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Annomayusn. Ipoyecc nepementueanuss npumMensaemcs 60 MHOZUX Cepax nPOMbIMLIEHHOCIMY, MAKUX KAK NUWLe6as, XUMU-
yeckas u HemenepepabamvieaiOwa, U e20 UsyueHue AGIALTNCA OOHON U3 GANCHETMUX 3a0at, NPU MOOSTUPOBAHUN HOGBIX HepeMe-
UUBQIOWUX YCMPOTICING, @ NAKHCE NPU YCOBEPULEHCTNEO8AHUI YIHCE CYIeCEYIOUUX TNEXHONOUT U INEXHUKI.

Mamepuans: u memoodst. Paccmompeno pasznoscenie yckopenus no conymcemeyiouwemy 6azucy, maxoice Ha2naono npeo-
CTNasIeH NPOYece NePemMemueaniia, NP KOMOpoM HPOUCXOOUM RONHOE 83aUMHOe pachpedenenue Komnonenmos. Ilpedcmasnen 06-
30p MAMEMAIMU4ECKUx npopamMm no MoOeauposanuio npoyecca nepemeutueanus. Iloopobno onucana npoepamma VisiMix, e komo-
POl nPOU3620eHO MOOCTUPOSAHUE NPOYECCA NEPEMEUUBARUA HCUOKOT Pazbl, WUPOKO PACHPOCMPAHEHHOT 6 MEXHOIO2UN HPOU3EOO-
CMea nUevix NPOOYKIMOS.

Pesynomamet u obcyncoenusn. Ilposedena euszyanuzayus suopoounamuueckozo mooenuposanus. Ilo 3adannvim snauenuam
napamempos EMKocmu, paboue2o op2ana u HCUOKON Pazvl MAMEMAMUYECKU PACCUUMAH nokazamens uucia Peiinonvdca. Cmoodenu-
POsan 2padur 3a8UCUMOCIY MAHLEHYUATBHOT CKOPOCIU OM PAOUYCa MEMANK U NpedCcmaesienvl 3HAUeHUA NapamMempos Mman2eH-
yuanenoii ckopocmu. Ilpedcmaenen epagux 2asucumocmu pacceueaemoii snepeuu W/kg om paouyca mewanxu.

3axnouenue. B cesazu ¢ pocmom mexHono2uuecko2o npozpecca, naKemul NPOSPamMm, cnocobuvle MOOeIUpoeams pasnoos-
PasHvle npoyeccol USPAiom KIiouegyio poitb 8 CO30aHUU UHHOBAYUOHHBIX MEXHUUECKUX PEUEHUT 8 DASTUUHBIX Cepax npoMbluLIeH-
nocmu. B pesynemame ananuza eozmoosicnocmeti npozpammol VisiMix npedcmasnsaemes nepcnexmueHvim oanbHetiuee eé ucnonpzo-
6aHUE NPU YCOBEPUIEHCINBOSAHUU 0BOPYIOSAHUA U CO3OAHUU HOBBLX THEXHOTOSUUECKUX CXEM.

KodeBbie cioBa: epeMeInuBaime, MOJICTHPOBaHIE, THITICBLIC cMecH, VisiMix.

Abstract. The mixing process is used in many areas of industry, such as food, chemical and oil refining, and its study is one
of the most important tasks when modeling new mixing devices, as well as improving existing technologies.

Materials and methods. The decomposition of the acceleration of the ends of the mixer is considered, the mixing process is
also clearly presented, under the action of which the complete mutual distribution of the components occurs. A review of mathemati-
cal programs for modeling the mixing process is presented. The VisiMix program was studied in detail, in which the simulation of the
mixing process of the liquid phase, widely used in food production technology, was performed.

Results and discussions. The hydrodynamic modeling was visualized. Based on the given values of the parameters of the
capacity, working body and liquid phase, the Reynolds number indicator is mathematically calculated. A graph of the dependence of
the tangential velocity on the radius of the mixer is simulated and the values of the tangential velocity parameters are presented. A
plot of the dissipated energy W/ kg versus the radius of the mixer is presented.

Conclusion. In connection with the growth of technological progress, programs capable of simulating a variety of process-
es play a key role in creating innovative technical solutions in various industries. As a result of the analysis of the capabilities of the
VisiMix program, it seems promising to further use it in the production of new technological schemes for production.

Key words: mixing, modeling, food mixes, VisiMix.

Introduction. Recently, in the food industry, the most common mixing method is mechanical, used for dry fi-
ne mixtures and viscous liquids. The presented type of mixing is used in the manufacture of high quality gels and food
products. The demand for installations using this type of mixing in the production of consumer products is also grow-
ing. With the growing demand for these installations, the requirements for the equipment in question also grow, due to
their widespread use.

It should be noted that hydrodynamic technologies in mixing machines occupy a special place, since they com-
bine simplicity, reliability and high efficiency. An important role is also played by the design of the impellers used for
intensive and high-speed mixing, which is also a necessary condition for the creation of high-tech equipment. To solve
these problems, when designing new or modernizing existing equipment, high-precision methods of calculating and
modeling physical processes are used using CFD libraries and CAE programs [1].

With all its wide industrial distribution, mixing technology has not been fully studied, due to the complex
physical processes that occur during mixing. Thus, the creation of new, as well as the improvement of existing devices
is relevant. For this reason, much attention is paid to the search for existing and the creation of completely new methods
for analyzing complex physical processes that occur during mixing, which determine the technological process of the
mixing device.

Materials and methods. Mixing is used to create emulsions, bulk products and in the implementation of pro-
cesses such as mass transfer and heat transfer. In this regard, there are several types of mixing process. The equipment
is also divided into types, used depending on the state of aggregation of the mixing components. Depending on the envi-
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ronment in which the process takes place, mixing is isolated in a liquid, in a solid, in a granular, and also in a homoge-
neous medium [2].

It should be noted that in many industries mixing of components is used, which are in different states of aggre-
gation. This mixing process is carried out to obtain homogeneous and heterogeneous emulsions, as well as suspensions
and bulk materials.

It is in the complex movement of particles and their movement relative to each other that the mixing process
lies. The presented motion of the particles is formed by the addition of three directions that arise due to the rotation of
the mixer. Figure 1 shows the rotation curve of the agitator ends, which characterizes centripetal and tangential acceler-
ation [3].

yA

X
Fig. 1. Decomposition of acceleration a(t) to tangential a, and normal «a,,

Tangential acceleration in vector form can be represented as:

_dv 4|7 (1)
T a@ T ar
The centripetal acceleration modulus is:
v’ )

aal = w27 = —

The third direction of rotation of the mixer is axial u,, which has a direction along the axis of the shaft.

However, when mixing the two components, we get a mixture in which these components are evenly distribut-
ed throughout the entire volume of the resulting mixture. At the same time, at the beginning of mixing, the components
are slightly distributed over each other's volume, and pronounced areas of mixing components are observed. In turn, the
result of a long mixing process is a complete mutual distribution of components. Figure 2 illustrates the mixing process
of the two components [4].

As a result of mixing, a variety of mixtures are obtained, which can be divided into two groups, these are ho-
mogeneous and heterogeneous mixtures. A characteristic feature of homogeneous mixtures is the complete decomposi-
tion of components into elementary particles, such as atoms and molecules of miscible substances, which in turn are
completely distributed in each other. Homogeneous mixtures include saline solutions, mixtures of gaseous compounds,
and true solutions [5].

A characteristic main feature for heterogeneous mixtures is the presence of chemical-integral components,
which are evenly distributed in each other in the form of drops or powder. The mixtures under consideration include
powders, emulsions, suspensions, and aerosols.

KOMMOHEHT A KOMMOHEHT B

CMECbHL A+bB
Fig. 2. Mixing process

Thus, it is possible to single out the main goals of mixing, which include the acceleration or deceleration of
chemical reactions, ensuring the full distribution of both solid particles in a liquid and a liquid in a liquid, and one of the

goals is to intensify the heating and cooling processes.
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When choosing a mixing device, as well as the mixing method itself, the following categories should be fol-
lowed:

- the degree of mixing or the indicator of homogeneity, characterized by the distribution of the components as a
result of the end of mixing. This indicator is determined empirically to determine the quality of mixing

- the intensity of mixing, an indicator expressed in the frequency of rotation of the working body of the mixing
device. In industrial applications, the intensity of mixing is characterized by the time it takes to obtain a certain techno-
logical result.

- mixing efficiency, characterized by the ability to obtain the required mixing quality for a certain period of
time with the lowest energy costs.

Having considered the above indicators, it should be noted that at the moment there is no specific method or
criterion by determining which you can choose the necessary mixer for the process under consideration. Since each
mixing device has both positive and negative aspects of its use. Thus, for a more rational choice of a mixer, it is re-
quired to be guided by existing experiments and results that were carried out in laboratory conditions [6].

Computer-aided design methods for a variety of processes are being developed and implemented, thus, the tra-
ditional methods of modeling are gradually being replaced by newer ones using CAD / CAM / CAE packages on per-
sonal computers. One of the programs under consideration is ANSYS, which, according to many experts, is the most
powerful tool, the main task of which is the calculation and simulation of programmed processes. This program allows
to accelerate the development technology, as well as the efficiency of the designed machines and devices.

Another program under consideration is VisiMix Turbulent, which is a unique tool for mathematical modeling.
This program allows you to simulate mixing processes in which one of the components is a liquid. The program under
consideration contains the parameters of the mixing process, which are required for the analysis and optimization of
mixing plants with various types of working bodies. This program provides the ability to use Newtonian and non-
Newtonian media, it also has a wide range of used sizes, both tanks and working bodies. One of the main features of
VisiMix is the modeling of emulsions, determination of the achievement of the final stage of emulsification. Also, the
program has the ability to calculate the drop size, mixing time of components and many other indicators of processes
that play an important role in the mixing process. The main area of application of the program is to simulate the mixing
process in cylindrical tanks using mixing devices [7].

Within the framework of this work, we will simulate the mixing process in a tank with a conventional heat
jacket and an elliptical bottom. The total volume of the designed tank should be 5000 liters with a diameter of 1600
mm. Also, the projected tank must have a reflector, the upper part of which does not protrude beyond the upper level of
the mixing mixture. The thermal jacket should be designed in such a way that it covers the entire surface area of the
tank. It is also necessary to place a turbine mixer in the tank, the rotation speed of which will be 125 rpm.

A tank with these characteristics is necessary for mixing both liquid mixtures and mixtures with the addition of
a solid phase. A simulated reservoir will also allow studying the formation of stagnant zones, which will give an idea of
the required degree of mixing. The simulated impeller will allow you to study the change in tangential velocity over the
entire volume of the considered vessel. This will allow evaluating the effectiveness of the decisions made.

Creating a project in VisiMix begins by opening Project, which is on the home page in the menu bar. Figure 3
clearly demonstrates the above menu.

Project  Editinput Calculate  Supplements  Lastmenu  Lastinputtable  Window  Wiew Help

OS@ = 8 @4 dkl o

Fig. 3. Main menu of the program
After selecting Project, a menu appears, which is shown in Figure 4. In this window, select New ...

|Prc.ject Edtinput  Calculate  Supplements  Lastmenu  La

Tes, ..
Open... E- ¥ .i
Close

Clone

Praoject comrments

Save
Save As...

Repart 3
Fig. 4. Project Submenu
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After selecting the New ... menu, a window for saving a new project opens, in which we specify the name of
the Project-1 file and save it. This window is shown in Figure 5.

= Enter a project name u
Dara: | ) Visibix Turbulert SV x| = @® kB
ma ‘ Jata namMeHeHns T
| DEM1.V5M 22.03.2007 13:16 ]

€ >

Mma paiina: IPrDject-1 CoxpanuTe I
Tun qaiina: I\ﬁsiMix Project Files (*vsm) LI Ommera |

Fig. 5. Dialog box for saving a new project

After saving the project, the program provides a window for selecting different types of tankers, shown in Fig-
ure 6. All tankers are divided into four groups, namely, an insulated tank without a jacket, a tank with a conventional
thermal jacket, a tank with a half-tube thermal jacket and tanks with embossed / dimpled thermal shirt. Also in each
group are tanks with different types of bottom, such as flat bottom, elliptical and conical.

In the corresponding window, select a tank with a conventional heat jacket and an elliptical bottom. When you
select this tank, it will be displayed in a small window on the right, in which you should confirm your choice by click-
ing on the Ok button.

When the required tank is selected, a window for entering its dimensions will open. This window is shown in
Figure 7.

In this window, you must enter the inner diameter, enter 1600 mm, the volume of the tank, which is 5000 liters,
while the program will calculate the height of the tank, the value found is 2620 mm. Also in this window, the volume of
liquid is entered, in this case 4000 liters, the height of the column is 2123 mm. After entering the necessary data, the

entered data will be reflected in the right area of this window. To confirm them, click OK, after which the window will
change.

n Tank types -

r Tanks with Conventional J acket

rInsulated Tanks withaut J acket

Current choice

Flat battorn Elliptic:al | Conical | Flat battam

Elliptical Canical

r— Tanks with Half-Pipe Coil Jacket—————————————————— — Tanks with Embossed / Dimpled Jacket————

Elliptical bottom
Conventional Jacket

o | oma] o

Flatbottoml Elliptic:al | Conical | Flat bottorn Elliptical | Conical | -

Fig. 6. Window for selecting the type of tank
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D:APROGRAM FAELS\VisiMix Turbulent SV\NONAMEQO.VSM

TANK WITH ELLIPTICAL BOTTOM

Inside diameter [1600 [[mm <]
Total tank height lmm—;l
Total volume m
Level of media |mm_;[
Volume of media m

2620

N~

= 1600

QK I Can:ell Choosge new tank | Print I Help |

Fig. 7. Window for entering tank dimensions

Next, a window for selecting the type of reflectors appears. This window is shown in Figure 8. There are two
types of flat reflectors, namely flat reflector 1 (placed on the wall) and flat reflector 2 (located at a distance from the
wall). There are also two types of tubular reflectors of different designs. In this window, you can also select a defocused
reflector and a container in which there will be no reflective partition.

Select the flat reflector 2 (located at a distance from the wall) and confirm the selection in the secondary win-
dow on the right. Next, the window for entering the dimensions of the reflective partition will be presented. Let's enter
the number of partitions located along the perimeter of the container equal to 4. We also enter the width and height of
the partitions, which are equal to 160 mm and 1700 mm, respectively. Next, you should enter the distance at which the
partition will be from the bottom of the tank, which is 450 mm. The distance from the wall is 50 mm. The tilt angle of
the partition is 0°. All entered data will be reflected in the right part of the selection window, which is shown in Figure
9.

After entering all the values for the dimensions of the partition, you should confirm your choice by clicking on
the OK button. Then a window for selecting a working body will appear. The non-commercial version of this program
provides only two types of mixing body to choose from, such as turbine and propeller. Choosing a turbine mixer. The
mixer selection window is shown in Figure 10.

o Baffle types

-

FLAT BAFFLES TUBULAR BAFFLES

I

_ Flat baffle - 2
[F;zt‘zr;ﬂ\:; "]1 at a distance Tubular baffle - 1
from the wall

Current choice

Tubular baffle - 2

Flat baffle - 1
“ ”0 [on the wall)
| Ok | Cancell Help |
4
De Dietrich
Reavertail haffle No Baffle v
- 3

Fig. 8. Selection of the type of baffle plate
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FLAT BAFFLE-2

160 |mm

1700 |[mm
Dist. from bottom 450 Imm
50 Imm

Cancel | Choose new baffle | Pririt |

N
pitched paddle radial turbine 1 radial turhine 2

disk. turbing

single

U &

& single  multistage

Ok Ean:ell Help

Fig. 10. Impeller selection window

After confirming the selection by pressing the OK button, the following window for entering the mixer dimen-
sions will appear. This window is shown in Figure 11.

DISK TURBINE

Tip diameter m
Diameter of disk m
Number of blades lIl

Pitch angle deg =
Width of blade |rnrn v[
Length of blade Em
Dist. from bottom m
Rotational speed Em
Motor power m
Pumping direction m

[0]4 I Cancell Choose new impeller |
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Fig. 11. Window for entering mixer parameters

In this window, enter the following values:

- blade diameter T _d =500 mm;

- disc diameter D_d = 375 mm;

- the number of blades N_b = 6;

- the angle of inclination of the blades P_a =90;

- blade width W_b = 100;

- blade length L b = 125;

- distance from the bottom D_b =400 mm;

- rotation speed R_s = 125 rpm;

- motor power M_p = 7500 Watts.

After entering the data, click on the OK button, as a result of which the following window appears. Figure 12
shows the window for entering the characteristics of the casing.

TANK HEAT TRANSFER GENERAL DATA Help |

Jacket covers batton IYES - l

Mumber of jacket

sections I‘I j'
— Lower section

Distance from bottom I I T vl
Height. Hlow I 1600 Imm 'l

Heat transfer area for

lower section I a5 I qm v l

If unknown, enter 0%

— Upper zection
Distance between bwo I—
sections i >
Height. Hup I mm -
Heat transfer area for
upper section I Isq.m j'
I unknown, enter 0%
Lonnechon of [ackets I vl

*|n thiz caze heat ransfer area will be evaluated by
Visiti I ok | cancel | Pint |

Fig. 12. Window for input of casing values
In this window, select the YES value, which means that the casing will cover the bottom of the container. Next,
let's choose 1, the value of the number of sections. The section height is 1600 mm. The heat transfer area of the lower
section is 8.5 m2.
Further, after confirming the entered values, you must enter the average properties of the environment. The
main indicators are the average density, the value of which is equal to 1050 kg / m3. This data entry window is shown
in Figure 13.

DENSITY AND TYPE OF MEDIA

Awverage density [ 1080 [kareubm ~|

TYPE OF MEDIA

* Mewtonian " Powerlaw non-Mewtonian " Carreau non-Newtonian

n n-1
— + *
_I‘]‘mi.n Y

I'l'max

p=T,=y T+EK=y"?

aK I Cancel | Help |

Fig. 13. Window for entering the density of the medium
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The next input box is responsible for dynamic and kinematic viscosity. This window is shown in Figure 14.
Here you need to enter the value of the dynamic viscosity, which is equal to 2 cP, and the kinematic viscosity will be
calculated by the program automatically.

DAPROGRAM FAELS\VisiMix Turbulent SVWNOMNAMEOO.VSM “

AVERAGE WISCOSITY OF MEDIA

Dynamic T=|L=*

Vizcosiy | 2 |CP j H*Y,
Kinematic:

vigcosit 11.305e-06 |$q.m;’$ ﬂ where T -shear stress, Pa;

I - dynamic viscosity, Pa*sec;
¥ -shear rate, 1/sec;

‘ k. | Cancel Frint Help

Fig. 14. Window for entering the medium viscosity

After entering all the above data, a schematic drawing of a tank with an agitator will appear. This means that
the entered data is sufficient for mathematical modeling of the main hydrodynamic processes. This drawing is shown in
Figure 15.

&) [NONAMEOO] - Drawing of apparatus EI@

Fig. 15. Schematic drawing of the tank

Results and discussion. One of the main modeling processes is hydrodynamic modeling. The visualization of
the process is based on the results of an approximate flow simulation with stabilized hydrodynamics. The mixing pro-
cess simulates the movement of tracer particles that are introduced into the tank. Figure 16 shows a general diagram of

the fluid flow at different times.
This process can be done by clicking on the following menu sequence: Calculate - Hydrodynamics - General

Flow Pattern (Approximate).
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a)
Fig. 16. General flow diagram a) start of the process 0 s; b) after 3 s; c¢) after 8 s

Analyzing the data presented, it is possible to identify several areas in the reservoir in which stagnant zones are
formed. Thus, at the design stage or selection of the required working body, amendments can be made that will not al-
low the appearance of technical and technological errors in the future [8].

Also, one of the most important criteria for mixing the liquid phase is the Reynolds number. This value is
based on average flow rate and tank radius. Called as follows: Calculate - Hydrodynamics - Reynolds number for flow.
Figure 17 shows the result of calculating the Reynolds number.

REYNOLDS WNUMBER FOR. FL OWW

Parameter name TInits Walue

Revnolds number for flow 1. 79e+05

Fig. 17. Reynolds number

Using the software capabilities, a plot of tangential velocity versus stirrer radius has been modeled. Thus, in a
well-developed turbulent flow, the profile of the tangential velocity is close to the average, practically over the entire
volume of the tank, except for the area of action of the working body, which is 250 mm.

Figure 18 shows a graph of the radial distribution of the tangential velocity.

RADIALDISTRIBUTION OF TANGENTIALVELOCITY

Tangential velocity, m/s

Radias_, mm
Fig. 18. Radial distribution of tangential velocity

Also, according to the results of the analysis of the graph, a table should be presented, which includes the fol-
lowing parameters:

- the average value of the tangential velocity;

- the maximum value of the tangential velocity;

- tangential velocity at the wall. This is the tangential velocity near the wall, outside the boundary layer;

-is the speed of the end of the impeller. This parameter represents the speed of the outer edge of the tool blade.
It is used to compare blade speed and fluid flow rate.
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Figure 19 shows the tangential flow characteristics.

CHARACTERISTICS OF TANGENTIAL FLOW

Parameter name Units Value
Average value of tangential velocity | m/s 0.347
Maximum value of tangential velocity | m/s 0479
Tangential velocity near the wall m's 0317
Impeller tip velocity m's 327

Fig. 19. Tangential flow characteristics

Figure 20 shows a graph of the dissipated energy W / kg versus the stirrer radius. The disc diameter together
with the blade length is 500 mm. Thus, the greatest dissipated energy is observed in the center of rotation of the mixer
within a radius of 250 mm and is 25 W / kg.

As a result of the analysis of the graph, it can be concluded that the vortex, formed due to the movement of the
blades of the working element, has maximum values in the center of rotation. It is also worth noting that a significant
part of the energy is dissipated within a radius of 150 mm and amounts to 3.8 W / kg. Thus, the average value of the
dissipated energy over the entire volume of the container is 0.377 W / kg, and the dissipated energy near the reflectors is
0.146 W / kg. Based on these data, it can be concluded that the power of the electric motor is sufficient.

DISSIPATION OF ENERGY AROUND THE IMPELLER

Energy dissipation., W. kg

Radius. m Start|
Fig. 20. Dissipated energy around the working body

Conclusion. Based on the results of the work, the rotation curve of the accompanying basis was established,
which characterizes the centripetal and tangential acceleration. The visualization of the mixing process of two compo-
nents is presented. Considered packages CAD / CAM / CAE in such modeling programs as Ansys and VisiMix.

As a result of computational and mathematical modeling of the experiment, using the CAD / CAM / CAE
packages of the VisiMix Turbulent program, such indicators as the required motor power, Reynolds number were de-
termined. The values of the tangential velocity are found at different points of the tank, the graph of the dependence of
the tangential velocity on the radius of the mixer is modeled. Also presented is a graph of the dependence of energy loss
when moving away from the mixing device.

Thus, the work done allows us to minimize technical and technological errors in the improvement of equip-
ment and the creation of new technological schemes.
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