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ANALYSIS OF THE MIXER GEOMETRY AND RHEOLOGY IMPACT ON CONCRETE MIXTURE
MIXING EFFICIENCY

Abstract. The article discusses the problems associated with the mixing efficiency of concrete mix-
tures in gravity concrete mixers, which are widely used in construction sites due to their simplicity of design
and mobility. Modern requirements for energy efficiency and quality control accuracy require the development
of advanced methods that can ensure high homogeneity of concrete mixtures with minimal energy consump-
tion. Considerable attention is paid to the influence of the geometry of the drum and the working bodies of
the concrete mixer on the mixing process. Various approaches to mathematical modeling have been de-
scribed, which take into account the physical and mechanical properties of the concrete mixture and the
nature of its movement during rotation. The analysis of the rheological properties of concrete mixtures shows
their significant impact on the mixing efficiency. Studies demonstrate that the proper selection of the drum
rotation speed, the angle of inclination of the blades and the duration of mixing allows for an optimal balance
between the various physical forces acting on the particles. Prospects for further research are highlighted,
including the development of complex models that would take into account various factors and would allow
predicting the behavior of the mixture in real conditions.
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blade geometry, numerical methods, mixing efficiency, energy efficiency, homogeneity of concrete mixture

1. Problem statement. Gravity concrete mixers are widely used on construction sites due
to their simple construction, mobility, and ability to effectively provide high-quality mixing of con-
crete mixtures. However, in the conditions of modern construction, where energy efficiency, ra-
tional use of materials and accuracy of control over the parameters of the mixture become especially
important, there is a need to improve concrete preparation technologies.

The use of mathematical models makes it possible to investigate the influence of various
factors, such as the speed of rotation of the drum, the humidity of the constituent materials and the
mixing time, on the quality of the final product. However, the variety of approaches and models
makes it difficult to choose the best option, which requires an in-depth comparative analysis. Sci-
entists offer various modeling methods, from simple empirical dependencies to complex numerical
models that take into account the physical processes inside the concrete mixer. Each approach has
its own advantages and limitations, which depend on the conditions of application and requirements
for the accuracy of the results.

The relevance of conducting a comparative assessment of these models is due to the growing
requirements for the quality of construction work and the efficiency of equipment. Modern con-
struction sites require technologies that provide not only consistently high quality concrete mixes,
but also minimize the impact of the human factor and reduce energy costs. The article discusses the
most common mathematical models, analyzes their features and effectiveness in practical applica-
tion.
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2. Analysis of recent sources and publications. Modern research is aimed at finding ways
to improve the quality of mixing, reduce energy costs, as well as minimize the impact of factors that
can negatively affect the final characteristics of the concrete mixture. In particular, models of mix-
ture movement are actively studied in order to describe the dynamics of particles under different
mixing conditions and to analyze the influence of geometric parameters of the working body on the
efficiency of the process [1].

Work in recent years highlights the importance of blade geometry and drum shape of a grav-
ity concrete mixer to intensify the mixing process. The authors of numerous publications point out
that the optimization of these parameters allows you to achieve a more uniform distribution of the
constituent components of the mixture and ensure the necessary homogeneity of the finished con-
crete. Using modern methods of numerical modeling, researchers were able to prove that certain
combinations of design solutions increase the efficiency of the mixer by 10-15% [2].

Particular attention is also paid to the study of the physical and mechanical properties of
concrete mixtures, which affect the nature of their movement during the rotation of the drum [3]. A
number of publications demonstrate that changes in the viscosity, density and other rheological
properties of the concrete mixture can significantly affect the efficiency of the mixing process [4].
Separate studies analyze the effect of temperature, degree of humidity and exposure time of a mix-
ture on its behavior during mixing. Through computer simulations and experimental studies, it has
been found that the unevenness of mixing in the initial stages of the process is often associated with
the adhesion of cement particles and inert materials due to the incorrect choice of rotation parame-
ters and speeds [5].

3. Purpose of the work. The purpose of this article is to conduct a comparative evaluation
of the various mathematical models applied to the concrete mix mixing process in a gravity concrete
mixer, in order to identify the models that provide the greatest accuracy, efficiency and compliance
with production conditions.

4. Discussion of research results. The mathematical description of the physical model of a
gravitational concrete mixer (fig. 1) is based on a set of equations describing the dynamics of mixing
a concrete mixture under the influence of gravitational and centrifugal forces, friction between the
particles of the mixture, as well as the effect of frictional forces on the walls of the drum. The main
goal of the physical model is to reproduce the mixing process in a mathematical format, taking into
account the influence of geometric and kinematic parameters of the concrete mixer.

Fig. 1. Gravity Concrete Mixer

The basis of mathematical modeling is the description of the movement of aggregate solids
in a viscous liquid, which consists of cement mortar and small particles. For this, the Navier-Stokes
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equations are used, describing the behavior of a viscous liquid under conditions of dynamic mixing
[6]. The Navier-Stokes equation has the form:

p(%+V~V\7)=—Vp+/¢V2\7+pG, @

where: p — liquid density; V. — velocity vector; p — pressure; 1/ — dynamic viscosity coeffi-
cient; § — gravitational acceleration vector.

These equations take into account internal forces, such as pressure and viscosity, as well as
external forces, including gravity. The equations are used to describe the behavior of a cement mor-
tar that interacts with solid particles.

The movement of solid particles in a concrete mixer is described by discrete element meth-
ods (DEM). Each particle is modeled separately, taking into account its mass, shape and interaction
with other particles and drum walls [7]. The equation of motion of a particle is determined by New-
ton's second law:

d

2o
mi dt)z(l = Z 'fcontact + mi g + 'Eviscosity’ (2)

—

where: M. — Mass of the i-th particle; X, — particle position; F

wontact — the total force of contact

with other particles and the surface of the drum; F

viscosity —— liquid interaction force.

Contact forces are determined based on models of elastic and plastic deformations, as well
as friction coefficients. The viscosity force depends on the relative velocity between the particle and
the surrounding liquid and takes into account the effect of the viscosity of the cement mortar.

One of the key factors affecting the mixing process is the speed of rotation of the drum. It
determines what forces dominate during mixing: at low speeds, the mixture is predominantly ex-
posed to gravity, which leads to mixing due to the falling particles. As the speed increases, centrif-
ugal forces begin to dominate, creating the effect of particles "sticking™ to the walls of the drum.
For effective mixing, it is important to find a balance between these two modes, which is determined
by the critical rotation speed [8]. The critical velocity is calculated using the formula:

0, =, 3)

where: @, — critical angular velocity; g — acceleration of free fall; R — drum radius.

When this speed is exceeded, centrifugal forces begin to prevail over gravitational ones,
which reduces the mixing efficiency.

An important parameter in the model is also the mixing time. It determines the degree of
homogeneity of the concrete mixture and depends on the dynamic characteristics of the system. To
optimize the process, it is necessary to establish a relationship between the mixing time and the
homogeneity indicators. This dependence can be described using the time-dependent function of
distributing particles according to their position and velocity:

Ccit)=C, exp(—%), 4)

where: C(t) — concentration of particles in a certain volume at a point in time t; Co — initial con-
centration; z — characteristic mixing time.

The value 7 depends on the geometry of the drum, the viscosity of the cement mortar and
the properties of the aggregate.
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Another important factor is the coefficient of friction between the mixture particles and the
walls of the drum, which affects energy loss and process efficiency. This ratio depends on the ma-
terial of the drum walls and the characteristics of the mixture, such as moisture and particle size.
Determining the coefficient of friction is an important task that affects the accuracy of the model.

The total energy expended in the mixing process can be defined as the sum of the kinetic
energy of the particles, the energy of strain during collisions, and the energy loss due to friction [9].
The mathematical expression of the energy balance can be written in the form:

Etol = z(% mivizj * Z ESIY + Efriction ) (5)

where: E,, — total energy of the system; vi — velocity of the i-th particle; E, — strain energy

tot

on contact; E — energy lost due to friction.

friction

Energy balance analysis helps to optimize the mixing process, reducing unnecessary energy
loss and improving the homogeneity of the mixture.

The blades of the concrete mixer play a critical role in the mixing process, affecting the
trajectory of the particles of the mixture, their speed and the forces acting on them. The mathematical
description of this effect in the gravity concrete mixer model takes into account the geometric pa-
rameters of the blades, such as their angle of inclination, number, placement, and interaction with
the components of the concrete mix. Each of these factors affects the distribution of forces in the
system and the efficiency of mixing [10].

At a certain angle of inclination, the blades direct the mixture up and to the side, creating an
effective distribution of components in the drum. The optimal angle of inclination depends on fac-
tors such as the speed of rotation of the drum, the viscosity and density of the mixture. Mathematical
modeling of the effect of the angle of inclination can be done using equations that describe the
direction and magnitude of the forces acting on a particle when it comes into contact with the blade.
The components of the gravitational force that is split into components along and perpendicular to
the surface of the blade are taken into account:

F,=mgsin(e) and F, =mgcos(a), (6)

where: Fg — component of the gravitational force that contributes to the movement of the particle
along the blade; Fn — a normal component that presses the particle to the surface of the blade; m
— particle mass; g — acceleration of free fall; « — blade inclination angle.

These forces determine how fast and in what direction the particles will move when they
come into contact with the blade. Increasing the angle of inclination results in greater particle lift,
but at the same time can reduce mixing efficiency due to less interaction between particles.

The number of blades in a concrete mixer also affects the mixing process. With more blades,
the mixture is more likely to be picked up and mixed, which contributes to the homogeneity of the
mixture. However, an excessive number of blades can create a stagnation zone or, conversely, over-
load the system, which increases the resistance to the movement of the mixture and energy expendi-
ture. The frequency of contact determines the number of mechanical pulses that particles receive in
a given time and affects the kinetic energy they gain. The total amount of mechanical work per-
formed by the blades depends on the total mass of the mixture and the geometry of the system.

An important aspect of the model is the gravity of the mixture on the blades, which puts a
load on the concrete mixer and affects the mixing efficiency.

F,=mg, (7)
where: m — mass of the mixture acting on a specific shoulder blade; g — acceleration of free fall.

Gravity affects the mechanical work that the blades must do to lift and move the mixture.
This load can contribute to intense mixing if its distribution is optimal, or cause significant energy

80



Bunyck/Issue 41, 2024 T ‘

losses in the event of an uneven load. Gravity also determines the maximum mass of the mixture
that the blades can move efficiently without overloading the system.

The frictional force between the mixture particles and the blades counteracts the movement
of particles along the surface of the blades and can both promote mixing and inhibit the process,
depending on its magnitude. The frictional force is described by the equation:

I:friction = :UFn ’ (8)

where: 1 — coefficient of friction between the particles of the mixture and the material of the
blades; Fn — normal force acting on a particle.

The amount of friction force depends on the material from which the blades are made and
on the characteristics of the mixture, in particular its moisture content and graininess. A high coef-
ficient of friction can lead to more efficient pick-up of particles by the blades, but also causes an
increase in energy expenditure to overcome resistance.

To determine the total effect of the blades on mixing, all the forces mentioned in the context
of the kinetic and potential energy of the system are taken into account. Each particle that moves in
the concrete mixer interacts with the blades, gaining or losing energy, which allows you to build an
equation of motion that takes into account the influence of all the forces acting [11]. To describe the
change in the velocity of a particle during contact with a blade:

L F,+F F )

dt friction — " inertia’

where: V. — particle velocity; F, ... — the force of inertia resulting from the rotation of the drum.

This equation allows you to determine how the kinetic energy of a particle changes and how
it contributes to the mixing process.

The overall mixing efficiency depends on the correct combination of the angle of inclination,
the number of blades and the material from which they are made. If these parameters are optimally
chosen, then the interaction between the particles and the blades leads to an even distribution of the
components of the mixture, minimal energy consumption and high homogeneity of the finished
concrete. Instead, incorrect parameters can cause the effect of "dead zones", where the mixture is
practically not mixed, or overloading of individual blades, which causes wear and loss of efficiency.

In mathematical models of the mixing process involving the blades, special coefficients are
often introduced that describe the influence of the geometric and dynamic characteristics of the
blades on the mixing efficiency. The efficiency factor of the blades reflects how efficiently the
blades carry and mix the mixture particles in the concrete mixer drum.

The coefficient k,, can be expressed in the form of an empirical formula that includes pa-

rameters:
ky = f(a,n, 1), (10)

where: « — angle of inclination of the blades; n — number of blades in the drum; ;, — Coefficient

of friction between the blades and particles of the mixture; v — drum rotation speed.

The rheology of concrete during mixing in a gravity concrete mixer is an important aspect
that determines the characteristics and quality of the resulting concrete mixture. It describes how
the concrete mixture reacts to the forces applied to it, including shear and gravitational, during the
rotation of the concrete mixer drum. The main parameters affecting the rheological properties of a
mixture include viscosity, plasticity, particle structure, their interconnection, and the influence of
various physical factors. These characteristics can be described using rheological models such as
Bingham's model, Newton's model, and more complex nonlinear models.

One of the most common models used to describe the rheological properties of a concrete
mix is the Bingham model. It defines concrete as a pseudoplastic liquid that behaves like a solid at
low stress values and goes into a fluid state only after a certain threshold shear stress is reached [12].
In mathematical form, this is expressed in terms of the equation:

81



T J Texmika OyaiBHMIITBA Bunyck/Issue 41, 2024

T=T,+1Y, (11)

where: 7 — shear stress; 7, — threshold shear stress; n — concrete mix viscosity; y — shear

speed.
This equation shows that the mixture only begins to flow when the applied stress exceeds
the value of 7. In the context of a gravity concrete mixer, Bingham's model describes how the

blades and walls of the drum create shear stresses sufficient to bring the mixture into a fluid state.
The values 7, and 77 depend on the composition of concrete, water-cement ratio, aggregate granu-

larity and temperature.

The viscosity of a concrete mixture is an important rheological parameter that determines its
yield resistance. In a gravity concrete mixer, viscosity affects how easily the cement and aggregate
particles move relative to each other under the forces created by the blades. The toughness of con-
crete can be thought of as a function of the water-cement ratio, where more water reduces the vis-
cosity and improves the fluidity of the mixture, but can reduce its strength after hardening. On the
other hand, a decrease in the water-cement ratio increases the viscosity, complicates the mixing
process and can lead to uneven particle distribution. In rheological models, this is reflected as the
dependence of viscosity on the concentration of solid particles in the liquid phase:

n=1,1+kg)", (12)

where: 7, — viscosity of pure liquid (water); k and n — constants depending on the type and dis-
tribution of particles; ¢ — volume fraction of solid particles in the concrete mixture.

The interaction between particles in a concrete mixture plays a key role in its rheological
properties. Cement and aggregate particles form a complex network of bonds and structural inter-
actions that determine how the mixture reacts to mechanical stress. The shear stresses created by
the blades can destroy these structures, reducing viscosity and improving fluidity (rheological rare-
faction). However, if the stress decreases, the structure can recover and the viscosity increases again.
This effect is called thixotropy and can be described mathematically through changes in viscosity
over time:

n(t) =n,(1+0exp(-t/ 1)), (13)

where: n(t) — viscosity at a point in time t; & — thixotropy coefficient; 4 — characteristic relax-

ation time of the structure.

To describe the plastic deformation of the mixture, equations are used that take into account
the elastic and viscous components of the reaction of the material. The viscoelastic model of con-
crete includes both instantaneous and slow reaction of the mixture to the applied stress. This is
especially important in the context of a gravity concrete mixer, where the applied forces can change
over time due to the rotational motion of the drum. Viscoelastic equations have the form:

o) =Ee(t) +7 d‘; Et) | (14)

where o(t) — tension; E — modulus of elasticity; &(t) — deformation; n — viscosity.

This model describes how a mixture accumulates stress when deformed and how quickly it
returns to its original state after stress is relieved.

Another important factor in the rheological description of concrete is the distribution of par-
ticles of different sizes in the mixture. Large aggregates can create additional resistance to stirring,
while small particles fill gaps and facilitate fluidity. This equation allows you to accurately estimate
how different particle sizes and shapes affect the rheological properties of the mixture:

n=["f()n,dr, (15)
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where: f(r) — radius distribution function of particles r; », — viscosity corresponding to radius

particles r.

The analysis of existing approaches shows that mathematical modeling of the movement of
the concrete mixture allows for a deeper understanding of the dynamics of mixing, especially taking
into account the influence of gravitational and centrifugal forces, as well as the characteristics of
particles. The complexity of the interaction of components in the mixing process necessitates the
use of both classical hydrodynamic models and the latest methods of numerical modeling, which
describe physical and mechanical processes with high accuracy.

An in-depth study of the effect of drum rotation speed on mixing efficiency allows us to
understand how to achieve an optimal balance between gravitational and centrifugal forces acting
on particles. Critical rotational speed analysis reveals the key points at which the mixing process
switches from one mode to another. At the same time, much attention is paid to the geometric char-
acteristics of the drum and blades, because their design features can significantly improve or, con-
versely, worsen mixing.

Thus, the presented material reflects the current state of research in the field of mathematical
modeling of the mixing process in gravity concrete mixers. Although significant progress has been
made in understanding the physical processes that occur during mixing, the question of choosing
the best methods and approaches for practical application remains relevant. Further improvement
of models that take into account the interaction of geometric and rheological factors is a promising
direction for increasing the efficiency of equipment and improving the quality of concrete mixtures.

5. Conclusions. In the process of studying mathematical models of the movement of the
concrete mixture in a gravity concrete mixer, it was found that effective mixing depends on a num-
ber of key factors, including the geometric parameters of the working body, the speed of rotation of
the drum, the rheological properties of the mixture and the interaction between the particles. Opti-
mization of these parameters can significantly improve the uniformity and quality of finished con-
crete, while reducing energy costs. The use of modern methods of numerical modeling allows you
to describe physical processes with high accuracy and offer design solutions to improve the effi-
ciency of equipment.

The development and improvement of mathematical models of the gravity concrete mixer is
of great importance for improving the quality and efficiency of construction work. Further research
should be aimed at creating complex models that take into account the influence of various factors
and allow predicting the behavior of the concrete mixture under different mixing conditions. The
use of these models in practice will contribute to the development of innovative mixing technologies
that will meet modern construction requirements for energy efficiency, environmental friendliness
and high quality of building materials.
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