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RESEARCH OF THE HOMOGENIZATION
PROCESS IN THE OPERATION OF
A THREE-LEVEL CLOSED TURBINE MIXER

O6’exkmom docuidicenns € mpuapycua mypOinna Milarka 3axpumozo muny, pospobiena ma 6uzomosiend
Y HamyparvHomy posmipi 3a 0onomozoio 3D npunmepa.

O0num 3 naiibinv npobaremnux micyb npouecy gepmenmauii y 6iopeaxmopi ¢ zomozenisayis cepedosuwa. I1io
uac npouyecy nepemiuysanis y OLbuwocmi hepmenmepis Yymeopiowmves 3ACmiiii 301, Y UUX 30HAX cepedosule
€ HeoOHOPIOHUM, 2ipuLe NPOZPIBACTNCS, OMPUMYE HEOOCAMHIO KIIbKICMb nosimps (kw0 cepedosuiye aepobue)
Ma CPUMUNSLE BIOMUPANILI MIKPOOP2ANisMi6, W0 Kyavmueytomvcs. Taxum uunom, kinuesuii npodyxkm ne na 100 %
00HaK060i cMpyKmypu, a 6i0noeiono, i skocmi, wo 01t gapmayeemuunoi npPoOYKyii € KPUMUUHUM.

B x00i docniodcernns suxopucmosysanucsa 2 pizni memoou, ujo Oyau noxauxani niomeepoumu abo cnpocmyeamu
00uH 00HO020, a came: Memood KOMN IOMePHOzZ0 MOOeN08anHs ma mMemoo excnepumenmy. Excnepumenm noisizas
Y 6U20MOGAeHHT PO3POOACHOT MO0 MIUALKU Ma NPosedenii npouecy nepeMiluyeanis 3 ii GUKOPUCTNAHMIM.
Tepemiwysannss nposoOULOCy HA PIZHUX WEUOKOCMSAX, 3 PISHUMU MUNAMU MIWALOK MA 3 BUKOPUCTAHHIM
KOHMpacmmnozo mpaccepa 0is 6isyanisauii 6udy nomoxis, wo ymeopuiucy. Ipagiune modentosamnis nonsizano
Y Cmeopenii anaioziunoi 00 eKCnepumMenmanivioi Mooeri Miaiku ma npogedenii epagiuinozo mMooenriosanis
y 6noui CEX npozpamu ANSYS. Ieti memoo dae smozy nio pisnumu Kymamu nodauumu cmeopeni nomoxu, 3Haimu

Yaremchuk M.,
Kostyk S.,
Shyhetskyy V.

naubinvu ounamiuni 301uu ma scepedunu docaioumu Qisuxy npouyecy.

Ompumano pesyivmam, KUl NOKA3YE, W0 MPUSIPYCHA 3aKpuma mypoinHa MillaiKa noKasye Kpauyi pesyiv-
mamu no weuoKocmi 20mozenisauii, nise munoea saxpuma mypbina. Lle noe’s3ano 3 mum, wo 3anponoHosae
piwenis mae psaod ocobauUBOCmell, 30KpemMa NOPONICHUCTNY CMPYKMYpPY 6a.ld.

3anpononosani pospaxynxosi moderi 6 ANSYS dozeoruru ompumamu nois weuokocmeil ma 6Cman0GUMu

BeUMUNY | HANPAMOK BEKMOPIE WEUOKOCTI.

Iooi6na memoduxa ouinku epexmuenocmi 2omozenizauii modice Oymu UKOPUCMANA NPU NPOCKMYEANIHT HOBUX

KOHCMPYKYILL MEXAHTYHUX NePeMIUYIOYUX NPUCTPOIS.

Kmovosi cnosa: xy1omusyeaiis Mikpoopzanismis 6 6iopeaxmopi, 20 Mozenisyioui npucmpoi, sakpuma mypoinna

Miwanxa, zZiopoounamixa nomoxis.
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1. Introduction

The main physical processes that occur during the cul-
tivation of microorganisms in a bioreactor include hydro-
dynamics, heat transfer and mass transfer [1]. To establish
the optimal cultivation parameters, it is necessary to take
into account the features of these processes with certain
limitations. The main limiting parameters of cultivation
include: pH level, temperature gradient, concentration of
nutrients and metabolites, shear stress in the fluid and
aseptic conditions. To ensure optimal cultivation condi-
tions, modern bioreactors are equipped with homogeniz-
ing devices for introducing energy into the liquid, which
are conditionally divided into hydraulic, pneumatic and
mechanical. The correct selection of a mechanical mixing
device is the key to efficiently making a bioreactor. The
rate of homogenization of a liquid culture medium depends
directly on both the physical properties of the liquid itself
and the distribution of velocity vectors over the working
volume created by the mixer [2—4]. Now there are a large
number of different designs of mechanical mixing devices,

Copyright © 2019, Yaremchuk M., Kostyk S., Shybetskyy V.
This is an open access article under the CC BY license
(http.//creativecommons.org/licenses/by,/4.0)

but each of them has both advantages and disadvantages.
Therefore, the creation of new designs that will allow you
to efficiently and quickly carry out the homogenization
process is an urgent task. This study is devoted to the
study of hydrodynamics during operation of a specially
designed closed turbine mixer. Thus, the object of research
is the hydrodynamics of flows during the operation of
a three-level turbine mixer. And the aim of research is
simulation of the mixing process in ANSYS and its com-
parison with a real experiment. Studying the features of
hydrodynamics during the operation of the mixer of the
proposed design will allow to establish optimal parameters
and evaluate the possibility of using such mixing devices
in mass transfer apparatus [5].

2. Methods of research

2.1. Simulation of the hydrodynamics of a three-level
closed turhine mixer of the proposed design in the ANSYS
environment. Based on experience with mechanical mixing
devices [6, 7] and based on engineering considerations,
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the design of a three-level closed turbine mixer, which
is built in SolidWorks environment, is proposed (Fig. 1).

Fig. 1. The design of a three-level closed turbine mixer:
a — general view; b — front view

Using the hydrodynamic modeling technique, based on
the use of the finite element method using the k—¢ turbu-
lence model, modeling is performed in the ANSYS package
in the CFX module [4]. Mixer rotation frequency is 3 rev/s.

2.2. The experimental procedure for estahlishing the
efficiency of homogenization with stirring with a three-level
closed turhine mixer. To test the efficiency of homogeniza-
tion and visualization of flows arising during the opera-
tion of the proposed design of a three-level turbine, it is
printed on a 3D printer. All overall dimensions correspond
to those that are used in the simulation. To establish
the homogenization rate, the method of equalizing the
concentrations over the entire volume is used [8]. To do
this, 1 ml of acetic acid is added to the model fluid to
be mixed, and the pH level is constantly monitored. As
is known [9], pH=7 is close to neutral in water; upon
addition of acid, the pH level of the solution shifts to
lower values (acidic medium). It is clear that after adding
a few drops of acid to the volume of water, the pH equali-
zation does not occur immediately, since it is necessary
for diffuse processes to occur. The time taken to establish
a new pH will depend on the design and mode of operation
of the mixing device. By comparing the homogenization
time of various types of mixers, it can be argued about
their efficiency.

To visualize the flows, a method with the addition
of a color tracer is used, gradually stains the liquid in
accordance with the flow lines.

3. Research results and their discussion

3.1. Hydrodynamic simulation during the operation of the
mixer. An analysis of the results allows one to observe
the distribution of velocity fields in the axial, tangential,
and radial directions. The maximum velocity of fluid flows
is observed directly near the blades of a closed turbine
and is 0.477 m/s (Fig. 2). The velocity modulus in the
direction of the vector is the largest in the radial direc-
tion, and significantly less in the axial and tangential
directions (Fig. 3). However, it should be noted that as
a result of high radial velocities, a pressure drop is formed
inside the turbine, which leads to the appearance of an
ejection effect. As a result, the mixer absorbs fluid flows
in the axial direction, and redistribution of the velocity
vectors over the entire working volume occurs (Fig. 4).
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Fig. 2. Velocity fields of a three-level closed turbine mixer
obtained in ANSYS
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Fig. 3. The module of the velocity vector of a three-level closed turbine
mixer, obtained in the environment ANSYS
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Fig. 4. Velocity vectors of a three-level closed turbine mixer
obtained in ANSYS

It is found that the described phenomenon is signifi-
cantly enhanced by the installation of several levels, which
positively characterizes this design. The main property can
be considered as the creation of lifting force, which can be
useful when mixing dispersed systems, such as suspensions.

A feature is discovered specifically for the design of
the three-level mixer that allows to state that the active
working zone has a conditionally conical shape and occupies
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a significantly larger volume compared to typical single-
level structures (Fig. 4).

Separately, it should be noted that the resulting picture
of shear stresses in the liquid, which must be taken into
account during cultivation. Since the high turbulent flow
zones can damage living microorganisms. However, the
magnitude of these stresses is the largest in the boundary
layer of the mixer near the turbine blades and lies within
acceptable limits.

3.2. Experimental studies during the operation of the
mixer. As a result of studies to establish the effectiveness of
mixing according to the method described in paragraph 2.2,
it is found that the proposed design shows the best re-
sults from the usual typical design of a closed turbine.
The experimental setup is shown in (Fig. 5). The rate
of concentration equalization by volume for a three-level
closed turbine mixer is 8 seconds, while a typical design
shows a time of 11 seconds.

Fig. 5. Visualization of fluid flows using a color tracer:
a — the beginning of mixing; b — active mixing phase

To establish the reliability and adequacy of the proposed
calculation models in the ANSYS environment, the flow
is visualized, which is formed during the operation of the
mixer. As a result, it is found that the radial component of
the velocity and the ejection effect are clearly expressed,
which is fully comparable with the results obtained in
the simulation [10].

4. Conclusions

It has been found that a three-level closed turbine
mixer shows better homogenization results than a typical
closed turbine.

The proposed computational models in ANSYS make
it possible to obtain velocity fields and establish the mag-
nitude and direction of velocity vectors.

A similar technique for evaluating the effectiveness of
homogenization can be used in the design of new designs
of mechanical mixing devices.

References

1. Kafarov, V. V., Vinarov, A. Iu., Gordeev, L. S. (1979). Mode-
lirovanie bioximicheskix reaktorov. Moscow: Lesnaia promyshlen-
nost, 344.

2. Barabash, V. M., Begichev, V. 1., Belevickaia, M. A., Smir-
nov, N. N. (2007). Problemy i tendencii razvitiia teorii i praktiki
peremeshivaniia zhidkikh sred. Teoreticheskie osnovy khimicheskoi
tekhnologii, 41 (2), 140—-147.

3. Kostyk, S. I, Ruzhynska, L. L., Shybetskyi, V. Yu., Revtoy, O. O.
(2016). Mathematical simulation of hydrodynamics of the mixing
device with magnetic drive. ScienceRise, 4 (2 (21)), 27-31.
doi: http://doi.org/10.15587/2313-8416.2016.67275

4. Ruzhynska, L. 1., Povodzynskyi, V. N., Cherednyk, Ye. M., Moro-
zova, Ye. V. (2013). Mathematical modeling of mixing atcultivation
of biological agents sensitive to transverse strain. Eastern-European
Journal of Enterprise Technologies, 1 (4 (61)), 27-30. Available
at: http://journals.uran.ua/eejet/article/view,/9148

5. Viestur, U. E. (1972). Aeraciia i peremeshivanie v processakh
kultivirovaniia mikroorganizmoo. Moscow, 54—67.

6. Shybetskiy, V., Semeniuk, S., Kostyk, S. (2017). Design of
consrtuction and hydrodynamic modeling in a roller bioreactor
with surface cultivation of cell cultures. ScienceRise, 7 (36),
53-59. doi: http://doi.org/10.15587,/2313-8416.2017.107176

7. Zakomornyi, D. M., Kutovyi, M. H., Kostyk, S. 1., Povodzyn-
skyi, V. M., Shybetskyi, V. Yu. (2016). Hydrodynamics of fer-
menter with multi-shaft stirrer. ScienceRise, 5 (2 (22)), 65-70.
doi: http://doi.org/10.15587,/2313-8416.2016.69451

8. Viestur, U. E., Kuznecov, A. M., Savenkov, V. V. (1988). Sistemy
Jermentacii Viestur. Riga: Zinatne, 368.

9. Lure, Iu. Tu. (1975). Spravochnik po analiticheskoi khimii. Mos-
cow: Khimiia, 488.

10. Rukovodiaschii dokument RD 26.260.008-92. Fermentatory dlia
proizoodsto mikrobiologicheskogo sinteza. Metodiki rascheta os-
noonykh konstruktionykh elementov i rezhimoo raboty (1993).
Izdanie oficialnoe.

Yaremchuck Mykhailo, Department of Biotechnics and Engi-
neering, National Technical University of Ukraine <Igor Sikorsky
Kyiv Polytechnic Institute», Ukraine, e-mail: kulinan21@gmail.com,
ORCID: hitp://orcid.org/0000-0003-4684-990X

Kostyk Sergii, PhD, Associate Professor, Department of Biotechnics
and Engineering, National Technical University of Ukraine <Igor Sikor-
sky Kyiv Polytechnic Institute>, Ukraine, e-mail: kostyksergey @ukr.net,
ORCID: http.//orcid.org/0000-0002-2817-7233

Shybetskyy Vladyslav, PhD, Associate Professor, Department
of Biotechnics and Engineering, National Technical University
of Ukraine <Igor Sikorsky Kyiv Polytechnic Institutes, Ukraine,
e-mail: v.shybetsky@gmail.com, ORCID: http.//orcid.org/0000-
0001-5482-0838

;28

TECHNOLOGY AUDIT AND PRODUCTION RESERVES — Ne 6/1(50), 2019





