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Abstract

In this article, a new aerodynamic cleaning device is adapted to the air
pipeline of the pneumatic transport system, to the inlet of the separator device, i.e.
instead of the diffuser. The guide is installed on the upper part of the working
chamber of the new cleaning device, i.e. the optimal geometric values of the
deviation angle of the columnar grid, the distance between the piles of the
columnar grid and the distance from the installed The place of the columnar grid to
the beginning of the inlet to the working chamber is established on the basis of
experiments. The results obtained are used for implementation in production.
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1. INTRODUCTION

Received cotton raw material is heavy and stiff in composition. The presence
of foreign bodies can cause breakage of the working parts of the enterprise's
technological equipment, especially the teeth of the chainsaw, shorten its service
life, and even cause fires. Heavy impurities also cause serious damage to the
quality of fiber and secondary products. In order to reduce the negative effects on
the upper part, devices are used in the pneumatic transport system to clean the
cotton from heavy and solid foreign bodies.

The new aerodynamic cleaning device is installed in the air duct of the
pneumatic transport system, at the inlet of the separator device, i.e., in place of the
diffuser (Fig. 1). In order to increase the degree of vibration of the collected cotton
balls, the aerodynamic cleaning device is installed on a grate with a variable angle
of inclination in the upper part of the working chamber of the device. It differs from
other types of cleaning structures in that it is possible to separate heavy and solid
objects and other types of impurities from cotton raw materials using a guide
without damaging the cotton raw materials.
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Figure 1. New aerodynamic cleaning device

1 - inlet pipe, 2 - working chamber of the device, 3 - 4 - directional valves with
a grid, 5 - collector for separated foreign bodies, 6 - drum-shaped valve, 7 - outlet, 8
- plastic mirror

In order to increase the efficiency of the new aerodynamic cleaning device, it is
necessary to determine the most suitable type of deflector with a comb grille for the
upper part of the working chamber of the device, as well as at what angle of
inclination and at what distance from the entrance to the chamber it should be
installed. The factors listed were recognized as having a significant impact on
efficiency based on practical and theoretical research.

2. Materials and Methods

Achieving high efficiency in the process of aerodynamic cleaning of cotton
raw materials directly depends on the values of the selected input parameters.

The experiments were carried out using multifactorial design, that is, a TOT 2 3
experiment was conducted. Here, the number of 2-levels; the number of 3-factors;
the number of trials 2 3=8 [1] .

Factors and output parameters that influence the implementation of the
optimization process are selected.

The angle of inclination of the deflector, i.e. the grate with a grate, installed in
the upper part of the cleaner working chamber a® (degrees) (X; ), b - distance
between the piles of the grate in mm (X, ) and a - distance from the installation site
of the grate to the beginning of the entrance to the working chamber in mm (X3)
Rational values were chosen based on [1].

(-1) and upper (+1) values of the input parameters .

The output parameter Y;is the cleaning efficiency of the device, %.
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Here, Y; is the efficiency of the cleaning device in separating heavy impurities
and other impurities from cotton, in percent. To ensure the required accuracy, the
experiments were carried out three times, and their average values are given in the

table [2] (Table 2).
Table 1
Input factor values
. . Natural
Names and wunits of Determin
. values of factors
measurement of factors ation
-1 +1
le of inclinati f th
angeo inclination of the X 30 70
grate with bars; a® (degrees)
dist bet iles;
istance between piles X, 0 30
mm
The distance of the grate
with bars from the entrance to X3 100 140
the working chamber; mm

b)

— —

\N @

Figure 2. Input factors of the new aerodynamic cleaning device
Table 2
Table summarizing the results of experiments
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Th Serial
No. Factors Interrelated factors alue ce
Xo [ X1 |X2 [ X |XaXo [ XiXs |X0X3 [XiXoXs |Y |S2(Y)
1 T M e + + - 93 0.5
7 + |+ |- |- - - + + 98 0.5
3 + |- |+ |- |- + - + 93 |15
4 + |+ |+ |- |+ - - - 9% |1
5 + |- - 1+ |+ - - + 91 105
6 + |+ |- |+ |- + - - 95 105
7 + |- |+ |+ |- - + - 90 105
8 + |+ |+ |+ |+ + + + 93 |1

Based on the experimental results, we determine the arithmetic mean value of
the optimization parameters for each test [1].

— ZIiV=1Yi
y === ()

N v.
v =220 =0 2 2496, Y, = 749;

m
The value of the dispersions was calculated as follows.

2 _ X(vi-vp)?
s2yy = B (o)
here m is the number of repetitions.
(94 —93)% + (93 —93)% + (93 — 93)

SHy} = 31 =0,5
97 — 98)% + (98 — 98)2 + (98 — 98)?
sy = ¢ ) <3_1> ( L
92 —93)% 4+ (92 — 93)2 + (94 — 93)?
s2qy) = ¢ ) (3_1> ( P
(96 —96)% + (97 — 96)% + (95 — 96)*>
Si{Y} = =1
3—-1
91 —91)% 4+ (90 — 91)? + (91 — 91)?
527y = ¢ ) (3_1> ( s
95 —95)? + (94 — 95)2 + (95 — 95)2
52y = ¢ ) (3_1> ( L
90 — 90)% 4+ (91 — 90)2 + (90 — 90)?
sy = ¢ ) (3_1> ( s
(94 — 93)? + (93 — 93)% + (92 — 93)*
20y = =1
g —
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Homogeneity of dispersion was determined using the Cochrane criterion [1,
2]

_ S?{V}max
O =TS (3)

here G,is the calculated value of the Cochrane criterion;
S2{Y},,4x— Maximum variance of the i -th test;
S2{Y}- the sum of all series variances.
_ SVhnar _ 15
*TNsyy 6
To determine the experimental recovery, the calculated value of the Cochrane

= 0,25

criterion was compared with the table.

In our case, for TOT 23and P = 0,95 . 0,95-confidence probability.

Gjqq— Tabulated value of the Cochrane criterion,

Giga = (fiva fz)  P=0,95when,

here(ff=N=8; ,=m—-1=3-1=2)=0,5157

(N- number of degrees of freedom) [1]

If Gy<Gjqq SO, the experiment is repeated and we can proceed to calculate the
regression coefficients.

G, = 0,25;  According to Appendix Gjqq = 0,51571;

Our results Gx<Gjadsatisfy the inequality 0,25 < 0,5157. So, we can proceed to
calculate the regression coefficients [1].

Yp = by + byxq + byx, + baXxz + byyx1 X5 + bi3X1X3 + Dy3Xoxs + Dypzxyx,x3(4)

Let's calculate the coefficients in the equation:
1

bo=;ZY (5)
1 1
bo=§(y+y+y+y+y+y+y+y)=§(93+98+93+96+91+95+90+93)
= 93,625
bi:%ZXiY (6)

1
here i is the test procedure,
j- order of factors

Significance tpof the regression coefficients was determined using the Student

test [2, 3] :
b

)= ®)
shy=22 )

where S%{Y}is the variance of the series. It was determined using the following
formula [1]:

92



U SA @ AMERICAN JOURNAL OF MULTIDISCIPLINARY BULLETIN
ISSN: 2996-511X (online) | ResearchBib (IF) = 9.512 IMPACT FACTOR

[Somane St I Volume-3| Issue-9| 2025 Published: |30-10-2025|

S2r}=—S*{¥}  (10)

here mis the number of repetitions of tests.

S?{Y}- recovery variance. It was determined using the following formula [1,2]:
SE{V}=<s*y} (1)

here Nis the number of tests

S2{Y}- sum of series variances
observed coefficients.

|b;l
trib;} = S{bli}}

The calculated value of the Student criterion was compared with the reported

critical value [1].
f=(m-1)-N=(B3-1)-8=16
m=3,N=28
tigalP = 0.95; f = 16] = 2,12

If there are regression coefficients, tp > tjq4they are significant.

So, in our example, by, by, b,, b3, bi,the coefficients are significant and the
regression equation, after removing the non-significant coefficients, looks like this
[1].

Yr = by + byx1 + byxy + b3xs + biyx1x, (12)

We check the obtained equation for adequacy. The check is carried out using
the Fisher criterion. The calculated value of the Fisher criterion [1]:

240,
Fstzd_{y}’ N—-—M>0 (13)

here:

M-number of significant regression coefficients,
N-test in a general example,

m - number of repeated tests,

SZ4{Y}-adequacy variance.

S2{Y}-series variance.

S#{y} = 0,25;

Sczld{Y} = ﬁZ(YL - YRi)Z (3-23)

S2.{r} ==--037 =037;

N=8, M=35; m =3

3. Results
Based on equation (13), we determine the calculated value of the Fisher

criterion:
Table 3
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Calculation table for checking the model using Fisher's criterion

No. Yi Yri (Y; — Yri) (Y, — Yro)®
1 93 93,375 -0.375 0.14

2 98 97,875 0.125 0.015

3 93 92,875 0.125 0.015

4 |96 95,875 0.125 0.015

5 91 90,625 0.375 0.14

6 |95 95,125 -0.125 0.015

7 |90 90,125 -0.125 0.015

8 |93 93,125 -0.125 0.015

4. Discussion
Therefore, the regression equation derived from the results will be as follows.
Yz = 93,625 — 1,875x; + 0,625x; + 1,375x5 — 0,375x,x,

The regression coefficients in the regression equation are of great importance
in characterizing the output factor.

In our scientific research, when analyzing the equation for the efficiency of
cleaning cotton raw materials, which was chosen as the output parameter, we
construct graphs of the area of change according to the values of the input factors
[1].

The input parameters are the distance a from the inlet of the working chamber
of the device to the inlet of the device, mm (Fig. 2.a); and the distance between the
guide, i.e. the distance between the bars of the grate with bars, is b, The appearance
of our mathematical model in mm (Fig. 2.b) has become more apparent.

X1=0;

L —
20 " Oimml

A= | w—tm e | B9 » —_—1 12 | MM

Figure 3. According to the mathematical model , the cleaning efficiency
when X 1 =0, %

As can be seen from the graph in Figure 3, the incoming X; When
the accepted values of the factors X2 change from the minimum (-1 ) to
the maximum (+1), the cotton cleaning efficiency values also change .
The distance of the ( X3 ) factor guide relative to the inlet of the working
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chamber of the device is a = 100 mm At the minimum value of the factor (X>) ,
i.e. (-1) , the distance between the guide, i.e., the grid piles with the grid is b = 20
mm, ie. (-1) minimum and b = 30 mm, ie. (+1) maximum, the cleaning
efficiency indicators reach correspondingly Yz =95% equal Y; =94%
values [1, 2].

(X3) factor a =140 mm That is, at a maximum value of (+1) and a minimum
value of (-1) of the factor (X,) , the cleaning efficiency indicators of the
device Y, =92% reached equal values in the corresponding
behavior.Y; =91%

As you can see from the graph, the largest value Yiof thisis 95%.

the distance between the guide, i.e. the grid stakes - b mm (Fig. 2.a) and the
distance of the working chamber of the device relative to the inlet - a, mm (Fig. 2.a)
The graphical representation of our mathematical model is as follows [3, 4]:

X,=0;

a -
1oe 10 1% 1% I )
(1= w—0 40— ) e

Figure 4. According to the mathematical model , the cleaning efficiency
when X; =0, %

As can be seen from the graph in Figure 4, the incoming X; and X3
factors change from a minimum (-1) to a maximum (+1), the cotton
cleaning efficiency increases [1, 2]. (X;) The angle of inclination of the guide is
a = 30° i.e. at a minimum value of (-1) , the distance of the (X3) factor of the
guide relative to the inlet of the working chamber of the device is a =100 mm, At
the minimum values of (-1) and the maximum values of a=140 mm or (+1),
the cleaning efficiency indicators Yz =93% reached Y;=97% the
corresponding values [1, 5, 6].

(X1) factor a = 70°, That is, at a maximum value of (+1) and a minimum
value of (-1) of the factor (X3) , the cleaning efficiency indicators of the
device Yz = 90% reach corresponding and equal values.Y; = 94%
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As can be seen from the graph in Figure 4, the largest value Y, of the
bond was 97%.

on the input factors, the distance between the guide, i.e. the grid piles with the
grid - b mm (Figure 2.b) and the angle of inclination of the guide a° (Figure 2.a), is
as follows [1]:

X3=0;

» 0 50 0 n a
o[ w2ts 28 20 —00 275 |MM

Figure 5. According to the mathematical model , the cleaning efficiency
when X3=0, %

As can be seen from the graph in Figure 5, the incoming X, when the
accepted values of the factors X and ;change from the minimum ( -1 )
to the maximum (+1), the cotton cleaning efficiency values decrease.
The ( X ;) factor guide, i.e. the distance between the piles of the grating with a
grid [1, 2] b=20 mm, i.e. (-1) at the minimum value, the (X;) factor guide angle
a=300,1ie.(-1) at the minimum and a=709, i.e. (+1) at the maximum values, the
cleaning efficiency indicators reached the corresponding Y; = 92%and
Yz = 91%equal values [1].

(X, ) factor b = 30 mm, That is, at a maximum value of (+1) and a
minimum value of (-1) of the factor (X;) , the cleaning efficiency indicators
of the device Y; = 96% reached equal values, respectively .Yz = 94%

As can be seen from the graph in Figure 5, the largest value Yof the
bond was 96% [1].

5. Conclusion

Based on scientific research, the following optimal values of the geometric
dimensions of the new cleaning device were determined: the angle of inclination of
the deflector is a = 30° , the distance between the deflector, i.e. the grate with a
grate, is b = 30 mm, and the distance of the deflector from the entrance to the
working chamber of the device is a =140 mm .
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