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Abstract: The article presents the results of the research on the work of drum dryer for
drying raw cotton. A mathematical model of moisture extraction is obtained depending on
the productivity of the dryer, the initial moisture of the raw cotton, the temperature and
the air flow, the optimization of which is a regime map for drying raw cotton in a drum
dryer.
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Introduction: Analysis of drying
of raw cotton at cotton ginning
plants shows that a drum dryer (in
Uzbekistan, Kyrgyzstan,
Kazakhstan, Tajikistan) and a tower
drier with a different number of
shelves (Continental Moss-Vordin,
USA) are currently used for drying
wet cotton.

An analysis of their work showed
that in a tower dryer, due to the
short drying time (4-6 seconds), the
moisture pick-up from raw cotton

is 1-2%, at a capacity of up to 10 t/
h, and the drum dryer at such a
productivity makes up to 3-7%,
depending on the initial moisture
content of the raw cotton.

It is known that due to the
climatic conditions of harvested raw
cotton has a moisture content of 6%
to 22% and more percent. Therefore,
the dryer for raw cotton should have
a maximum moisture pick-up with
its possible flexible control.

As a result of the research carried
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out [1, 2, 3, 4] on improving the
drum dryer, their main parameters,
in particular its diameter, length
and internal devices, operating
mode, are determined.

It is known that for high-quality
processing of raw cotton in the
technological process, it should have
a moisture content of no more than
8-9%.

The regime of drying raw cotton
in a drum dryer, depending on the
initial moisture content of the raw
cotton, is changed to obtain the
necessary moisture removal. The
required moisture extraction in the
drum dryer is  for I
and II qualities of raw cotton,

 for III-V qualities,
and depends on the drum capacity
for raw cot ton - Pr, hot air
consumption -  Q and its
temperature - t.

The analysis of scientific
publications [4,5,6,7] on this issue
showed the inadequacy of the

information set for the operation of
drum dryers with an effective mode
of operation.

In this regard, in order to
determine the rational drying
regimes and reserves for increasing
the efficiency of the process in the
drum dryer, we have presented
experimental studies.

Methods of research and their
analysis: Experiments were carried
out in production conditions on a
2SB-10 dryer using mathematical
experiment planning.

The criterion of optimization was
taken by the moisture removal of
dryers , and as factors:

- Initial moisture content of raw
cotton (Wn), % - õ1;

- the productivity of the dryer
(Pr), tn / h - x2;

" temperature of the coolant (t),
0Ñ - õ3;

- Coolant flow rate (Q), m3/h -
x4.

Table 1 shows the levels of
variation of factors.

Table 1
Factors and their levels of variation

Factors 

№ Levels of 
factors 

Initial 
moisture 

content of 
raw 

cotton,% 
x1 

Drying capacity, 
t/h x2 

Temperature 
of coolant, 

0С x3 

Coolant 
flow rate, 

m3/h 
x4 

1 Upper level 24,4 10 250 25000 
2 Lower level 14,4 4 120 15000 
3 Zero level 19,4 7 185 20000 

4 Interval of 
variation 5 3 65 5000 
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For each experiment was taken
3 tons of cotton. Samples for analysis
for moisture were taken after 10
minutes after starting the supply of
raw cotton, and then every 2
minutes.

The plan for carrying out the
experiments and the size of the
moisture extraction - y are given in
Table. 2.

Table 2
Matrix of planning experiment

Factors Criteria optimization № of 
experience х1 х2 х3 х4 experimental y calculated yp 

1 + + + + 8,94 8,61 
2 - + + + 4,16 4,33 
3 + - + + 10,42 10,20 
4 - - + + 6,34 6,11 
5 + + - + 4,21 4,42 
6 - + - + 1,85 1,91 
7 + - - + 6,07 6,01 
8 - - + - 3,37 3,49 
9 + + + - 6,2 6,39 

10 - + + - 4,65 4,44 
11 + - + - 7,62 7,98 
12 - - + - 5,69 5,82 
13 + + - - 2,06 2,20 
14 - + - - 2,08 1,80 
15 + - - - 4,09 3,79 
16 - - - - 3,15 3,39 

 
The processing of the results and

determination of the value of the
coefficients of the equation was
carried out according to [8].

 To determine the significance of
the regression coefficients, the
calculated values of the Student's test
(tð), were compared with the
tabulated (tò). If tp> tT, then the
hypothesis with the significance of
regression coefficients is not rejected.

Thus, after determining the
significance of the coefficients, a
mathematical model was obtained
for the process of drying raw cotton
in a drum dryer, in the following
form:

y=5,03+1,168x1-0,795x2+1,645x
3+0,581x4+0,441x1x3+0,526x1x4 (1)

The hypothesis on the adequacy
of the presented equation was tested
according to the Fisher criterion.

The calculated values of the
Fisher test Fð were compared with
the tabulated Fò. They are equal to
Fð=1, 63, Fò=2, 79. Thus, Fð<Fò
the equation obtained is an adequate
model for the drying process of raw
cotton in a 2SB-10 dryer.

In table 2 shows the calculated
values of moisture extraction, it
shows that the difference between
the actual and calculated values is
negligible, which confirms the
correctness of the model obtained.

The values of the coefficients
entering into equation (1) allow one
to judge the effectiveness of the
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influence of an individual factor or
the interaction of factors on the
optimization parameter y.

The nature of the influence of
factors and their interaction is
determined by the sign of the
coefficient of regression and the
direction of the change in the values
of the optimization parameter when
the process under study is favorable.

It follows from equation (1) that
the temperature of the coolant x3
exerts the greatest influence of
factors on moisture sampling, with
a change in x3 from -1 to +1 in
criterion y varies from 3.8% to
8.94%, i.e. by 2.4 times. The next
factor affecting the optimization
criterion, the initial moisture
content of raw cotton, with an
increase in its value from 14.45% to
24.36%, criterion y varies from 4.16
to 8.94, i.e. 2.15 times. When the
value of the factor x2 varies from 4
t / h to 10  t/h, it varies from 8.94%
to 6.07%, i.e. to increase the value
of y, it is necessary to reduce the
productivity of the dryer.

Analysis of equations (1) shows
that all the factors investigated,
independently or in interaction with
others, influence the optimization
parameter. To operate the dryer in a
rational drying mode, it is necessary
to search for the optimum value of
the factors, which ensures maximum
moisture sampling and preservation
of fiber quality.

The initial moisture content of
raw cotton in production (factor
x1) is given. The choice of the drying
temperature is related to the quality
of the dried raw cotton and is given

in the regulated technological
process (PDI 70-2017), depending
on the initial moisture content of
the raw cotton [9].

In Fig. 1 shows the temperature
dependence of the coolant on the
initial moisture content of raw
cotton, which ensures the
preservation of quality parameters of
fiber and seeds. They can be used to
select the coolant temperature for
drying raw cotton with given initial
moisture content.

Fig. 1 Temperature dependence
of the coolant on the initial

moisture content of raw cotton
The dependence of the coolant

temperature on the initial moisture
content of raw cotton is approximated
by the regression equation

t = -0,278 +26,39Wн-135 

The optimization of the drying
process in the drum dryer consisted
in finding the optimum value of the
factors - the productivity of the dryer
(x2) and the coolant flow rate (x3)
for the given raw cotton raw
moisture. The search for optimal
values of them was carried out by
the method of steep ascent. The
value of the coolant temperature is
calculated from equation (1) for
each value of the initial moisture
content of the raw cotton.
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It should also be noted that at
present two dry drums of the type
2SB-10 are installed in the
technological process of processing
raw cotton, which can work in 3
ways: one dryer with a large capacity;
two dryers in parallel or in series.

The main flow of the cotton
processing plant equipment according
to the technological regulations for
the processing of I-II sorts of raw
cotton works at a capacity of 9 t / h,
with III-V varieties of 7 t / h.

Proceeding from this, the
conjugation on the productivity of the
drying drum and the rest of the process
equipment must be ensured,  which
must be taken into account when

choosing the drying regime in the drum.
The long-term experience of the

cotton factories and the procurement
of cotton raw showed that the
moisture content of raw cotton varies
within the following limits: first grade
from 7 to 10%; the second - from
10 to 12%; third - from 13 to 15%;
the fourth - from 13 to 18%; the
fifth - from 18 to 25% or more.

On this basis, the optimum operating
mode of the drum dryer is designed
for a capacity of 7 t / h (for I-II
qualities) and 9 t / h (III-V qualities).

Table 3 shows the optimum drying
conditions in the drum dryer,
depending on the initial moisture
content of the raw cotton.

Initial 
humidity of 

raw 
cotton,% 

Dryer capacity, t 
/h 

Temperature 
of hot air, 0С 

Air consumption 
thou. m3 / h 

Moisture 
selection % 

Moisture 
of raw 
cotton 
after 

drying,% 
 

№ 

Х1 Wн  Х2 Пр Х3 t Х4 Q  
1 -1,94 10 -0,83 4,5 -1,31 100 -0,6 17 2,6 7,4 
2 -1,94 10 0,67 9 -1,31 100 0,8 24 0,83 9,17 
3 -0,69 12 -0,83 4,5 -0,69 140 -0,2 19 3,5 8,5 
4 -0,69 12 0,67 9 -0,69 140 0,4 22 2,90 9,1 
5 -1,12 14 -0,83 4,5 -0,08 180 -0,6 17 4,3 9,7 
6 -1,12 14 -0,83 4,5 -0,08 180 -0,2 19 4,3 9,7 
7 -1,12 14 0,67 9 -0,08 180 -0,6 17 3,2 10,8 
8 -1,12 14 -1,67 3,5 -0,08 180 -0,6 17 5 9,0 
9 -0,71 16 -1,67 3,5 0,48 216 -0,6 17 6,2 9,8 
1
0 

-0,72 16 0 7 0,48 216 -0,6 17 4,9 11,1 

1
1 

-0,31 18 -1,67 3,5 1 250 -1 15 7,1 10,9 

1
2 

-0,31 18 0 7 1 250 0,4 22 6,3 11,7 

1
3 

0,12 20 -1,67 3,5 1 250 -0,2 19 8,0 12,0 

1
4 

0,12 20 0 7 1 250 0,4 22 7,3 12,7 

1
5 

0,51 22 -1,67 3,5 1 250 -0,2 19 8,7 13,3 

1
6 

0,51 22 0 7 1 250 0,4 22 7,9 14,1 

1
7 

0,92 24 -1,67 3,5 1 250 0,8 24 10,4 13,6 

1
8 

0,92 24 0 7 1 250 0,8 24 9,0 15,0 

 

Table - 3
The regime map of the drum dryer operation, depending on the initial

moisture content of the raw cotton
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From table 3 it follows that
when drying raw cotton I-II
qualities having a moisture content
of up to 12%, one dryer with a
capacity of 9 t / h or two with a
capacity of 4.5 t / h can be used.
In both cases,  the moisture
content is reduced to 8-9%. When
drying raw cotton with a moisture
content of 14% (quality III), it is
also possible to reduce their
humidity to the technological norm
by a single drying with a dryer
capacity of 3.5 t / h. In this case,
the two dryers must work in parallel
to provide a capacity of 7 t / h.

The analysis shows that when
drying raw cotton with an initial
moisture content of 16% or more,
it is necessary to dry twice with a
drying capacity of 7 t / h. Coded
values of factors are converted into
quantitative factors according to the
following formula:

 ,   ,

,  

Inserting the natural value of the
factors in equation (1), we obtain
the following dependences of
moisture extraction of the dryer in
its natural form

(3)

or by assuming that     (where,   - is the moisture
content of the raw cotton after drying), we obtain

(4)

If the ginning plant works with a
different capacity, then by the
equations (2) and (4) it is possible
to determine the corresponding
drying regime in the drum dryer.

Conclusion: On the basis of
studying the drying of raw cotton in
a drum dryer, a regression equation
is obtained that characterizes the
dependence of moisture extraction
on the regime parameters of the
dryer and the initial moisture
content of raw cotton.

A regime map for drying of raw
cotton qualities is obtained, which
ensures a reduction in the moisture
content of raw cotton to the required
technological norm.

It is recommended to dry the raw
cotton once, having a moisture
content of up to 14% and drying
twice with a moisture content of
more than 14%.
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