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ABSTRACT. The study considers construction mixture mixing process in a forced action mixer using a
stochastic approach for description of component movement within working volume. Mixer working space is
represented as a system of interconnected cells between which probabilistic mixture particle transitions occur under
action of screw blades, shear deformations, and circulation flows. A tramsition matrix describing component
redistribution patterns between separate mixer zones during the mixing process was developed. The mechanism of
gradual homogeneous material distribution achievement within working volume is described and influence of
transition parameters on mixing intensity is established. Possibility of proposed model application for mixing process
evaluation efficiency and justification of rational design and operating parameters for mixing equipment is
demonstrated.

Keywords: construction mixture, mixing, transition matrix, mortar mixer, cell model, screw blades, mixture
homogeneity, stochastic modeling.

Introduction. Construction mixture mixing process is one of the decisive stages of the technological
cycle for concrete and mortar composition preparation, since ready material quality and efficiency of
subsequent technological operations depend on component distribution uniformity. Insufficient
construction mixture homogeneity can lead to deterioration of ready material physical mechanical
characteristics, nonuniform component distribution, and lower construction work quality. Therefore,
improvement of mixing process efficiency and determination of component movement patterns within
mixer working volume are important tasks of modern construction machinery engineering. In forced action
mixers, mixing is accompanied by complex spatial particle movement under influence of screw blades,
shear deformations, inertial forces, and gravitational forces [1-2]. Under such conditions, application of
stochastic approaches enabling description of mixture component redistribution process within mixer
working volume becomes expedient. One such approach involves application of a probabilistic model in
which material movement between separate drum zones is considered as a system of probabilistic
transitions. This enables evaluation of mixture homogeneity achievement dynamics and establishment of
influence of mixer design and operating parameters on mixing process efficiency. Application of
mathematical models for investigation of mixing processes is especially relevant, since conducting a large
number of experimental studies requires significant time and resource expenditures. Use of stochastic
approaches enables evaluation of mixture component movement character and prediction of homogeneous
state achievement rate depending on mixer design and operating parameters.

Analysis of recent research and publications. Analysis of modern studies showed that most
scientific works devoted to construction mixture mixing processes focus on determination of mixer energy
characteristics, influence of working body geometry, and medium rheological properties on mixing
intensity [3—5]. Hydrodynamic, kinematic, and discrete element models are mainly used for description of
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component movement in mixers [6]. At the same time, application of stochastic and probabilistic models
for description of mixture particle movement within mixer working volume remains insufficiently
investigated, especially considering local component redistribution between separate working space zones.

Research objective. Investigation of a stochastic model for construction mixture mixing process in a
forced action mixer and determination of component redistribution patterns within working volume through
description of probabilistic transitions between separate mixing space cells.

Main part. During stochastic model development, mixer internal volume is considered as a discrete
system of separate cells between which mixture component movement occurs under action of screw blades.
Each cell characterizes a local working volume zone containing a portion of material at a given time
moment. Discrete representation of mixer working volume enables consideration of local mixture
movement features in different drum zones. Under real conditions, the mixing process occurs nonuniformly,
since regions of intensive circulation and shear deformations are formed near screw blades. At the same
time, component movement velocity is lower in remote zones, influencing overall mixing intensity.

System state is described by a component distribution vector

(1)
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(1)
x,(2)

where x;(?) — relative mixture fraction in the i-th cell at time moment t.

To ensure preservation of total material mass, the normalization condition is satisfied

>x=1 ®)

Physically, this means that during the mixing process the material does not disappear from the working
volume and does not accumulate outside the system boundaries, but only changes its position between
separate cells. Component movement occurs under action of screw blades, gravitational forces, and inertial
effects arising during mixing body rotation.

The mixing process is described as a sequence of component transitions between neighboring cells.
After each mixing cycle, material redistribution occurs according to transition probability matrix N. Then
the system state at the next step is determined by the following relation

X(t+)=N-X(t) 3)

The transition process between neighboring cells reflects real physical movement of construction
mixture components inside the mixer. During each mixing cycle, particles repeatedly change their spatial
position, forming circulation flows within working volume. Such repeated component position variation
ensures gradual mixture concentration equalization.

During the mixing process, continuous mass exchange of mixture components occurs between
separate working volume zones. Intensity of such mass exchange is determined by circulation flow velocity
formed under action of mixer working bodies. The more active the exchange between neighboring cells,
the faster the system approaches a homogeneous state.

The transition matrix characterizes probability of mixture component movement between separate
mixer zones. The model assumes that a material portion can move to the previous cell, remain in the current
cell, or move to the next cell. For this purpose, the following coefficients are introduced as

p+qg+r=1 4)
where p — backward transition probability,

q — probability of remaining in the current cell,

r — forward transition probability.

Transition coefficient values depend on mixer operating modes and physical mechanical properties of
the construction mixture. Increased mixing body rotation speed raises intensity of component movement
between neighboring cells, promoting faster achievement of a homogeneous mixture state. In addition,
transition processes are substantially influenced by screw blade geometry parameters.
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An important factor is also the number of cells into which mixer working volume is conditionally
divided. Increased cell quantity enables more detailed description of local material redistribution processes,
but simultaneously complicates the mathematical model and increases calculation volume during mixing
process simulation.

Considering the local mixing character, the transition matrix acquires a band structure:

g r 0 -« 0 p]
p q ’/‘ .o O 0

N=l0 p g - 0 0 (5)
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The proposed band structure of the transition matrix corresponds to the local interaction character
between neighboring working volume zones. Such an approach enables adequate description of gradual
material movement inside the mixer without necessity for complex continuous flow description throughout
the entire drum volume.

Such a structure corresponds to the physical process of mixture movement under action of screw
blades, when primary material exchange occurs between neighboring working volume zones. Periodic
boundary conditions are used for a closed drum, under which extreme cells interact with each other,
ensuring cyclic mixing character.

Periodic boundary conditions correspond to closed mixer geometry in which the material continuously
circulates within working volume. Due to this, extreme cells interact with each other, enabling avoidance
of isolated stagnant zone formation and ensuring continuous mixture component redistribution.

Initial component distribution in the mixer is nonuniform, since after loading the material is localized
within specific drum zones. During multiple transitions between cells, the distribution gradually equalizes.
At the initial stage, mixture component concentration is localized within separate drum zones after material
loading. During multiple transitions between cells, local concentration differences gradually decrease,
leading to formation of a more homogeneous component distribution within mixer working volume.

The criterion for mixture homogeneity achievement is convergence of values in all cells to the same
level

X=Xy ==X, = (6)
n

The proposed stochastic approach can be used as a basis for computer simulation of construction
mixture mixing process. Model implementation within a software environment enables investigation of
component redistribution dynamics, analysis of transition matrix parameter influence, and evaluation of
efficiency for different mixer operating modes without conducting a large number of experimental studies.

The obtained results can be used for further investigation of construction mixture mixing processes
with varying consistency and density. In addition, the proposed approach creates possibilities for evaluation
of efficiency of different mixing body designs and determination of rational equipment operating modes
depending on technological mixture preparation conditions.

Thus, the stochastic model enables description of construction mixture mixing process as a sequential
probabilistic redistribution of components between separate working volume zones, making it possible to
evaluate mixing intensity and determine influence of mixer design and operating parameters on the rate of
homogeneous mixture state achievement.

Conclusions. As a result of the performed studies, a stochastic model of construction mixture mixing
process was developed, in which mixer working volume is represented as a system of interconnected cells
with probabilistic component transitions between them. It was established that application of a transition
matrix enables description of mixture redistribution process within the mixer and evaluation of
homogeneous material state achievement dynamics.

It was shown that component distribution equalization rate depends on transition probability values
between cells determined by screw blade design and mixer operating modes. The obtained model can be
used for evaluation of mixing process efficiency and further justification of rational operating parameters
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for mixing equipment.
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ABSTRACT. The study considers features of construction mixture preparation and transport processes in
mixing feeding equipment combining a forced action mixer and a screw conveying unit. The influence of physical
mechanical and rheological properties of construction mixtures with varying consistency on mixing and subsequent
transport conditions is analyzed. It is shown that efficiency of the technological process depends on coordination
between working body design parameters, operating modes, and movement conditions of the mixture within the mixer
working volume and conveying channel.

Analytical relationships describing construction mixture particle movement under blade working body action,
circulation flow formation within the mixing chamber, and subsequent axial movement of the prepared mixture by
the screw conveying unit are presented. The obtained relationships consider the influence of working body kinematic
parameters, blade geometry, screw helix parameters, and mixture viscosity on mixing and transport conditions within
a unified technological process. The presented results can be used for justification of rational design and operating
parameters for construction mixture preparation and transport equipment.

Keywords: construction mixture, forced action mixer, screw conveying unit, mixing, transport, working body,
technological process, construction equipment.

Introduction. Construction mixture preparation and delivery processes are an important component
of modern construction, since they determine material technological property formation conditions and
efficiency of construction and finishing operations. Construction and finishing operation quality largely
depend on mixture homogeneity, preservation of structural mechanical characteristics, and continuous
material delivery to the application location. Accordingly, improvement of mixing equipment capable of
ensuring intensive component mixing with minimal energy consumption and coordination between mixture
preparation and transport parameters within a unified technological process becomes especially important.

Construction mixtures, depending on liquid phase content and physical mechanical properties, can
exhibit different mobility, internal friction, and component cohesion, which directly influence mixing
conditions and subsequent movement within technological channels. Under such conditions, equipment
operation efficiency is determined not only by mixing body design parameters but also by coordination
between conveying device operating modes and medium properties. A promising direction for
technological system efficiency improvement involves application of universal mixing feeding units in
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