U=2d@wm® @

ki=1
where coefficients of ¢(7), di(7) are determined from the system

(x)dx - 9j— @, (x)dx —

j Z e (x)dx_a

ouU
- ay, J (T =To) - ¢, ()dx+ e, [ = 9, (x)dX
5 or

0

| | A2 (6)
gz—f-wi(x)dmmj E v (dx+a, 5j (X)X -

—gj— w, (X)dx

Using the formula of integration by parts and taking into account boundary conditions, we obtain
the following system of ordinary differential equations:

( N N N

§ :aikcé + E :Igikck +Z7/ikdk = f
K—1 k=1 k—1

N ND N

_ , _

Zaikdk +Z/8ikck +Z7/ikdk = T,
= K—1 K—1
with initial conditions

iaikck (O) = ITO(X) Dy (X)ZIX

1o P (8)
Zaikdk(o): IUO(X) l//k(x)jx
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where a; = '[(/)i (X)(Pk (X)jxr aic = I‘//i(x) Y (X):IX

We write the systems (8) and (9) in a vector form:

Q, 360 p ¢ (1)46,D, ()= Fu )
T

G-l 5D, ()4 6,6, (¢)= R o) ®
T

QnCn (O) = FlO

6n Dn (O) = FZO

where Qn.=(ai), Pn=(8i), Gn=(), én = (&ik) P = (ﬁik) and G = (}7"() are square matrices sized
(NxN);  Co(D=(ci(D,cx(D),ercn(D)T , Dn(9)=(di(7), dy(7) ,...,dn(7))" are required vectors;
Fin(D=(fu( 2, fi2(Dyeesfin(D)'s  Fan( ©=(f21( D), f22(2),--,fon(7))" are given vectors; the elements of the

vectors F1o(7):(fo1(7)’foz(7);m;fon(T))T " FZO(T) = (ﬁ)l(f), i::)2(7-)’ e fOn(T))T 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 {¢:
(x)},{w} are strongly minimal in the space L,(£2) i.e. there exists such a constant independent from n,

that 0 < <, where ¢ are eigenvalues of the matrix

Q, = {(qok’ ?j )Lz}rk]’ j-1 6n = (&ik)_
Let’s say instead of the Galerkin system (9), we are solving a “disturbed” problem:
@+ (0 1) )+ 6, + 1205, ()= Fy o) 0

@, +F)- <>+<p+r1 )B,()+ G, + TG (¢) = Fon(£)+ 5% (10)

Q.+ I )C ( ):F10+‘910
(Q +F)D () Fao + €2

n
Where ( ) ( )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 p;, that for sufficiently few norms of matrices ||I°]|, ||Fn ||, I'!|and norms of
vectors HeoH, Hgn H inequality is exercised

én(r)_cn(T)HEn < po”‘%”"‘ p1||‘9n||+ P La )|+ p3||Fn||+ Palll (9)

d0(z)—d, ()|, < Bol&+ Beledl+ o[ 78]+ o] P4+ poll

An approximate solution U(r, 7)=(6,, n(r, 7)) is called stable in the space L,(£), if it has a place of

0(r, 2)-U(r, 7)

where U(r, 7)=(0,(r, ). 6(r. o)), Ga(r, )= X & (0) (1)

)

inequality, analogical (9), for a difference

May introduced errors 1", I, r.r+.r:ra, are such

|7 < e, r,

SeZQ;

\rln

<e,q, Hfln

<e,q, HFZn

<eq, Hfzn

< &4
0<e <1 qg>0.(1)
Denote by Z,(z)=G,(7)-G, (7).

From the system equation (10) we subtract the system of equation (9). We multiply the obtained
equation by ﬁﬁ(r) by a scalar, that is

L8 Q1,2 2,) (112 &) ~(e &) (0, &)
T

where ®n (T) = _Fn ’ @(T)— Fr’l Gn (T)
Since the matrix P, has been positive definite, then
(P, + 1)z, %) >o0.

So, estimating members of the right part of the congruence

1 1
(e, &) |< 2 el + 5l

n

1 1
and (@, (7). 2] Sgll@n (o)’ +2alz §

we obtain

1d
(@12, 2 sl veylef +@.@)?)
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Let’s integrate last inequations over t. Taking into account the inequation |Z, Hi < ;U -uU iz
we obtain
Q.+ 20 20 <2650 0e v+l el b+l 1, 2,00.2,0),
0 0
On the other hand,

((Qn +Fn)zn' Zn)En > (ann’ Zn)_elq”Zn”zEn > (1_elx0‘n _Un 17

(@ +1,)2,(0) 2,00)), <(Q,Z,(0). Z,0)), +e.0|Z,[;, <c,(+e)U(r, 0)-U(r, 0

2

L(Q)

Then we obtain a differential inequation for y,(7), that is

dy, (7
ﬁ <M- yn(r)_‘_ Fn(T)
dr
from which, in turn, by the power of the theorem on differential inequations this inequation is
followed:
d
D7) (v) <e® . F(r)
dr

From it

2
+

U, (r, 7)-U,(x T)Hi < ol + prllex]” + P,

Fn

I

2 2
Il +ps + D,

g psufln

2

+p6HF2n ’ +p7H]:2n

where constant p;, (i = 0,_7) does not depend on N. Consequently,

G,(1)-G,(r)} < :pn(r, 2)-U,(r, o) < :w

where ®’ 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 L, (Q).

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;]] we obtain a system of algebraic equations.

(Qn + ATPn) ’ Crll+l + Gn Dr|1+1 = I:lln _QnCrll

G,C" +(Q, +A,)-DI* =F, —-Q D!
QnCr:J =Fy (3)
QD! =F, 1=0123,..M
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The system of algebraic equations (13) is solved by the Gauss method. The found values C,/(2),D,/(7)
inserting in (5) we find the temperature and moisture content of the raw cotton in the process of

drying (Pic.1,2).

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:2

A=0,09 W/mK; c=1700 J/(kg°C); p=40 kg/m®; W,=14,3%,21%,;
7,=10°% T,=100°140°200% €=0,8;r,,=2082000 J/kg;V =1,5m/c
a=124J /(c m®*°C), 0, =2,5 J/(c m?*°C)
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 Humidity of raw . o
. Humidity of raw Humidity of raw
of drum cotton in W=14,3%, . ]
cotton in W=14,3%, T=100 | cottonin W=21%, T=140

dryer T=200

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

Temperature of raw
Length of . Temperature of raw Temperature of raw
cotton in W=14,37%, . .
drum dryer T=200 cotton in W=14,3%, T=100 | cottonin W=21%, T=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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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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