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Abstract. The laws of distribution of hydrodynamic pressure and changes in extracted fluid in the pressing
area are developed; they take into account the phenomena of contact interaction in the roll pair of the pressing
machine. Hydraulic pressure in the compression zone increases from zero at the initial point of contact to a
maximum value at a point lying on the line of centers. The distribution of hydraulic pressure in the recovery
zone depends on the position of the water division point. It was revealed that the pattern of change of the
removed fluid in the recovery zone depends on the position of the water division point. At the beginning of
the recovery zone and up to the point of water division, the fluid flows from the coating into the material, and
beyond this point, fluid is reabsorbed from the roll coating, and the amount of fluid removed from the material
in the recovery zone is greater than the amount of absorbed fluid.

1. Introduction

For many industries, the task of increasing the efficiency of wet materials roll pressing is of great practical
importance. For example, in the leather industry, the cost and quality of the output of finished products are related to
the efficiency of squeezing the skin. Such solutions are impossible without considering the issues of hydrodynamics
of the roll pressing processes, and the modeling of the laws of distribution of hydrodynamic pressure and changes in
the removed fluid in the pressing area is of great importance.

Modeling the laws of distribution of hydrodynamic pressure and changes in the removed fluid in the squeezing area
was studied in relation to the problems in various industries. In the pulp and paper industry, such studies are aimed at
studying the dewatering of paper pulp, in the textile industry - at removing water from various fabrics, in the leather
industry - at pressing the semi-finished leather product after tanning or dyeing, in construction - at molding various
materials, etc.

An analysis of previous studies [1-30] showed that the mathematical models obtained for the laws of distribution of
hydrodynamic pressure and changes in the removed fluid in the squeezing area do not correspond to real diagrams of
the distribution of hydrodynamic forces and changes in the removed fluid, and they do not take into account the
phenomena of contact interaction in roll pairs. Consequently, they do not allow revealing the physical phenomena of
the roll pressing process.

The purpose of this study is to build mathematical models of the laws of distribution of hydrodynamic pressure and
changes in the removed fluid in the pressing area, taking into account the phenomena of contact interaction in the roll
pair of the squeezing machine.

2. Resultative Methods

Consider the generalized scheme of the squeezing machine [12], shown in Fig.1.

In the squeezing machine under consideration, the lower roll is taken as the first roll, and the upper one is the second
roll. We consider that in each roll the contact curve consists of two zones separated by a centerline of rolls: the first
is the compression zone, and the second is the recovery zone.

The pressed material, fed into the space between the rolls, is deformed under the action of an external load; a
hydrodynamic pressure formed in its pores is called hydraulic pressure. It determines the flow of the filtered fluid in
the direction opposite to the movement of the material.

*Corresponding author: ladykurbanova@mail.ru

© The Authors, published by EDP Sciences. This is an open access article distributed under the terms of the Creative Commons Attribution
License 4.0 (https://creativecommons.org/licenses/by/4.0/).



E3S Web of Conferences 434, 02016 (2023) https://doi.org/10.1051/e3sconf/202343402016
ICECAE 2023

Fig. 1. Scheme of squeezing machine

There are various approaches to solving the problem of establishing the value of hydraulic pressure. So, in [5, 6], the
law of distribution of hydraulic pressure is considered similar to the law of distribution of total pressure:
p = ap g° (1)

where « — is a coefficient that determines the ratio of hydraulic pressure to total pressure.
In turn, it is believed [5, 6] that at each point of the roll contact curve, the total pressure is balanced by the
compressive and hydraulic pressures:

p g = p c + p h - (2)
From equalities (1) and (2), it follows that

a
Pr=7"P;
l-a . (3)
Due to the small size of the deformation zone, it can be assumed that the compressive load
is distributed according to the law of normal stresses n(€) [5].
Then we have

(2

= n

l-a 4)
Given that the squeezing machine under consideration has two rolls and each roll has two zones, for the compression
zone of the lower roll we have

P

i
Pup =7y
It was determined in [26] that the normal stress along the roll contact curve is distributed according to the following
law:
n o, +
”nzﬂ(l"‘cosn—}/ﬂ'} —(p +7)<6,+y<0, (6)
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*
Mi1>M = are the coefficients of hardening of the points of elastic coating of the roll and the processed material; Ay

- is the indicator that determines the ratio of the strain rate of the roll coating to the strain rate of the material being

processed, 4 - is the strain coefficient of the material being processed.
From equality (5), considering equality (6), we find

2m = i [lJrcos—H11 7 71') (7)
2(1-ay) P tn

Itis obvious that 8, + 7 =0, P11y = Prvaxn> Pi1o = M -

Considering this condition, from equality (6) we obtain

a, = Phriex i )
Pimex i + 1)
Substituting «,, into equality (7), we obtain
0, +
pllth“m"h [1+cos“—77r} ®)
2 PN

To determine p, .. , » we use the results given in [23]. There, models of the distribution of hydraulic pressure in the

process of roller pressing were obtained.
According to [26], we have:

Pnh=C11(((011+7’1)2_(‘911+7)2), )
here e = vy, R cos(@y + 7))@y +71)°
1n= )
12K11minh101(1+k11/111)(1+k11/111 cos(@y; +71))

here v, — is the feed rate of the material, K — is the minimum coefficient of filtration in the direction along

11min
the warp threads of the material, v — is the viscosity coefficient of the squeezed water.

From formula (9), considering condition (7), we obtain:

Prmax . =2¢11(1 +71)2- (10)
Then from equality (9), we have
O0,+y
pllh:bn(l"‘cosn—”js —(p +71)<6,, +y <0, (11)
g

w,, RY cos(@y, + 7))@ +71)’
12K, Py (L4 Ky Ay )+ Ky Ay cos(y + 7))
According to studies in [12], in the area of recovery of the contact curve of the lower roll, there is a water division
point determined by the angle ¢, + 7, =¢, (@, +7,), 0<g, <1; to the left of the water division point the fluid

where b, =

flows from the material to the roll coating, and to the right of it, on the contrary, from the coating to the material.
In view of the foregoing, by analogy with formula (11), we have
6, +
Py = blz[l +eos—277
Prat7s

v, RY cos(@y, +7:)( @, +75)’°
12K,5 i hloz (L4 kA YA+ Ky Ay cos(@y, +7,))

Similar to formula (12), we obtain

nj 0<O0,+7<@i+7 Qu+7s=61(01, +75), (12)

where by, =
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where b, =

12K

21min



E3S Web of Conferences 434, 02016 (2023) https://doi.org/10.1051/e3sconf/202343402016
ICECAE 2023
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An analysis of the calculated data and curves of hydraulic pressure distribution described by models (11) and (12)
showed that they fully correspond to the theoretical conclusions and experimental diagrams of hydraulic pressure
given in [5, 13, 23].
As is known [4, 5], the amount of removed fluid flowing along the roll contact curve can be determined by the
following expression:

71'], 0<60), =7 <Pr =725 Poa =74 =62(P = 72), (14)

where b,, =

BpK, ¢
P, 0Py do ,
v 00
where B — is the width of the material, p — is the fluid density, K, — is the filtration coefficient.

dF =— (15)

Then for the compression zone of the lower roll, we obtain:
dF,, _Bp. K 1in P
v K = Kiiin g2 96+ 7))
1 % 9

d6, +7)

1 1max
or with expression (13)
Bpr’K, by, 6,+y

11min
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After integration, we obtain:

BP7* K K 1in P11 In 1_K11rmx
)
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Expanding the logarithmic function into a series, restricting with terms of second degree

— K,
= (@n +7)2J+C11-

1 1max

with respect to (6,; + ) and considering condition F},(—(6,, + 7)) =0, we obtain:
2
F, = Bpr* K in b1 1_[ O, +7r J .
v Pt

By analogy with expression (17), we determine the patterns of change in the removed fluid that has flowed through
the recovery zones of the lower roll and through the surfaces of the upper roll.
They have the following form:

a7

2
F. - BpﬂzKlzminblz 1_( O, +y ] . (18)
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v P4t
) 2
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3. Conclusions

Mathematical models were developed for the laws of distribution of hydrodynamic pressure and changes in the
removed fluid in the squeezing area; these models take into account the phenomena of contact interaction in the roll
pairs of squeezing machines.
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1. The analysis of the graphs showed that the distribution curves of hydraulic pressure in the squeezing area,
described by the developed mathematical models, fully correspond to the theoretical conclusions and experimental
diagrams of hydraulic pressure given in the studies of other researchers.

2. Hydraulic pressure in the compression zone increases from zero at the initial point of contact to a maximum value
at a point lying on the line of centers. The distribution of hydraulic pressure in the recovery zone depends on the
position of the water division point.

3. The pattern of change in the removed water in the squeezing area depends on the position of the water division
point. At the beginning of the recovery zone and up to the water division point, the fluid moves from the coating into
the material, and beyond this point, water is reabsorbed from the roll coating, and the amount of fluid removed from
the material in the recovery zone is greater than the amount of absorbed fluid.
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