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Abstract. The model of mixtures movement in screw conveyors-mixers with rotating body is
considered in this paper. It is shown that the process of mixing the mixture occurs more intensively in the
mode of operation, in which the load is lifted by rotating casing into the upper part of the conveyor, from
where part of it spirals down, and part of it crumbles. above the shaft and enters another cell formed by
adjacent turns of the screw operating body. At the same time, the mixture is shoveled and distributed along
the length, which ensures high smoothing capacity of the mixer conveyor. To establish the kinematic
parameters of the mixer conveyor in the cylindrical coordinate system, the equilibrium equation of the
separate element of the mixture, which is acted upon by the reaction forces from the rotating body and the
screw operating body, was considered. Ranges of values of the angular velocities of the shroud rotation, at
which the stationary movement of the bulk cargo into the dumping zone occurs, were determined.
Dependencies to determine the kinematic parameters of the mixer, which ensure the operating modes of the
mixer under the condition of the specified quality of mixing were obtained.

Key words: screw-conveyor mixer; direct flow screw mixer; rotary casing; loose mixture; kinematics
of the flow of bulk goods; equations of motion, drag body of bulk material.
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1. INTRODUCTION

High reliability, environmental friendliness, the ability to work in flow production
systems and relatively low cost of direct-flow screw conveyors-mixers are the reason for their
wide use in agricultural production, food, chemical, pharmaceutical and other industries for the
production of mixtures. The advantage of direct-flow mixers of continuous action is that the
process takes place continuously ensuring high productivity of mixing the mixture components
and easy automation. However, the intensity of mixing in such mixers, compared to periodic
ones, is low and high homogeneity of the mixture is achieved by increasing the time when
mixture stays in the operating area, which usually results in the increase in the length of the
mixers, their material and energy consumption. The reduction of these indicators is ensured by
the choice of rational parameters and modes of operation of screw conveyor-mixers, where the
disruption of the screw flow of the mixture is realized and its shoveling is intensified. However,
in order to reduce the length of screw mixers and, consequently, their material and energy
consumption, it is necessary to resolve the contradiction which involves the ensuring of the
proper number of mixing turns at low axial flow rate and, consequently, short length of the
continuous screw conveyor.

The principle of operation of direct-flow screw conveyors-mixers is based on the
peculiarities of transporting bulk cargo by screw conveyors, in which the layers are mixed as
the mixture passes through the working space [1, 2]. It was shown in papers [3, 4] that such
mixing occurs most intensively in screw conveyors under transient conditions, which are
characteristic of the transition from slow to high-speed transport. The kinematics and dynamics
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of screw conveyors are also discussed in detail there. Features of the operation of screw
conveyors-mixers are given in papers [5, 6]. Discrete element method (DEM) was used in paper
[7] to identify the specifics of movement of various components in screw conveyors and analyze
their kinematic and dynamic indicators, as well as productivity. Visualization of the particles
movement in the flow of cargo of conveyors-mixers with their mixing is given in paper [8].
Numerical investigation of particle mixing in the screw mixer by discrete element method is
shown in papers [9, 10]. The synthesis of mixers with screw operating bodies was carried out
in paper [11]. Intensification of mixing processes by performing profiled screws and ensuring
the proper quality of the mixture by changing the working space in telescopic mixers is
considered in [12, 13]. Wide opportunities for intensifying the process of mixing components
are provided by two-shaft screw conveyors, in which the flows from two screw operating bodies
are mixed in the fluid layer [14]. In paper [15], the promising design of the screw conveyor-
mixer with additional blades introduced for better capturing of the mixture in rotational motion
was developed and studied by DEM method. The investigation of five different designs of
special screw conveyors-mixers of different lengths using DEM is presented in papers [16, 17].
The analysis of known research results showed that one of the most promising directions for
improving the quality of mixing, increasing process productivity, reducing the time spent by
components in the working area, and reducing the material capacity of the equipment is the
application of improved screw conveyors-mixers with a rotating casing. The mixture is captured
by the rotating casing of the screw conveyor-mixer in the similar way as in tumbling mills, the
features of which are described in detail in paper [18]. The investigation of new opportunities for
qualitatively improving the operational characteristics of mixers and the quality of mixing
components in the mixture in rotary casing screw conveyors is given in paper [19]. The study
of the kinematics of bulk material in screw conveyor-mixer with rotating casing was
considered in [19, 20]. Paper [22] presents the design of the experimental automated
installation of the screw conveyor with rotating casing in order to specify the parameters of
the mixing transport model. Most of the considered constructions and mixing methods can
ensure high-quality distribution of components by volume, but not all of them provide their
proper smoothing ability, i. e., the stability of the component ratio of over time. The
investigation of the smoothing ability of screw conveyor-mixers with the development of the
flow cell model is given in paper [23].

However, due to the complexity of the process, in particular, the presence of rotational
movements of both the screw spiral and the casing, and different phases of the mixture
movement in the working space, and, accordingly, disruptions of homogeneous flows, the
mixing process in screw conveyor-mixers has not been sufficiently investigated and requires
further study of the kinematics and dynamics of transport and mixing, as well as the selection
of optimal operating modes.

Objective of the paper is to ensure low material and energy consumption of direct-flow
screw conveyors-mixers and high rates of mixture homogeneity and stability of the ratio of
components over time by selecting and justifying their designs and rational operating modes.
The above mentioned effect can be achieved by using direct-flow screw conveyors-mixers
equipped with coaxially placed screw operating body and tubular casing, which rotate in the

same direction, respectively, with angular velocities ®; and ®,, where ®, > ®, .

2. MATERIALS AND METHODS

Let us consider a horizontal straight-through screw conveyor-mixer with tubular
cylindrical chamber with diameter D, and length L, where the mixture is transported

by screw operating body (screw) with D outer diameter and T pitch. Let's choose
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cylindrical coordinate system Op@z, where axis Op is initially directed in the
direction of the earth's gravity (downward), axis Oz is directed along the screw axis,
and the location of arbitrary mixture particle is determined by the radial p, angular ¢ and

axial z parameters.
The equation of helical surface (with left-hand winding) in the polar coordinate system
in the parametric form, according to [1, 3], is as follows

pr=Uy; @ =vy; z, =—Tv, /(2n) = —Cv,. 1)
Similar equation for the cylindrical surface of the casing
P, =Dy /2] @, =v,; 2, =U,. (2)

Here U; and v; are respectively linear and angular independent parameters

of each of the surfaces; ¢=T/(2n) is pitch parameter of the helical surface of the operating

body.
Accordingly, the equations of the rotating helical surface of the conveying screw and
the cylindrical surface of the casing

p, =U;; ¢, =y, +o,t; z, =—Tv, /(21) =—Cv; . (3)
P, =Dy /25 @, =v, +w,t; z,=U,, (4)

where w, and ®, are respectively, the angular speed of the screw operating body (spiral) and
the tubular casing.

In the case of low-speed mixers with fixed casing and low filling factor o, of the
mixer working volume, the main part of the cargo (mixture) with mass m will slide down
the screw under the influence of gravity and will be transported in the low-speed conveyor
mode at Vo = Co, speed. The rotating casing will cause the drawing body to be caught in

rotational motion and thrown over the shaft, which will contribute to mix the mixture and
increase the mixer's smoothing ability, i.e. increase the uniformity of the distribution of
components both in volume and in time. Let's denote the probability of capturing the
arbitrary allocated volume of the mixture by the screw as p . Then, the probability that the

allocated volume will be tipped over the shaft and not move forward is q=1-p. Due to the

overturning of the load part through the shaft, the entire flow will have helical movement
and the mediated angle of elevation of the flow line to the plane of the cross section of the
screw mixer will be B=arctg(p/q).

The cargo consumption in such mixer will be determined similarly to the screw
conveyors [1-3]

Q =0, 257, ycay (D* —d?), (5)
where d is screw shaft diameter; v is coefficient that takes into account the

overflow of the mixture through the screw shaft and in the gaps between the screw
and the casing, y = p.
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When switching to screw transportation, the mixture is drawn into a screw movement. In
this case, each selected i th element (particle of the mixture) with AV, volume will have velocity

o dp,- pdo, _ dz; _
V=V, +V_ +V, =—8€8 +—€ +—§¢,, 6
: dt * dt dt ©)

where ép, €., ta €, are respectively, radial, circular and axial orthoi of the cylindrical coordinate
system Opoz .

Let us assume the hypothesis of layer-by-layer motion of particles (selected volumes AV, ),
in which for arbitrary particle with running angular parameter ¢=6,, the radial parameter
p, = const is constant, whence dp, /dt =0. Let us consider the motion of the particle (of the selected
volume AV,) along fixed cylindrical surface (on casing p, = R) under the action of a screw, which
will impose a constraint on the parameters of the particle z and ¢, given by the dependence
Z. =c-@,. Then the trajectory of the particle can be uniquely described by the running angular

parameter B, =, (t) - the angle of elevation of the trajectory to the cross-sectional plane
tg[B, ()] = dz;/(pdo,) =V, /v, (7)

where v,, and v_, are, respectively, axial and circular components of the particle helical velocity.

Provided that the appropriate viscosity from the screw and casing are imposed on the
selected elementary mixture volume AV, it will have only one degree of freedom. The angular
location 0, of the selected elementary volume 0, =v, +mt , where v, is the angular

parameter of the point of the screw surface that contacts it, is taken as an independent parameter.
Taking into account the superimposed viscosity, the coordinates of the selected volume will

be p, =R, ¢, =0,, z, =7,(8) =c(w,t -6). Under the condition of constant angular velocity of the
screw, the dependence (6) for determining the total velocity of the allocated volume is AV,, will be

V. = Réi -8, +C(m, — éi) -€,, where 9, is the angular velocity of the helical motion of the particle.

The differential equations of particle motion for the screw conveyor are given in papers
[1-3]. Similar equations of motion can be written for the allocated elementary volume AV,
which moves along the surfaces of the casing and the screw under the rotation of the latter. To
ensure the connection of the particle with each surface, we assume that D = D,,.

Using D'Alembert principle, the equation of motion for the selected elementary volume
is as follows

Ny +Eli +N2i +|EZi +2f_)ij +§i —-m,

QD

=0, ®)

where N,,, N,, Ta F,, F,, are, respectively, the vectors of forces of normal reactions of the screw
helix and casing surfaces and friction forces from their action (Fig. 1), F; = ,N;;, F, =p,N,;

m, is particle mass; a is absolute particle acceleration;

G, - vector of the earth's gravity;

P, — the sum of external influences from the solid cargo on the surface of the allocated
volume. Here p, and ., are coefficients of friction of the particle sliding along the surfaces of
the screw and the casing, respectively.
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Vectors N,and N, are directed, respectively, perpendicular to the surfaces of the
screw and the rotating casing, and the vectors F, and F,, are placed, respectively, in the

planes tangent to the surfaces of the spiral and the casing at the point of their contact
with the particle and are directed opposite to the vectors of the relative velocity of the

particle with respect to each of the surfaces, Fig. 1. Vector G of gravity on the system's
orthos Opez for horizontal placement of the conveyor will be decomposed into

components G; =mg(cos 6, -&, —sin 6, -€,).
Vectors of the equivalent normal reactions of each of the surfaces and their components
due to friction in cylindrical coordinates Opgz are R =N, +F = {apiNi;ariNi;aziNi}’ where

a;,o, and o are the corresponding coefficients (sums of the guiding cosines of the vectors

pi
N; and F , to the orthoi of the coordinate system).
0Ly =104} Oty 0t | = 058N @+, COS 0L COS 0L — 1, SN 1, )

o, = {a‘pZ;a’BZ;a’ZZ}: {1;_H2 COSP,,;—H, SiN BiZ}’

©)

where o is the elevation angle of the spiral helical line at p=R; B,, is the inclination angle
of the trajectory of the relative particle motion (relative velocity vector v, ) along the surface
of the rotating casing.

sin 3, :C((Dl_ei)/vp; COSBZi:p(éi_O‘)Z)/Vp;

9B, =0, —0,) (6, —m,)-1]-tga. (10)

Accordingly, the inclination angle of the trajectory B, (Fig. 2) in the absolute coordinate
system Opoz is determined similarly to the screw conveyor with fixed casing [1, 2] by the

known angular velocity of the particle 0.

sinfB, =c(w, —0,)/v;  cosP, =p0,/v,; tgp; =(w, /6, -Dtga. (11)
0.
il
bt
mg
/‘?,) N‘vu,‘jp T
7
/ R, min //‘7
v\, — L
%J ~ () < Ring /‘
ARy
R,
£ /v
V
/
/
g o &V
Figure 1. Scheme for calculating the equation of Figure 2. Calculation scheme for determining the
particle motion in the screw conveyor-mixer with kinematic parameters of the screw conveyor-mixer with
rotating casing rotating casing

134 ... 1SSN 2522-4433. Scientific Journal of the TNTU, No 3 (115), 2024 https://doi.org/10.33108/visnyk_tntu2024.03


https://doi.org/10.33108/visnyk_tntu2024.0

Ivan Gevko, Andrii Diachun, Olena Dmytriv, Sergii Koval, Pavlo Leskiv, Roman Okhnivskyi

The absolute velocity vector of the particle is defined as v =v, +V, where V; is the

transferred velocity corresponding to the casing's circular velocity; V; =V. =Ro, -€_.
For the model of a single material particle for slow-moving conveyors with fixed casing, its
stationary motion is possible with the parameter B, = /2, angular velocity 6 =0, linear velocity

v, =cw, and constant angle 0, , which in the selected coordinate system will be as follows
0, =arctg[p, t9(a +¢,,)], (12)

where ¢, is friction angle of the particle on the spiral surface ¢,; = arctgp, .

The components of the absolute acceleration of the particle when it moves along the
surface of rotating casing under the action of the spiral are

a, = _Péiz ; a, = Péi ; a,; =2 =T(o _éi); I(2m) = c(o, _éi) , (13)

where p is radial parameter of the particle, p=D/2; 6,6 and 6 are, respectively, the angular
parameter, velocity and acceleration of the particle in the system Opoz .

By decomposing vector equation (8) of the particle's motion on the coordinate axes, we
obtain the system of equations similar to that for screw conveyors

~N,, +m,gcos 6, + mRO? =0;
(sin o +py cosa) - Ny, —p, COSP,,; - Ny, +2P; +m,gsin 0, —~m.R6, =0;

y (14)
(cosa—p, sina)- Ny, —p,sinB,, N, +ZP,, —mc(o, —6,)=0.

where 213, is the total effect of external influences from other particles; for the case of a single particle
%P, =0, for the case of many particles, the internal forces are balanced in the centre of gravity.
3. RESULTS AND DISCUSSION
For the case of stationary process, it is possible to accept @, =0, ®,=0, 6, =0. Then
N,. =m.(RO? + g cosh,);

1Ny, cos(o + 0 +le') =mg sin 0, cos(o + (Pl);

_ Mo sin By, - N,
cosa —, Sin o

(15)

1
From the second equation in system (15)

gsin 6, cos(a + @)
. =arccos - —o—Qy- 16
P [uzmef +geose) | ¥ (10

In the lower part of the conveyor-mixer (6, = 0), the gravity vector is directed along
the axis Op and the angle B,, = n/2—a — ¢, . As the casing rotates and angle 0, increases, the

value of angle 3,, increases to 90°, when the particle moves along the generative of the rotating
casing (Fig. 2 and Fig. 3), and with further increase of angle 0., angle [3,, will increase until
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angle B, in the basic coordinate system reaches the value B, — m/2and single particle is not

be pulled into the rotating motion by the casing (Fig. 3), but moves horizontally.
In order to assess the mutual influence of particles on the process of their movement as a

system, let us consider two side-by-side load elements (particles) of equal mass m, =m, with
angular parameters ¢, and ¢,, respectively, and represent them as ¢, =0+A, and ¢, =0—A,;
where 0 is the angular parameter of the intermediate (middle) point located on the casing between
the particles; A, and A, is the angular displacement of each of the particles relative to the
intermediate point, let us assume A, =A, =A.

Let us consider coordinate system O.ntu the centre of which is located at the centre of
mass C of the system of two particles with mass m=m, +m,, axis O.n is normal to the surface
of the casing, axis Ot is tangent to the circle passed through C, and axis O.u is collinear to

axis O,z of the system Opoz . Accordingly, the angular parameter of the centre O, coincides
with the angular parameter of the centre of masses 0.. For cohesive mixture, the elevation
angles of close particles will be practically the same (B,, =B,, ), and therefore, in equation (14),
the coefficients (9) for each of the two particles are taken to be the same «,=a,, and o ,~0,,
The centrifugal acceleration of each particle is a, =a , = —p6&?. For stationary process, let

usassume a, =a, = —p6?, and for neighbouring particles N, =N,,, N,, =N,,.
Then for the system of two particles (i €{L2}) the equation of motion is as follows

—N,, cos(+A)+m.g[cos(0+A)]+m.R(O+A)? cos(+A)=0;
(sin o+ p, cosa)N,, —p, cosP,, - N,, £ P.sin o+ m,gsin(6+A)=0; 17
(cosa—p, sin a)N;, —p, sin B, -N, ¥ P,cosa=0.

Let us sum over the corresponding coordinates the components of the system of
equations for each of the particles ; =1 and ;=2 and denote the equivalent reactions of the

spiral and the casing to the system as N, =N;; +N;,, N, =N, +N,, . We assume that A — 0,
and the combined system (of the two equations (17) at i =1and i =2) becomes identical to
system (15) with respect to the unknowns N;, N,, and 6=6_.. Excluding N,, N, from
system (15), we obtain the equation of stationary motion of the system of two (or more)
particles, given by the parameter of the elevation angle 3, =3, of the trajectory of the centre
of their masses, and in which the mass of the system is substituted for the mass of one particle
M, and the coordinates of the centre of mass of the system C(R.;6.;z.) are taken instead of

the coordinates of the particle.

Analysis of (15) and (17) shows that dependence (15) is also valid for the array of
many particles, i.e., separated flow (dragging body), where the coordinates of the particle
correspond to the coordinates of the centre of gravity of the drag body under transient
conditions with the introduction of appropriate correction factor. Accordingly, the results
obtained for the material particle can be extended to the binding mixture movement in the

screw mixer, where the coordinates of the centre of mass C(R.;0.;z.) of the system are used

instead of the particle coordinates. Here, R., 0. and z. are, respectively, radial, angular,

and axial parameters of the location of the centre of mass of the drag body with the reduced
parameters (Fig. 4) and the corresponding correction factors determined experimentally.
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Then the procedure for calculating the kinematic parameters of the screw mixer in the
area of continuous movement of the drag body will be as follows.
According to (16), when the angular parameter 6 =0 of the drag body increases to a

certain value, the angle approaches to 3,, & n/2 (Fig. 2), where the mixture moves along the
casing. According to the selected filling factor ¢, of the conveyor-mixer, the expected value of the

angular parameter of the location of the centre of the drag body is determined, and according to the
graph in Fig. 2, constructed for a specific angular velocity 6 = 6. of the casing, we determine the

value B3,, = /2, as one of the possible values, which we use to determine the refined value as the

first iteration. In this case, 0= ®, and the value of the angle change ,,(8) as the function of the

angle O is determined by the dependence, which includes the radius of the centre of mass of the
particles of the drag body and the correction factor k.. , which takes into account the differences in

the transport of the drag body and the material particle and is determined experimentally

B, (6) = arccos 900+ @)

- — .
(chng J P
Ko +1
g-coso

(18)

Then the procedure for calculating the kinematic parameters of the screw mixer in the
area of continuous movement of bulk material will be as follows.
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Figure 3. Change in the elevation angular parameter f, of the
particle trajectory relative to the rotating casing depending on
the angle of its placement © for: 1 — ®, =250 s¥;
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Figure 4. Placement of the drag body of
bulk material in the working space of the
Screw conveyor-mixer

Taking into account (10), the refined angular velocity of the centre of gravity will be as

follows

W,y ctgP,tga

1+ctgB,, tga
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Substituting this value instead w, from dependence (18), we obtain the value of the
next iteration. In the case when B, > /2, it is recommended to increase the angular speed of
rotation of the casing and repeat the calculations for the new value , (Fig. 2). Based on the
known angular velocities o, and w, the elevation angle of the trajectory of the centre of the
drag body B, =B,,, we determine all the kinematic parameters of the process (Fig. 3). Thus, the

relative velocity of the drag body with the centre coordinates C(R.;6.;z.) according to (19)
is determined by the following dependence

Re (o, —®,)sin a

0.)= .
Y0 = G B, (00 (20)

The circular component of the relative velocity is
Voo 0.)= R:(®, —,)sin a.cos[B,(0,)] . 1)

sinf o +B,,(0.)]

Accordingly, the circular component of the absolute velocity of the drag body, on which the
mixing efficiency depends, will be the function of the angular parameter 6. of the centre of mass O,

R. (o, —,)sin a.cos[B,(0.)] .

le(ec) =R.o, +Vp¢(ec) =Rcw, + sinfae +B,(60,)]

(22)

Axial component of the velocity of the drag body (relative, also known as absolute)

Re (o, —m,)sin asin[B,(0.)]
sinfa.+B,(0.)] .

Vz (eC) = (23)

The value of the elevation angle B, of the helical trajectory of the mixture (in case of
contact with the casing) in the fixed coordinate system will be as follows

Bo =Bo (9) = arctg[( o, / 0 -Dtga]. (24)

Such adjustment is made taking into account that the drag body occupies about the third of
the mixer's working space, depending on the filling factor of the screw conveyor—mixer (Fig. 4).
Since the body of the mixture dragging occupies a certain volume, its upper points are offset from

the axis On which passes through the centre of mass O, by an angle A8,. Accordingly, in the
system Op6z this point will have an angular coordinate. Considering that the entire mass of the
mixture makes a circular motion, then the angular velocity of each particle will be practically the
samed, =0_.. The condition for the separation of such massAm, particle from the casing is the
predominance of the component of the particle gravitational force over the component of centrifugal
forces N, < Am,g and after simplifications is R6?/g <1. Taking into account (19)

(25)

(Rccoi j[“ (@, /e, ~Dsin acos[Bz(ec)]T kRl
9 sin[o+B,(6.)] 9

where k, is the coefficient that takes into account the recommended inclination of the mixture
route along the rotating casing, which is set by the angle B,(0.) . The angular velocity ®, of
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the casing is determined from dependence (25). In order to ensure the separation of the part of
the drag body in the given proportion of the mixture that is thrown over the shaft and the mixture

that remains in the previous cell, the angular range of overlap of the drag body, where N, <0

is calculated according to dependence (25), provided that up to 50% of the mixture should be
thrown over the shaft. Based on the condition of ensuring uniformity of mixing, the number of

shoveling cycles n, is set and the time of the mixture passing through the mixer t, =2nn. /o,
is determined. Based on the known length L of the mixer and the time t_ of the mixture
passage, the maximum linear speed of the mixture passage is determined

Vi = Lo®, /(270,) . (26)

According to (23), the angular velocity of the operating body ®, =®,+2nv, /T is
determined. The flow rate of the current screw mixer, similar to (5), will be

Q=0,125¢, y (e, —,)(D* ~d?). (27)

According to (10), the unevenness of mixing depending on the number of shoveling
cycles n, can be approximated by exponential dependence, the components (coefficients and

model parameters) of which are determined experimentally
&= APy, W)™ ™ +C (28)

where A4(¢,, V) is component that depends on the mixer filling and the degree of the mixture
overfilling; K is coefficient that takes into account the rheological properties of the components
of the mixture, their cohesion; C is component that takes into account the partial separation of
the mixture components (separation) under the influence of gravity and other factors.

4. CONCLUSIONS

The carried out investigations showed that the application of direct-flow screw
conveyors-mixers with rotating casings makes it possible to improve significantly the
main characteristics of the mixing process and expand the scope of their use, particularly,
in automated systems. This is substantiated by the fact that the specified conveyors-mixers
are able to provide and regulate all the main parameters of the mixing process on one
equipment for mixtures of different component composition with different rheological
properties.

It has been determined that the efficiency of mixing the mixture in direct-flow
screw conveyors-mixers is determined by the number of mixture shoveling and the ratio
of the part of the mixture that fell over the shaft to the part that moved along the screw.
It is shown that the stability of the process of screw movement of the mixture with
subsequent disruption of the flow and shoveling is ensured by the rotation of the casing,
which prevents the transition of the flow to horizontal transportation. In particular, the
adjustment of the angular speed of rotation of the casing makes it possible to ensure the
optimal detachment of the mixture from the surface of the casing in its given area and its
effective shoveling, depending on the filling factor of the conveyor and the rheology of the
bulk mixture.

The selection of the mode of movement (ahead or lag) of the mixture in
relation to the rotating casing is regulated by the selection of the spiral pitch and
angular speed of the casing, depending on the rheological properties of the mixture.
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The quality of mixing and the stability of its composition over time is ensured by the
number of shovelling operations and the time spent in the conveyor's working area,
which is regulated by the difference in the angular velocity of the screw and the
casing.

Regulation of the speed mode and the time of the mixture presence in the
working area ensures effective mixing of the mixture in the mode of flow transportation,
makes it possible to reduce the length of the direct-flow screw conveyors-mixers and,
accordingly, their material capacity, as well as their energy consumption, due to the
reduction of energy costs for pouring the mixture and reducing the working area of the
mixer.
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VJIK 631.26

JOCJIIZKEHHA I'OPU30OHTAJIBHUX I'BUHTOBUX KOHBECEPIB-
3MIITYBAYIB 3 OBEPTOBUM KOXKYXOM

IBan I'eBko; Anapii AsuyH; Oaena JImutpis; Cepriit KoBainb;
ITIaBjo JlecobkiB;, Poman OxHiBCbKHH

Tepnoninbcokuu Hayionanbhuu mexuivHuu ynigepcumem imeni leana 1lynios,
Tepnonins, Yxpaina

Pezrome. Posensanymo mooenb nepemiuyerHs cymiuiell y 20pU3OHMAIbHUX 2BUHIMOBUX KOHBEEPAX-3MIULY8aAHaX 3
00epmosUM KOXHCYXOM, HANPAM 0DepMAHHSA K020 CHIBNAOGE 3 HANPAMOM OOEPMAHHSL 28UHINOB020 POOOHO20 OP2aHY.
Tpu manux weuOKOCMAX 28UHMA MA KOXCYXA CYMIll 3CY8AEMbCSA NO 26UHMY Ul PEani3yEMbC MUXOXIOHUL PeNcUm
MPAHCROPMYBAHHSL, AHANIOSIYHULL MUXOXIOHUM 26UHIMOBUM KOHBEEPAM, I3 HE3HAUHUM eqheKIMoM NEPeMiULyEaHHs CyMIULL.
THoxaszano, wo npoyec nepemiuty8arHst CyMiuii nPOXoOuns iHMeHCUSHIULE NPU NEPEXIOHOMY PeNCUMI pobomu KOHEeEPd,
npu AKOMY BAHMAIIC 0OEPIMOBUM KONCYXOM NIOHIMAEMbCS 00 BEPXHLOI YACMUHU POOOUO20 NPOCMOPY KOHBEEPA, 36I0KU
YACMUHA 3CY8AEMbCSL NO CRIPATE 6HU3, A YACMUHA NEPECUNAEMbCS Yepe3 6ail I NOMPANJIAE 6 THULY KOMIPKY, YMGOPEH)y
CYCIOHIMU BUMKAMU 28UHIMOB020 POOO4020 opzany. IIpu yvomy npoxooumsv K neperonavyeaHHs Cymiuii, max i ii
PO30CEpPeOHCeHHsT N0 O08XCUHI, WO 3abe3neuye BUCOKY 321a0HCY8ANbHY 30AMHICIb KOH@ecpa-3miuyeaua. s
6CMAHOBNICHHA KIHEMAMUYHUX NAPAMEMPIE KOHBeEPA-3MIuLy6aua 6 YUMHOPUYHIL cucmemi KOOPOUHAM PO32ISHYMO
DIBHSHHA PIBHOBA2U OKpeMUX eleMeHmi6 cymiuli, Ha sike OIomb CUU peaxyii 6I0 00epmOoBUX KOJCYXa ma 28UHMOB020
pobouoeo opeany. Tlokazano, wo nepemiwjentss ming 0I0UIHHA Y 26UHNMOBOM) KOHBEEPI-3MIULYBAU] MOJICHA ONUCANU
DIBHSHHAMU, AHATOLIYHUMU NePeMIUeHHI0 YACTUHKIL 3 NPUgedeHuMU napamempamiu. Bemanoeneno dianasonu suauens
KYMOBUX WBUOKOCMel 00ePMAHHSL KOJHCYXA, 3a SKUX 8I00)8AEMbCSL CMAYIOHAPHULL PYX CUNKO20 8AHMANCY 810 30HU 1020
2BUHMOBO20 MPAHCNOPMYBAHHA 00 30HU PO3PUBY 8 A13€ell i3 00ePMOBUM KOHCYXOM | CHAOAHHS 6HU3 MA NEPECUNAHHAM
uepe3 gan. Ilokaszano, wjo ocb08a WBUOKICIb 28UHMOB020 KOHBEEPA-3MILUYBAUA BUSHAYAEMbCA DI3HUYEI0 KYMOBUX
wieUOKOCmell 28UHMA MA KOXNCYXA | KPOKOM 28unmad. BugedeHo 3anedxcHocmi Ona USHAUEHHS KIHeMamuuHux
napamempig amiutysaua, sKi 3a0e3neyyioms pexncumy pooomu 3MiuLyeaya i3 ymosu 3a0anoi AKocmi 3mMiuly8aHHs.

Knwouogi cnosa: 26unmosuii Kongeep-3miuysay, NPAMOMOUHUL 28UHMOBULL 3MIULYB8AY, 00EPMOBULL KOJICYX,
CUNKA CYMiul; KIHeMAamuKa NOmoxKy CUNKUX 6aHMAdiCI8, PIGHAHHA PYXY, MIIO0 80JI0UIHHA CUNKO20 Mamepiany.
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