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Formulation of the problem.The technological purpose of mixing
liquids is diverse. This process is widely used in the food industry to
intensify chemical, thermal and mass transfer processes, as well as for the
preparation of emulsions, suspensions and solutions. In particular, in the
manufacture of soft drinks the main technological process is the mixing of
liquids - water with blended syrup and water with a concentrate based on
sweeteners.

Development and introduction into production of mixers which will
provide high-quality mixing of liquids at the minimum expenses of energy
and time is relevant. Mixers must be economical, reliable, and easy to
manufacture and maintain, have simple schemes of inclusion in various
installations.

Analysis of recent research and publications. These days, the most
studied is the process of jet mixing in the tank. Experimental studies have
been performed for different designs of jet mixers and a large number of
dependences have been identified [1 — 10], but these dependences are not
universal and cannot be used for any jet mixer.

Jet collision is one of the effective methods of intensification of
various processes. The axes of the jets can be located on the same line or at
an angle to each other. The change in the angle between the oncoming jets
affects the intensity of the heat and mass transfer processes and it is
greatest at the meeting angle of the jets 180°. Currently, there is no single
approach to assessing the effect of colliding jets. This can be explained by
the variety of initial conditions for the flow of jets, collisions and the
formation of the resulting jet.

This work is part of a series of articles devoted jet mixing liquid
components. In previous articles, the method of mixing [11], the design of
the mixing apparatus [12] (Fig. 1), the method of assessing the quality of
mixing [13] were substantiated.

Based on the analysis of literature sources, the following factors
were identified that affect the process of mixing liquid components in the
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countercurrent-jet mixer:

— technological: water supply, Q; water supply pressure, pw; feed
pressure of the mixed component, H;

— constructive: distance between nozzles of injectors, a; nozzle
diameter, dn; the diameter of the working nozzle of the mixing unit, d; the
value of the annular gap of the mixing unit, h;

— physicochemical properties of mixed components: density of
blended syrup ps, concentrate pk, water pw; temperature of syrup t’,
concentrate t’k, watert’w; kinematic and dynamic viscosity of syrup,
concentrate and water, respectively us, vs, px, vk, ftw, vw.

1 — working pipe; 2 — receiving chamber; 3 — injector; 4 — nozzle of
the mixing chamber; 5 — input chamber of the mixed component;
6 — working pipe; 7 — liquid collection chamber; a — the distance between
the nozzles; H — is the pressure of the concentrate; h — is the annular gap of
the ejection chamber.

Fig. 1. Scheme of countercurrent-jet mixer.

The optimization criteria are the homogeneity of the mixture; the
concentration of the mixed component in the resulting mixed product;
power consumed P; specific energy consumption, E'sp.

The multiplicity of mixing water with blended syrup or concentrate
(injection ratio) should be 1:4 — 1:5. The blended syrup-based product must
contain 9 + 2% of sugar. The product based on the concentrate should have
an acidity of 3.5 £ 0.5 cm® [14, 15].

Formulation of the purpose of the article. The purpose of this work
Is to develop a methodology for research of jet mixing of liquids in the
developed countercurrent-jet mixer

Presentation of the main research material. The main task of
theoretical research is substantiation of parameters and modes of operation
of countercurrent-jet mixer to obtain the necessary technological
requirements of the concentration of the mixed component in the mixed
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product and the quality of mixing at minimum energy consumption.

The study of jet mixing of liquids is a complex process. Establishing
the required physical values of the mixing process in the laboratory is very
problematic. Obtaining some process data is not possible at all, so resort to
computer simulation of the process.

These days there are a large number of programs and complexes that
address various problems.The fluid dynamics calculation function is
present only in such systems as COSMOSFloWorks, Ansys, SolidWorks,
Gas Dynamics and FlowVision.Among them, the software complex of
finite element analysis ANSY'S stands out due to the ability to operate with
a large number of parameters, as well as high accuracy of the
results.According to the set parameters it is necessary to build a 3D-model
of the mixing chamber of the countercurrent-jet mixer in the computer
program SolidWorks and to integrate it into the ANSYS software package.
The choice of the initial data of the process (temperature, density of liquids,
mixing proportions, pressure at the inlet to the device) is due to the
technological instructions for the production of soft drinks. As boundary
conditions to set the walls, inlets and outlets, the parameters of the fluid
medium on them, the parameters of the surfaces of solids in contact with
the fluid medium. In fact, the boundary conditions determine the
relationship of physical processes in the calculation area, which in our case
coincides with the design grid, with physical processes outside it, and some
wall surfaces can be considered as holes through which the design area
connects with external cavities, filled with a fluid medium. All the
conditions set at these limits are exactly fulfilled when solving the problem.
To discretize the differential equations use the finite element method. The
results of the calculation are displayed on the monitor screen in the form of
a multi-colored image, which is analyzed by comparison with the
appropriate scale.

As a result of modeling the mixing process in the ANSYS software
package to create fields of kinetic energy of turbulence, its dissipation,
velocities and pressure in the mixing chamber. Analytically determine one
of the main parameters — the distance between the nozzles of the mixer's
injectors.

The main task of experimental research is to substantiate the
parameters and modes of operation of the countercurrent-jet mixer to
obtain the required content of the mixed component in the finished solution
and ensure the required level of mixing of components (mixing quality)
with minimal energy consumption. To this end, it is necessary to check,
refine and, if necessary, adjust the data obtained analytically.

Experimental studies should be performed according to the method
described below.

The base, which is tap water, is fed into the ejector under pressure.
When passing through the ejector, the kinetic energy of the water flow
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increases, and the potential decreases to create a vacuum that reaches its
maximum value at the point of greatest narrowing of the flow, namely, at
the outlet of the ejector. Blended syrup "Lemonade™ based on sugar
(concentrate based on aspartame and saccharin) under atmospheric pressure
(0.1 MPa) is fed into the input chamber of the mixed component.

When a jet of water passes through the input chamber of the mixed
component, blended syrup (concentrate) is ejected into the water flow.
When the jet passes through the nozzle, the main component is pre-mixed
with the admixture, and when the jets collide, the liquid components are
finally mixed.

The size of the receiving chambers is changed by the axial
movement of the working nozzles and during the research the dimensions
of both chambers are fixed the same. The distance between the nozzles of
the injectors is changed by the axial movement of the injectors in the guide
bushings.

To conduct experimental research should be used: tap water DSTU
7525:2014 "Drinking water. Requirements and methods of quality control"
at a temperature of 20°C (290°K) and a density of 982.3 kg-m=, blended
syrup "Lemonade" based on sugar at a temperature of 20°C (290° K) and a
density of 1229.5 kg/m?® and concentrate based on sweeteners (aspartame
and saccharin) "Lemonade" at a temperature of 20°C (290°K) and a density
of 1050 kg/m?,

Determination of the concentration of blended syrup in a mixed
solution is carried out using a hydrometer-sugar meter AC-3, Ukraine
(GOST 18481-81, 0-25%; 0.5%).The content of concentrate in the mixed
solution is determined by the acidity of the mixed product. The acidity of
the resulting solution is determined by titration with 0.1-n sodium
hydroxide solution.

For experimental studies, a scheme (Fig. 2 ) was developed and a
installation was built, the general view of which is presented in Figure 3.
[16].

The water supply pressure is created by means of a vortex pump 1
(manufacturer KENLE, China, Hmax = 50 M, Qmax = 50 I'min).The
pressure is changed by means of a rotating valve 2. Control of water supply
pressure in the mixer 8 is carried out by means of the manometer 3 (MP3 —
U, Russia. According to TOCT 2405-88, the measurement range is 0-10
kgf/cm? (0-1.0 MPa), 0.2 atm).

Through the supply channel of the main component 4, water enters
the countercurrent-jet mixer 8. The mixed component enters the mixer from
the tank 5 through the supply channel 11. After mixing in the
countercurrent-jet mixer, the mixed product is discharged through the
channel 13.
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1 — pump; 2 — rotating valve; 3 — manometer; 4 — countercurrent-jet
mixer; 5-—container with a mixed component (concentrate);
6 — conductometer; 7 — receiving container for the mixed product.

Fig. 2. Scheme of the experimental installation.

1 — vortex pump; 2 — wraparound tap; 3 — manometer; 4 — feed
channel for the main component (water); 5 — the number of food
components (syrup); 6 — line; 7 — supply valve for the main component;
8 — countercurrent-jet mixer; 9 — valve for feeding a component; 10 — tap
for water supply; 11-channel for feeding a component;
12 — conductometer; 13 — channel for removal of the finished product.

Fig. 3. Experimental installation.

Determination of the dependence of the concentration of the mixed
component in the mixed product:

— set the distance between the nozzles by moving them in the guide
bushings. Control the distance with finite length measures

— connect the supply channel of the main component 4 to the water
supply.

— set the container to collect the mixed product.



[Mpami TAATY 8 Bun. 21, 1. 1

— fill container 5 with the mixed component.

— provide the required pressure of the mixed component by setting
the tank 5 in the appropriate position (the distance between the surface of
the blend syrup and the axis of the nozzles to control with a ruler 6).

— open the supply valve of the main component 7 and open the water
supply valve 10 for 5 — 6 s (to fill the supply channel and pump cavities
with water).

— connect pump 1 to the mains.

— open the water supply. After 1 — 2 s, switch on the pump. Using the
rotary tap 2 to adjust the required water supply pressure according to the
manometer 3.

— open the feed valve of the mixed component 9.

— after 4 — 5 s after opening the tap of the mixed component, take a
sample (200 ml) in a separate container and sign it.

— repeat the experiment 3 times.

— determine the sugar content in the sample using a sugar
hydrometer.

Conclusions. The proposed method of research of the jet mixing of
liquids in the developed countercurrent-jet mixer will allow substantiating
the parameters and modes of operation of the mixer to obtain the required
technological requirements of the concentration of the mixed component in
the mixed product and mixing quality at minimum energy consumption, as
well as receive necessary data for construction of analytical model of
countercurrent-jet mixers, homogenizers and other hydraulic devices.
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METHODOLOGY OF CONDUCTING STUDIES OF JET MIXING
OF LIQUIDS
K. Samoichuk, O. Viunyk

Summary

The process of mixing liquidsis widely used in the food industry. In particular, in
the manufacture of soft drinks the main technological process is the mixing of liquids.
Development and introduction into production of mixers which will provide high-
quality mixing of liquids at the minimum expenses of energy and time is relevant.

As a result of the analysis of various methods of mixing of liquids
countercurrent-jet mixing has been singled out as the most promising.The article
presents a scheme of the developed countercurrent-jet mixer, a scheme of experimental
installation and general view of installation. The factors that influence the process of
mixing liquid components of the mixer and the method of analytical and experimental
researches of the process of jet mixing of liquids in the developed countercurrent-jet
mixer is described.

Key words: research, methods, liquid, mixing.
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METO/UKA NPOBEJAEHHSA JOCIIIKXEHD
CTPYMHUHHOI'O 3MIIITYBAHHSA PI/IMH
Camoituyk K. O., B’ronuk O. B.

Anomauisn
[Ipouec 3millyBaHHS pIOUH  IIUPOKO  3aCTOCOBYETHCS Y  XapyoBii
MIPOMHMCIIOBOCTI JuIsl iHTeHcH(DiKalii XiIMIYHUX, TEIUIOBUX 1 MaCOOOMIHHMX IPOIIECIB, a
TAaKOXX JJIsi TIPUTOTYBAaHHS €MYyJIbCil, CycleH3ii Ta po3uuHiB. 30Kpema, IpH
BUTOTOBJICHHI 0€3aJKOTOJIBHMX HAmOiB OCHOBHHM TEXHOJOTIYHHM TIPOIECOM €
nepeMilllyBaHHs PiAMH — BOAM 3 KYMAXXHUM CHPOIIOM 1 BOJH 3 KOHIIEHTPATOM Ha OCHOBI
M17ICOTI0KYBaYiB.

Po3pobxka 1 BripoBayKeHHS Yy BUPOOHMIITBO 3MIIIIyBayiB, sIKi 3a0€31euaTh sIKiICHE
NepeMilllyBaHHsl PiIMH TPH MIHIMQJIBHMX BUTpaTax €HEprii 1 Yacy € akTyaJIbHHUM.
3minnyBadi MOBHHHI OyTH €KOHOMIYHUMH, HAJAIWHUMHU, TPOCTUMH Y BHUTOTOBJICHHI Ta
00CIIyroByBaHHi, MaTH MPOCTI CXEMH BKIIFOUCHHS B Pi3HI YCTAaHOBKH.

B pesynprari aHamizy pi3HMX METOAIB 3MINIYBaHHS PIiIWH 3’SCOBAHO, IO
3ITKHEHHSI CTPYMEHIB € OIHUM 3 e()eKTUBHUX METOMIB iHTEHCH]IKAIil pi3HUX MPOILIECIB,
TOMY TIPOTUTEHIHHO-CTPYMHHHE 3MIIIyBaHHA OyJl0 BHIUIEHO SK  HAWOULIBII
nepcrektuBHe. Ll poboTa € CKIa0BOI YAaCTUHOI ULUKIY CTaTed, MpPUCBSIUYEHUX
CTPYMHUHHOMY 3MIIIYBaHHIO PIAKUX KOMIIOHEHTIB. BoHa mpucBsiueHa po3poOii
METOJUKH AHATITUYHUX 1 EKCHEPUMEHTAIbHUX JAOCHIKEHb IMPOLECY CTPYMUHHOTO
3MIITyBaHHS PIAMH y MPOTUTEHIHHO-CTPYMHHHOMY 3MillyBadi. B craTti mpencraBieHo
CXeMy pPO3pOOJICHOr0 MPOTUTEHIHHO-CTPYMHUHHOTO 3MilllyBa4a Ta OIKMCAHO IPOIEC
3MilIyBaHHS piguH B HbOMY. OmnmcaHo QaxkTopu, SKi BIUIMBAIOTh Ha MPOIEC
3MIITyBaHHS PIJKAX KOMIOHEHTIB y 3MimryBaui. OKpecleHO 3afadi JOCIHiKEHHS.
Takok B CTaTTi OMUCAaHO METOAMKY AHAIITUYHUX JOCHIKEHb CTPYMUHHOTO
3MILIYBAHHA DPIAUH V  PO3POOJIEHOMY IIPOTUTEYIMHO-CTPYMHUHHOMY 3MIIIyBadi.
IIpeacraBineHo cXeMy e€KCIIEepHMEHTAJIbHOI YCTAaHOBKM Ta ii 3aranbHUM BHj. OmnucaHo
MIPUHIAI POOOTH €KCIIEPUMEHTAIbLHOI YCTaHOBKH. BkazaHo HeoOXimHe oOIamHaHHS Ta
3ac00M KOHTPOJIO Ui TPOBEIACHHS JIOCHIKCHb. [IpeicTaBIeHO  METOIUKY
EKCIIePUMEHTAILHUX JOCITIDKEHb 3 BU3HAYCHHS BMICTY MiAMIIIYBAHOTO KOMIIOHCHTY B
3MIIIAHOMY IPOJYKTI.

Knrouoei cnoea: nocnigkeHHs, METOUKA, PiIMHA, 3MIIITYBaHHS.

METO/IUKA IMTPOBEJIEHUSI I/ICCJIE)IOBAHI/Iﬁ CTPYMHOI'O
CMELINBAHUS XKUJTKOCTEHU
Camoituyk K. O., Beronuk O. B.

Annomauus

[Ipoulecc cmemmBaHus KHUAKOCTEH IMHPOKO HCHONB3YeTCS B  IMHILEBOM
MPOMBINIICHHOCTH. B 9acTHOCTH, MpU TPOU3BOACTBE O0€3aKOTOJBHBIX HAIHUTKOB
OCHOBHBIM TE€XHOJIOTUYECKUM MPOIECCOM SBIISETCS CMEIIMBAHHE >KUIKOCTEeH. Takum
o0pa3zoM, pa3paboTKka U BHEJAPEHHUE B MIPOU3BOACTBO CMECHUTENEH, KOTOphIe obecreuar
KAQYE€CTBECHHOC CMCIINBAHUEC }I(HHKOCTCﬁ IIpu MHUHUMAJIBHBIX 3aTpaTax OSHEPTHU U
BPEMCHHU SABJIICTCA aKTYaJIbHBIM.

B pesymprate aHanmmza pa3aMYHBIX  CIIOCOOOB  CMEMICHUS KHIKOCTEH
MPOTUBOTOYHO-CTPYHHOE TMepeMENINBaHNE BHIIETICHO Kak Hanboee mepcrnekTuBHoe. B
CTaThe MpEACTaBleHA CXeMa pa3paboTaHHOTO MPOTUBOTOYHO-CTPYWHOTO CMECHTETS,
CXeMa JKCIIePUMEHTAILHON YCTAaHOBKU U OOIIHMI BUA ycTaHOBKH. OmrcaHbl (aKkTOpHI,
BJIMAIOOIME Ha IMPOHECC CMCHICHUA XHUIAKUX KOMIIOHCHTOB CMCCHUTCIIA, a TaKXKE
METOJIMKA aHAJUTUYECKUX M SKCIIEPUMEHTAILHBIX UCCIEAOBAHMUI Mpoliecca CTPYWHOTO
CMEIICHUS KHUJIKOCTEH B pa3pabOTaHHOM IMPOTUBOTOYHO-CTPYHHOM CMECHTEIE.

Knrwouesvie cnosa: uccnenoBaHme, METOIUKA, )KUKOCTh, IIEPEMEIITHBAHNE.



