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Abstract. When cotton fibers are cleaned, there is a very high chance that they will come
into contact with one another in a single particle. When it comes to technical activities, a group of
cotton fibers made up of several fibers may interact with a machine's working parts more

frequently than a single cotton filament. It should be noted that the continuous media theory must

be applied in order to describe the movement of cotton fiber during cleaning, pipe movement,
removal from the saw teeth of a spinning gin machine with the aid of an air stream, and removal
from the machine after the air has been removed.

Introduction. Here, the air-fiber mixture creates a single, continuous medium whose motion
is dictated by the law of interaction between the fiber and air particles. Air particles and cotton
fiber, the two constituents of such a medium, have different velocities. Consequently, at every
location in the medium, a force proportional to the difference in the component velocities is
generated. Such settings are typically regarded as multi-velocity (in our example, two-velocity)
environments, and specific theories are adopted to investigate the environment's condition and
motion laws. Such settings are typically regarded as multi-velocity (in our example, two-velocity)
environments, and specific theories are adopted to investigate the environment's condition and
motion laws. One of the most significant theories in the theory of multi-component environments,
which was initially put forth by academician H.A. Rakhmatulin [1], is that the pressure is the same
for every component of the environment. If one of the components of the environment is a moving

elastic medium and the other is a viscous fluid, the pressure of the fluid component is determined,

and Hooke's law is used to determine if the component is a deformable solid. The Bio-Frenkel

model is the name given to this type of two-component ecosystem.
Thus, if the shear deformation in the deformable component is not taken into account, and
the average hydrodynamic pressure in it is taken to be equal to the air pressure, then it is possible
to obtain a two-component medium model proposed by Academician H.A. Rakhmatulin. In the

literature, such media are called heterogeneous mixtures, and their motion is studied on the basis

of the theory of multi-velocity media. For such media, the concept of initial (true) densities is

given. For a mixture of air and cotton fiber, we denote these quantities by p” and p{” . Let us
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assume that the mixture in a container with a volume of V . In it, V, part of the first component

(air) V, is occupied by the second component (cotton fiber pieces), and their densities are p,
and p,, respectively.

Results and Discussions. According to the law of conservation of mass, we can write the

equations
pl(O)Vl =pV, péo)Vz = pém V-V =p,V 1)

This ratio V, /V is usually called the porosity of the medium, we denote this ratio by,

according to formula (2.3)

m:\ﬁz ,1-m=
vV po \Y

Thus, m part of the medium is occupied by air, and 1—m part by cotton particles.

Equations (2.4) can be written as
pr=mp{®, p, =1-m)p{ (3)

From these expressions, the following equality follows:

% P2
+ =1(4)
POV

Thus, it is sufficient to know to determine the components of the medium.

We consider the one-dimensional motion of a two-component medium in a stationary state.
According to the model of K.A. Rakhmatulin, the equations of motion of the flow can be written

as follows [2]:

o _  pop

P — ox = (O) ox + k(u2 Ul) (5)
ou,  py op

Py —= x (0) ox +k(up —uy), (6)

Where Uy (X) and U, (X) are the velocities of the components, P(X) - the pressure that is

the same for both components, k - the coefficient of interaction between air and cotton fiber.

Using equations (3), equations (5) and (6) can be written as follows:
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ou %}
mpl(o)ulaixl = _maiz +k(uz —up) ()

ou O
a—m)pPu, SE=-a- m)&Io k(U —uy): 8)

According to equations (2.8), the density of the components of the medium is expressed by
the porosity of the medium. If each component is considered an ideal incompressible medium,
then, according to the law of conservation of matter, the following equations are valid for each

component:

PUg = Prolig, Poly = PagUyg (9)

or using equation (2.10):

(

mp{uy = mep{Ouyg, (L-m) P, = L my) o7z,

Where , My -is the given porosity at some point of the medium, U;q, Uy is the given
velocities of the components from this point.

Using expressions (3) and (9), we find the relationship between
Uy (X), Uz (X) .

o
0, == (10)

U

Here 0, = U; /gy, 8= (1— Uy /Ug, A = pro/ p{°”

By removing the pressure from equations (6), we find the relationship between the

du, du
derivatives —= , 2.
dx dx

_dor _do —
Uy dxl—7’U2 dx2 =k (U, —0;) (11)

Here, using the relations y = péo) / pl(o) Ck=k/ pl(o)ulo we find the derivative (11)
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The initial conditions necessary to solve equation (12 are usually determined depending on
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the formulation of the problem. Suppose that the medium moves in a pipe with a constant S,

cross-sectional area. Then, for each component (air and cotton fiber), the following amount of

mass flow passes through X = 0 the cross-sectional area in a unit time interval:
Q1 = ProUieSe, Q, = PaeUzS, (12)

Usually Q, and Q, in technology, air and cotton fiber consumptions are called,

respectively. From these equations, we find the velocities U;pg and Uy :

Q,

£20°0

Q
P1050

lu20 —_—

Using the determined velocities, the porosity values in the initial and arbitrary sections are

found using the following formulas:

Mo = pro/ P17 or Mg =1= pag/ p5°

u u
m :—pl(%)lo or m :1——'02(8) 2D
PL Y 2.

To find the pressure in the environment, we take this equation:

du,

dp

Piotho

du,
dx

P20oU20

dx

_dx

Integrating the equation with the initial conditions Uy (0) = Uy, U5(0) = Uy,

P(0) = py we find the dynamic pressure AP = P — Py:

AP = pyoUsg (Uyg — Up) + ol (Ugg — Us)

We consider the following special cases.

1. The velocity of the cotton fiber is zero. The air flow passes through the stationary cotton
mass. In the above formulas, we assume that U, =0 . In this case, the second expression of (10)

is exactly fulfilled. From the first of them, we determine the density of the raw material and the

porosity of the medium from the arbitrary value of the variable air (3):
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(0) 1-

ProYio

Prou
P1oY10 ) (O)Ul

P1L= Prorg Uy, Py = )
Pr U

p

To find the unknown air velocity and pressure in these expressions, we accept in equations

(11) and (12) as Uy, =0, p; = prUyo /Uy :

du, Py Uy dp

Upy——=———-———ku
ProYio dx O U, dx 1
0=—(1- pl(());JlO) dp Tk,
pl u, " dx
From this system, we determine du, and @
dx dx
du, k U, dp du,
dx = o= Pub—
X Pro (U —ayUy,)  dX dx

Integrating these equations u, (0) =

ulO

—u, —auy, In

10

Pro

U KXy

P =Py + Pl (U —

u), a = pyp /p®

Uy, P(0) = p, under the conditions, we find

2. A weight of cotton fiber moves in a shaft with a zero air flow velocity. The flow rate of
the raw material in the initial section x = 0of the shaft is equal to Q,. We find the laws of
distribution of the air, raw material densities and raw material velocities over the height of the

shaft. We denote the cross-sectional area of the shaft by Sy In equations (5) and (6),

we can say

P2z )
(0)
P U

Uy =0, p, = pyly /Uy, Uy =Q, /S50y, Py = prp(L—

2

and take its weight into account. Then equations (5) and (6) take the following form.

P Uy dp

0=—(1- Pl dp

(0)
Py U

duz ku, + 905Uy

+ku, p =
2 Paollzo " PO u, dx u,

dx
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. i .. du
From this system, we determine the derivative d—2 :
X

duz _ k (Uz_azuzo)b_ug
dx Py Uy (U, —ayUy)

(0)

Here a, = p,,/ p;’ , b=gp,, Ik ,isexpressed by this integral:

Uy

J

Uz

u(u —a,u,,)du

kx
= 15
(U_azuzo)b_u2 )

P2

3. The mass of cotton fiber moves under the influence of constant air pressure. In this

case, we obtain the law p = p, + Apx/L of variation of the pressure in a limited interval 0 < x < L
of X, where Ap=p,_—p,, p,and p, X=0 are the pressures at the sections. Substituting p

the expression of into equations (5) and (6) and using equations (7) and (10), we construct a system

for finding u,(x) and u,(X).

du, Piolsy AP
Uy, — =201 28 4 k(u, —u,) (16
ProYio x pOu, L (u; —u,) (16)
du, Py AP
P2l o z_péo)uz T+k(u1 —-u,), (17)

We add these equations one by one, integrate the result, and find the relationship between

u,(x) and u,(x)
ProUso (Uy —Uyy) + oy (Uy —Uyg) =—Ap/L

Expressing u, and u, from this equation throughout

2 2
P1oU1o + AP + PapUy + Pyl

u, =-u
P2z P2l

1

we put it in equation (16).

du,  c,uf +cu, +c¢,
ul

dx
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a,A K AP+ pyUly + pyUs
Here c, :1—va2 =——— 1+ oyl [ pyly), ¢ Pa0"20 T Protho

Pl P1oU1o plOUlO Pl

Integrating the last expression, we get:

2cuq+cq 2¢Uq9t+C1

C u +CcqUq9+C
x = +J4cycy — ¢ In 22222 4 ¢, |arctan =—=—= — arctan ===,  (18)
cauf+eiustco ,4cocz —c? ,4Cocz—cf

This equation expresses the law of displacement of the fiber bundle as it moves along the

pipe until it enters the fiber cleaner.

Conclusions. The distance between the cotton gin machine and the fiber cleaner can be

determined by analyzing the equation closely, and we can see that air parameters, such as density,

pressure, and speed, as well as the density and aerodynamic resistance coefficients of cotton fiber,
as well as the width and height of the conveyor system, all play a role in the distance cotton travels
between the gin machine and fiber cleaner. There are three variables that can be controlled directly:
air pressure, speed, and material transfer—that is, the height of the pipe—and it is only by adjusting
these variables that it is possible to ensure which zone of cotton fiber goes into the fiber cleaner

system.
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