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Abstract. Mixing in chemical technology is used to intensify chemical 
and heat-mass transfer processes, as well as for preparing emulsions, 
suspensions and obtaining homogeneous systems. The simplest way to 
carry out the process, which does not require an additional supply of 
mechanical energy, is to mix in a direct-flow environment, which only 
requires flow energy. Analysis of the existing designs of direct-flow 
mixers showed that the use of swirling devices of various types in order to 
increase the efficiency of the process is very promising. This article 
describes a study of the influence of the geometrical dimensions of the 
screw on the efficiency of mixing a two-component mixture using the 
FlowVision software package.  

1 Introduction  
Mixing in liquid media is widely used in industry for the preparation of emulsions, 
suspensions and the preparation of homogeneous systems (solutions), as well as for the 
intensification of chemical, thermal and diffusion processes.  
In the latter case, mixing is carried out directly in devices designed for carrying out these 
processes, equipped with mixing devices [1-4]. 

The purpose of mixing is determined by the purpose of the process. When preparing 
emulsions for intensive crushing of the dispersed phase, it is necessary to create significant 
shear forces in a mixed medium, depending on the velocity gradient. In those areas of the 
apparatus where the fluid velocity gradient is of the greatest importance, the most intense 
fragmentation of the dispersed phase occurs. 

In the case of homogenization, preparation of suspensions, heating or cooling of a 
mixed homogeneous medium, the purpose of mixing is to reduce concentration or 
temperature gradients in the volume of the apparatus. 

When mixing is used to intensify chemical, thermal, and diffusion processes in 
heterogeneous systems, better conditions are created for supplying the substance to the 
reaction zone, to the phase boundary, or to the heat exchange surface. An increase in the 
degree of turbulence of the system, achieved with stirring, leads to a decrease in the 
thickness of the boundary layer and an increase and continuous updating of the surface of 
the interacting phases. This causes a significant acceleration of the processes of heat and 
mass transfer. 

                                                 
* Corresponding author: afanasenko.v.g@yandex.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 (http://creativecommons.org/licenses/by/4.0/).

MATEC Web of Conferences 298, 00069 (2019) https://doi.org/10.1051/matecconf/201929800069
ICMTMTE 2019

mailto:afanasenko.v.g@yandex.ru


The methods of mixing and the choice of equipment for its implementation are 
determined by the purpose of mixing and the state of aggregation of the materials being 
mixed. The processes of mechanical, pneumatic and circulating mixing require additional 
energy supply. Consider the simplest method of mixing - mixing the media in the pipelines, 
the process will occur in a direct flow, and only the flow energy is spent on it. 

By analogy with mechanical mixers, the main factors characterizing the operation of 
direct-flow mixers can be attributed [5-8]: 

- energy loss; 
- intensity (degree) of mixing; 
- mixing efficiency. 
In the study, vortex mixers were considered, in which a single-auger screw was used as 

a twisting device. 

2 Research methods 

For the study, computer simulation was used with the application of the FlowVision v2.3 
software package. This product is designed to calculate hydro- and gas-dynamic problems 
(in a wide range of Reynolds and Mach numbers in arbitrary three-dimensional areas [5,9-
15].  

The basic equations in the FlowVision software package are equations Navier – Stokes 
(together with the continuity equation). To close these equations, depending on the specific 
problem, additional relations can be used that describe the change in density, turbulent 
transport, etc. Sets of such relations together with the Navier – Stokes equations are called 
models. In our calculations, we used the k-ε model of a turbulent flow of a viscous fluid 
with small changes in density at large Reynolds numbers. To determine the concentration, 
the convection-diffusion transport equation was solved. 

3 Study of the main characteristics of the mixer when changing 
the step of the swirl flow 
The main geometric dimensions of axial twisting devices made in the form of a screw 
include a twist step, therefore, an important role is played by the study of the influence of a 
screw step on the main characteristics of the mixer. 

To study the influence of the screw pitch used in the mixing device on the quality of 
mixing, a twisting device located in a pipe with a diameter of 0.3 m, the length of which is 
constant and equal to 0.75 m, was considered. The speed of the incoming components 
(kerosene, water) was set equal to 1.0-0.5; 2.0-1.0 and 4.0-2.0 m/s, respectively. We 
examined the screws in increments of 0.18 to 0.45 m. 

A general view of the calculation model is shown in Figure 1. 
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Fig. 1. The calculation model in general. 

The concentration dispersion was estimated in the cross section of the pipe at a distance 
of 0.2m from the twisting device. According to the data obtained, graphs of the dependence 
of the concentration dispersion in the plane perpendicular to the axis of rotation on the pitch 
of the twisting device were constructed (Figure 2). 

 
↑concentration dispersion,  →specific step, h/D 

Fig. 2. Graph of the concentration dispersion versus the step length of the screw referred to the pipe 
diameter (h/D). 

From the obtained dependence it follows that the quality of mixing with increasing 
screw pitch at the initial stage increases, but, reaching its maximum, begins to decrease. 
This is due to the fact that at a high intensity of the swirling flow, the process opposite to 
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mixing occurs - separation of components in the field of action of centrifugal forces. This 
assumption is confirmed by the fact that with an increase in the flow velocity, the minimum 
dispersion of concentrations shifts to the right (to the region of a larger specific step). And 
with a small step (0.6-0.9), an increase in speed, leading to an increase in the flow swirl 
intensity, leads to a deterioration in the quality of mixing. 

To study the dependence of the resistance, characterized by the pressure drop before and 
after the mixing device, on the step length of the screw, we considered the change in 
resistance in a circular pipe with a diameter of 0.3m, in which a screw of constant length 
(0.5m) was installed. The velocities of the mixed components (kerosene and water) at the 
inlet were taken equal to: 1.0 and 0.5 m/s; 2.0 and 1.0m/s; 3.0 and 1.5 m/s, and the average 
flow rates for the cases considered are 0.83, 1.66 and 2.49 m/s, respectively. 

Based on the data obtained, we plotted the dependence of the pressure drop caused by 
the mixing device on the step length of the screw referred to the pipe diameter at various 
initial speeds, and also plotted the power-law trend lines (Figure 3). 

 
↑ pressure drop, Δp, kPa, →specific step, h/D 

Fig. 3. Graph of the resistance of the mixing device (Δp, kPa) on the step length of the screw referred 
to the diameter of the pipe (h/D). 

The obtained graphs can be described with a sufficient degree of accuracy by a power-
law dependence of the following form: 
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The average speed for a two-component mixture was determined by the law of 
conservation of momentum: 
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where Vср - average flow rate, m/s; 
h - screw pitch, m; 
D - pipe diameter, m; 
 Vк1, Vк2 - initial velocity of components, m/s; 
ρк1, ρк2 - the density of the mixed components, kg/m3; 
Sк1, Sк2, Sтр - pass-through areas of inlet pipes and pipes, m2. 

4 Study of changes in concentration dispersion after a vortex 
mixer with a constant step 
To study the change in the quality of mixing in a circular pipe after an axial twisting device 
made in the form of a screw, we examined the average dispersion of concentrations in 
planes perpendicular to the axis of the apparatus and plot the dependence of the average 
dispersion on the distance to the screw. 

As a calculation model, we took a pipe with a diameter of 0.3m with a twisting device 
made in the form of 2.5 turns of a screw with a step equal to 0.18 and 0.24m. The mixed 
components enter the pipe with different speeds through the same pipe cross-sectional area. 
Based on the results of studies obtained by computer simulation of hydromechanical 
processes, we plotted the dependences of the average concentration dispersion on the 
distance to the screw (Figure 4). 

 

 
↑concentration dispersion, →distance to screw referred to diameter 

auger 2.5 turns long and pitch: a) 180 mm; b) 240 mm 

Fig. 4. Graphs of the dependence of the concentration dispersion on the distance to the swirling 
device at different initial speeds of the mixed components. 
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As follows from the obtained dependences, the sharpest increase in the quality of 
mixing of the components is observed after the screw at a distance of (0.6 ÷ 1.0) D, and the 
pattern repeated at different input speeds. This phenomenon can be explained not by the 
stationary flow of the liquid, which appears when the intensity of the swirling flow 
changes, and the most abrupt change occurs directly behind the swirling device. 

5 Change in the main characteristics of the mixer when 
changing the number of turns of the screw 
To determine the dependence of mixing quality when changing the number of turns of the 
screw with a constant step, the model used was a pipe with a diameter of 300mm, into 
which 2 components with speeds of 1 and 0.5 m/s were used. The mixing device is an axial 
twisting device made in the form of a screw with a variable number of turns. The number of 
turns equal to 1.0 was taken as a minimum (i.e., the cross section of the pipe is completely 
blocked by the screw), and for the maximum value of the number of turns is 3.0. 
We considered the main characteristics of mixing devices with a spool pitch of 180 and 240 
mm. 

According to the data obtained, a graph of the dependence of resistance (pressure drop) 
on the number of turns of the screw with a pitch of 180 and 240mm was constructed 
(Figure 5). 

 
↑resistance,Δp, kPa, → number of screws 

Fig. 5. Graph of resistance versus the number of turns of the screw 

From the obtained dependence it follows that the main pressure drop is created at the 
first turns of the screw, this can be explained by the fact that it is at the first turns of the 
screw (1.0 ÷ 2.0) that the flow is given a swirling movement, and at subsequent turns only 
the specified twist intensity is maintained. 

The concentration dispersion was considered in the cross section of the pipe at a 
distance of 0.20m from the twisting device, since according to the studies conducted, it was 
at this distance that a sharp increase in the quality of mixing was observed. According to 
the results obtained in the course of these calculations, we plotted the concentration 
dispersion versus the number of turns of the screw at a step of 0.18 and 0.24m (Figure 6). 
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↑concentration dispersion, →number of screws 

Fig. 6. Graph of the concentration dispersion versus the number of turns of the screw in a plane 
perpendicular to the direction of movement 

The obtained data confirmed the assumption that swirling flow is imparted to the first 
turns of the screw, since it is after 1.5 ÷ 2.0 steps of the swirling device that a sharp (38.4 
and 58% increase at steps of 180 and 240mm respectively) increase the mixing efficiency 
after which the growth rate decreases. 

6 Conclusion 
Thus, the use of swirling devices in direct-flow mixers allows to intensify the process 
without significantly increasing the overall dimensions of the apparatus. Therefore, it is 
necessary to study in detail the effect of the geometric dimensions of such devices on the 
main mixing characteristics, for this it is advisable to use computer simulation of 
hydromechanical processes. 

It is also worth noting that the studies of combination a two-component mixture allow 
us to identify only qualitative dependences of the main characteristics of a direct-flow 
mixer based on the creation and maintenance of swirling motion, on its geometric 
dimensions, and do not reflect the entire complexity of the process (effect on the process of 
physicochemical properties and the amount of incoming components). But, nevertheless, 
the obtained results should facilitate the development of new designs of direct-flow vortex 
mixers of increased efficiency. 
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