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DETERMINATION OF THE LENGTH OF CONTINUITY
OF A LIQUID FLOW IN A FREE SWIRLING JET

BU3HAYEHHA JOBXXWUHHU OJHOPIJIHOI'O ITIOTOKY PIINHU
BIJIBHOT'O 3AKPYYEHOI'O CTPYMEHSA

The chart of the unfolded free stream of liquid and technological chart of tubeless filtration of
water technological environments is presented. Got mathematical dependence, allowing to define
length of area of continuous stream of liquid in the opened environment, where it is expedient to place
a filtration partition in devices for cleaning of liquid from mechanical admixtures.

Keywords: chamberless filtration, continuous flow, free swirl jet, mathematical model,
experiment.
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V beskamepnux ginompysanvHux ycmano8Kkax UKOPUCMOBYEMbCA eHepRis GilbHO20 cmpyMe-
Hs piounu. [ yb0o20 3acmoco8ylombest GCiNsAKI KOHCMPYKYIi hopcyHOK, conen ma Hacaook. Hezamo-
NIEHUM GITbHUM CHPYMEHEeM PIOUHU HAZUBAEMbCA CIPYMIHL PIOUHU, OMOYEHU 2A306UM CEePeOOsU-
wem, 30Kpema nogimpanum cepedosuujem. Ha 6uxooi i3 conna nomik piounu € KOMNAKmMHUM cmpyme-
HeM, AKULL Ma€ 6eUKUtl Kym po3kpumms. I eomempuuni napamempu cmpymens 6naueaioms Ha npooy-
KMUBHICMb NPOYecy OYUWeHHs PIOUHU 8I0 OOMIULOK Ma MACIAHUX 3A0pYOHeHb.

Ocnosnumu napamempamu 0e3KaMEPHO2O PINbMPYSaAnHA €. GUIHAYEHHS KYMA PO3KPUMNIS
cmpymens piOuHu; GUSHAYEHHS eqheKMUSHOI 8i0CMaHi 015 po3MAauly8anHs QinbmpyeanvHoi nepecopo-
OKU 6i0 3pi3y conna, 6nau8 Kyma HAXu1y cOna 00 NepecopooKu 6 cOPU3OHMANbHill NAOWUHI HA NPO-
OYKMUGHICb npoyecy Oe3KamMepHO2o DiNbMpPYEants, GUIHAYEHHS WBUOKOCME CIPYMeHs PIOUHU ne-
peo QinempyeanvHoio nepecopooKoIo, GUIHAYEHHS eqheKMUEHO20 4acy eKcnayamayii inbmpysansvHoi
nepe2opooKu i CmyneHs O4UUeHHs.

Ilpogedeni docniddceHHsA NOKA3YIOMb, WO 6 3A2AlbHOMY GUNAOKY CMPYMIHb PIOUHU MOdHNCe
mamu mpu XapakmepHi YacmuHu: KOMRAKMHUL, YACMKO80 po30pobienull i po3nopouienui. Y medcax
KOMNAKMHOI 4acmuHu 30epieacmvcsa YuriHOpuiHa gopma cmpymeHs piouHu, nPULOMy CYYiIbHiCMb
PYXY piOUHU GUABTAECMbCA He NOPYWIEHOI0. Y Medlcax 4yacmroso po30pobneHol uacmuHu CmpymeHs
PiOuHU CYYiNbHICMb NOMOKY NOPYUWYEMBCS, NPUYOMY CIMPYMiHb PIOUHU NOCIYNO80 PO3UUPIOEMBCAL.
Hapewimi, y medxcax posnopouieHoi yacmunu cmpymens 6i00y6acmuvcsi 0OCMamoyHuii po3nao nomoxy
PpiOunu oKpemi KpanJi.

Pyitinysanns komnaxmuocmi cmpymeHs piOouHu npomsizom 0py20i ma mpemuvoi OiNAHOK NOsiC-
HIoEmMbCs 1T aepayicto. Aepayis cmpymerst piOuHU 00YMOBTIOEMbCS CRITbHUM 3MIULYBAHHIM MIJC NO-
GIMpAHUM Ma 600HUM cepedosuwamu. Tomy HeobXiOHO euUHAUUMU O0BHCUHY KOMNAKMHOI 4acmunu
cmpymens piouHu 0e OOYiIbHO BCMAHOBTI08AMU (PibMPYBATbHY NEepe2OPOOKY 8 NPUCIPOAX 015 04U-
wjeHHsl PIOUHU 810 MEXAHIYHUX OOMIULOK.

IIpeocmasenena cxema He3aMONNEHO20 GiILHO2O CIMPYMeEHs PIOUHU | MeXHOo02IuHa cxema be3-
KAMEPHO20 Dinbmpysants 600HUX MEXHON0IYHUX cepedosuty. Ompumana mMamemamuina 3a1exic-
HiCMb, WO 003801A€ BUSHAUUMU 00BXHCUHY OLIAHKU CYYITbHO20 NROMOKY PIOUHU Y 8iIOKPUMOMY cepedo-
suwWyi, 0e OOYIIbHO PO3MICMUmMuU PilbMpysaIbHy NepecopooKy 68 RPUCIPOSX OISt OYUWEeHHSL PIOUHU 8i0
MEXAHIYHUX OOMIUOK.

Knrouosi cnosa: besxamepre Qinompysants, 0OHOPIOHUL NOMIK, BLIbHUL 3aKPYHeHUll Cmpy-
Milb, MamMeMamuiyHa MoOeb, eKCnepumenn.

Problem’s Formulation

In chamberless filter units the energy of a free liquid stream is used. For this purpose, various
designs of nozzles, jets and attachments are used. An unsubmerged free liquid stream is a liquid
stream surrounded by a gaseous medium, in particular an air medium.

At the outlet of the nozzle, the liquid flow is a compact stream, which has a large opening an-
gle. The geometric parameters of the stream affect the productivity of the process of cleaning the lig-
uid from impurities and oil contaminants.

The following filtration parameters have not been studied:

— determining the opening angle of the liquid stream;

— determining the effective distance for the location of the filter partition from the nozzle exit;

— the effect of the angle of inclination of the nozzle to the partition in the horizontal plane on
the productivity of the chamberless filtration process.

— determining the velocity of the liquid stream in front of the filter partition;

— determining the effective operating time of the filter partition and the degree of purification.

Analysis of recent research and publications

In papers [1, 2] the authors consider the processes of wastewater filtration using a liquid jet,
provide purification schemes and technological modes. However, the authors consider the jet as a
whole, do not distinguish separate areas of jet grinding, which raises additional questions regarding the
purification process.
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After analyzing works [3, 4], where the authors highlight schemes for wastewater treatment
using filtration plants with free liquid jets. However, these works did not take into account the twisting
of the jet and the circulation of the liquid flow, which leads to its massive spraying.

In paper [5] the author presents new methods for increasing the efficiency of wastewater
treatment processes, where coagulants and flocculants are widely used after mechanical treatment.
Ensuring the efficiency of treatment is achieved by combining treatment methods. The disadvantages
of these methods are the formation of new types of waste that are difficult to dispose of.

The authors in articles [6, 7] investigate the work of free liquid jets. They conduct experi-
mental studies of the kinetic energy of the jet, the pressure of the jet on the surface of the filter parti-
tion. At the same time, the authors do not focus on the homogeneity of the flow and its swirling.

Formulation of the study purpose

Let us consider a water jet of liquid of circular cross-section moving in air space. The con-
ducted studies show that in general a liquid jet can have three characteristic parts: compact, partially
fragmented and sprayed.

Within the compact part the cylindrical shape of the liquid jet is still preserved, and the conti-
nuity of the liquid movement is not broken. Within the partially fragmented part of the liquid jet the
continuity of the flow is broken, and the liquid jet gradually expands. Finally, within the sprayed part
of the jet the final disintegration of the liquid flow into individual droplets occurs.

The destruction of the compactness of the liquid jet during the second and third sections is ex-
plained by its aeration. Aeration of the liquid jet is caused by the joint mixing of air and water envi-
ronments. Therefore it is necessary to determine the length of the compact part of the liquid jet, where
it is advisable to install a filter partition in devices for cleaning liquid from mechanical impurities.

Presenting main material

The length of the compact part of the liquid jet L affects the distance from the nozzle exit to the
plane of the filter partition [8]. The length of the compact part of the liquid jet depends on the total liquid
flow rate through the nozzle (Fig. 1) Qu; on the ratio of liquid flow rates through the tangentially inserted
branch pipe and through the nozzle Q+/Qu and the nozzle diameter dc, liquid jet opening angle «..

Fig. 1. Flow chart of the liquid filtration process: 1 — nozzle with a tangentially inserted
branch pipe; 2 — filter partition

To construct a mathematical model for determining the length of the compact part of the liquid jet
from the above factors in the form of a first-order polynomial, experimental design methods were used,
namely, a full factorial experiment [9]. The levels of variation of the factors are presented in Tabl. 1.
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Table 1. Levels of variation of the factors

Factors Designation | s 1 414 |xi=-1|xi=0 | xi=1| xi*=1,414
of factors
Total liquid consumption, Qu, I/s x1 0,50 0,60 | 0,85 1,1 1,2
Fluid flow ratio, Q+/Qu X2 0,12 0,17 0,3 0,43 0,48
Nozzle diameter, d., m X3 0,016 0,017 | 0,02 | 0,023 0,024
The plan matrix and the obtained experimental results are presented in Tabl. 2.
Table 2. Plan matrix and the obtained experimental results
] Coded values of factors in the experiment
Experience No. ~ ~ ~
X, X, X3 L, m
1 -1 1 1 0,042
2 1 1 1 0,063
3 1 1 -1 0,152
4 -1 1 -1 0,13
5 1 -1 1 0,07
6 -1 -1 1 0,06
7 1 -1 -1 0,2
8 -1 -1 -1 0,092
9 1,414 0 0 0,072
10 -1,414 0 0 0,108
11 0 0 1,414 0,068
12 0 0 -1,414 0,148
13 0 1,414 0 0,073
14 0 -1,414 0 0,09
15 0 0 0 0,08
16 0 0 0 0,082

In this case, the mathematical model for a complete three-factor experiment with a third-order
interaction effect is [10]:

y:bo+bl-X1-|-b2-X2+b3-X3-I-b12-X1-X2+bl3-X1-X3+b23-X2-X3+b123-X1-X2-X3. oy

The coefficients can be calculated using the formula:

J=0,1,2, ...,k 2

where N — number of experiments; y; — result of the i-th experiment.

The coefficients of the independent variables indicate the strength of the influence of the factors.
The greater the numerical value of the coefficient, the greater the influence of the factor. If the coeffi-
cient has a plus sign, then with an increase in the value of the factor, the optimization parameter increas-
es. The value of the coefficient corresponds to the contribution of this factor to the value of the optimiza-
tion parameter when the factor moves from the zero level to the upper or lower level. To check the ob-
tained estimates of the influence of factors on significance, based on the results of the second and eighth
experiments, repeated twice, an estimate of the variance of observation errors was found [10].

In equation (1) the variable values xi, x», x3 are coded quantities. For convenience of
calculations, the coded quantities are replaced by natural ones:

Qﬂ - 0,85
= _4.Q,-34;
Xy 0.25 Qu



130 Maremaruute mogaemoBanns Ne 1(52) 2025

x,=9:=002 _a33.4 _g67; )
0,003
Q/Q,—03

where Qu — total liquid flow rate, I/s; d. — nozzle diameter, m; Q4/Qu — ratio of liquid flow rates.

Having determined the coefficients for the formula (2) and coded values of the factors (3) and
inserted them into equation (1), we obtain a mathematical relationship for determining the length of
the compact part of the liquid jet from the above factors:

L=0,01-012-Q, +117-d, +03-Q, /Q, —2,81-Q, -d, +

4
+0,01-Q,-Q, /Q, ~233-0, -Q; /Q, +103-Q, -d, -Q, /Q,. @

Based on the results of experimental studies, graphical dependencies of the length of a contin-
uous liquid flow on the nozzle diameter, on the total liquid flow rate, and on the ratio of the tangential
and total liquid flow rate were constructed (Fig. 2—4).

The analysis of the experimental results and their mathematical processing show that with an
increase in the total flow rate of liquid, the length of the solid part of the liquid jet decreases, but with
an average feed, the length of the liquid jet fluctuates in one interval. With an increase in the nozzle
diameter, the length of the solid part of the liquid jet decreases (Fig. 2). An increase in the nozzle di-
ameter and the ratio of the tangential and total liquid flow rates have the same nature of dependence —
a decrease in the length of the solid part of the liquid jet (Fig. 3). The ratio of the tangential and total
liquid flow rates has a special influence, since in this case the opening angle of the liquid jet increases
sharply. Accordingly, the length of the solid part of the liquid jet decreases sharply (Fig. 4).

Conclusions

The resulting mathematical dependence allows us to determine the length of the section of
continuity of the liquid flow in an open environment, where it is advisable to place a filter partition in
devices for cleaning liquids from mechanical impurities.
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