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Abstract

Introduction. In industrial filtration systems, one of the main challenges is reducing the filter capacity due to the
accumulation of retained particles and the formation of sediment layer on the filter baffle. This results in increased
hydraulic resistance, increased energy consumption, and forced service stops. Extending the lifespan of filter elements
while maintaining productivity is a crucial technological challenge. This involves methods such as the regeneration of
hydrodynamic filters, including the rotation of the filter element and the use of vibration effects. However, current
research focuses on these methods individually, with no theoretical models for the combined effect of centrifugal and
vibrational forces. Experimental data on the synergy between these forces has not been collected, and criteria for
optimizing this combined effect have not been established considering operating parameters and the adhesive properties
of sediment. The aim of this research was to develop a computational method for optimizing the combined centrifugal-
vibration effect, based on an analytical and experimental study of its impact on the regeneration efficiency of
hydrodynamic filters.

Materials and Methods. The research was conducted on a laboratory test bench with a hydrodynamic vibrating filter
equipped with a cylindrical filter baffle made of a combined porous mesh metal (fineness of 10 um), which could
perform independent rotational and vibrational movements. To describe the condition for sediment particle detachment,
an analytical model was developed based on the balance of forces acting on a particle on a rotating and vibrating
surface. This allowed us to evaluate the effectiveness of filter regeneration based on operating parameters. The
experiments were conducted using aqueous suspensions of electrocorundum (200-250 um) and silicon carbide (60—
80 um) with a volume concentration of 0.1%. The regeneration mode involved a simultaneous increase in the rotational
speed of the baffle to 1000 rpm and vibration with an amplitude of 1 mm at a variable frequency of 50, 60 and 70 Hz
with the filtrate outlet closed to eliminate the change of pressure.

Results. Quantitative dependencies of the regeneration efficiency on rotational speed, vibration amplitude and
frequency were experimentally determined. An analytical model of force balance was developed, which allowed
predicting the degree of purification for any combination of these parameters. Verification of the model showed that the
discrepancy between the calculated and experimental data did not exceed 15-20%, confirming its suitability for
engineering calculations. Based on the model, a computational optimization method was proposed that provided a
choice of a combination of operating parameters at which the required level of cleaning was achieved with minimal
energy consumption and permissible mechanical loads on the structure.

Discussion. The low efficiency of purely centrifugal regeneration (2-20%) was explained by the fact that for fine
particles, the ratio of adhesive forces to inertial forces was significantly higher than for coarse particles. This was
consistent with the Derjaguin classical theory of adhesion. The synergistic effect of the combined effect was due to the
addition of radial centrifugal force by tangential shear stresses generated by vibration, which ensured a more complete
destruction of adhesive bonds in the sediment layer. The discrepancy between the model and the experiment in the
range of 15-20% was mainly due to uncertainty in determining the adhesion characteristics of the particle —filter baffle
pair. However, this level of accuracy was acceptable for the engineering selection of operating parameters. The obtained
patterns were qualitatively consistent with the known literature data on the individual effects of rotation and vibration
on sediment removal, but for the first time, they quantitatively describe their combined effect. One limitation of the
study was the validation of the model for aqueous suspensions only, which required additional research to extend it to
viscous and non-Newtonian media.
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Conclusion. It has been experimentally proven that the combination of centrifugal and vibrational effects can increase
the regeneration efficiency of the hydrodynamic filter baffle by 60-80%, compared to 2—20% with rotation alone. An
analytical model has been developed based on the balance of forces, and verified experimentally with an error of no
more than 20%. This model is suitable for engineering calculations of optimal regeneration modes. It is demonstrated
that the key parameter determining the accuracy of the forecast is the adhesion properties of particles, which require
experimental determination for each system. The results provide a scientific basis for designing continuous self-
cleaning filtration devices. A promising direction for future research is the adaptation of this technique to rheologically
complex industrial environments, as well as optimizing energy consumption in the vibration system.
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AHHOTALINA

Beenenue. B nmpoMbIIIeHHBIX cucTeMax GUIBTPOBAHUS OJHOM M3 KIIFOUYEBBIX MPOOJIEM SBISIETCS CHIDKEHHE MPOITYCK-
HOM CrIOCOOHOCTH (DHUITBTPa BCIICACTBHE HAKOIUICHHUS YJIABIMBACMBIX YaCTUIl U 00Opa30BaHMS CJIOS OCaaKa Ha (QHIBTPO-
BaJIbHOH Meperopojke. ITo BeAET K pOCTY THAPABINUECKOTO COMPOTHBIICHUS, YBEIHUCHNIO YJHEPTONOTPEOIECHNUS U BbI-
HYXJICHHBIM OCTaHOBKaM Ha o0ciyxuBaHue. [loBbimenne pecypca GUIBTPYIONMX 3JIEMEHTOB 0€3 MOTePH MPOU3BOIH-
TEJIbHOCTU OCTaETCs aKTyalIbHOM TEXHOJOTUYECKOW 3a/layuel, ISl peuieHus KOTOpOi NPUMEHSIOTCS METO/Ibl pereHepa-
UM THAPOANHAMHYECKUX (HIBTPOB — B YACTHOCTH, BpalieHNE (PUIBTPOBATIHHOTO 3JIEMEHTa M HAJIOKEHUE BHOpaIy-
OHHBIX BoO3AeiicTBUI. OAHAKO CYyIIECTBYIOLIME HCCIENOBAHMS PACCMATPUBAIOT 3TU METOJbl IPEUMYIIECTBEHHO
N30JIMPOBAHHO: OTCYTCTBYIOT TEOPETUUECKHE MOJIEIH, ONMCHIBAIONINE COBMECTHOE JICHCTBHE LIEHTPOOEIKHBIX U BUOpa-
LIMOHHBIX CUJI, HE TIOJIyYEeHBI SKCIIEPUMEHTANIbHBIE JaHHBIE O CHHEPreTH4ecKoM 3(exTe nX KOMOMHUPOBAHMS, a TAKKe
He pa3paboTaHbl KPUTEPUN ONTUMM3AIMH TAKOTO KOMOWHHPOBAHHOTO BO3JCHCTBHS C YUETOM PEKMMHBIX ITapaMeTpoB
U aJIre3MOHHBIX CBOHCTB ocajka. Llenbro paboTh! sBIIAIACH pa3paboTKa pacyETHOTO METOA ONTUMHU3AIMNA KOMOHMHUPO-
BaHHOT'O IIEHTPOOEKHO-BUOPAIIMOHHOTO BO3/IEHCTBHS Ha OCHOBE aHAJMTHYECKOTO M 3KCIIEPHUMEHTAIBFHOTO HCCIIE0Ba-
HUSI €r0 BIMSHUA Ha 3QEKTUBHOCTh pEereHepaliy THAPOANHAMUYECKUX (HUIBTPOB.

MaTtepuanbl 1 MeToAbl. VccienoBanus MpOBOIMINCEH Ha SKCIIEPUMEHTAIFHOM CTeHJIE C THAPOINHAMUYIECKIM BHOpa-
LIHOHHBIM (HIBTPOM, OCHAIIEHHBIM LWJIMHIPUYECKON (HIBTPOBAIIBHOM MEPEropoKoil U3 KOMOMHUPOBAHHOTO MOPH-
CTOTO CETYaTOro MeTayia (TOHKOCTh OYHCTKH 10 MKM), KOTOPOH HE3aBUCHMO COOOIIATNCH BpallaTelbHOEe U BUOpamu-
OHHOE JIBIOKEHU. [ onncaHus yClIOBUH OTPBIBA YacTHUI] OcaKa OblIa pa3paboTaHa aHAIUTHYECKAs: MOJIENb Ha OCHO-
Be OanaHca CuJI, JEHCTBYIOIIMX Ha YacTHIly Ha Bpalnaroueiics u BuOpupyromel nosepxuoctd. OHa MO3BOJMIA OIle-
HUTB 3 PEeKTUBHOCT pereHepay GUIbTPa B 3aBUCHMOCTH OT PEXKUMHBIX ITapaMeTPOB. DKCIIEPUMEHTHI IPOBOUIINCH
Ha BOJIHBIX CYCHCH3HAX dIeKTpokopyHaa (200-250 mxm) u kapbuna kpemuans (60—80 Mxm) 00BEMHOI KOHIIEHTpaIHEH
0,1 %. Pexxnm pereHepaniyl BKIIOUAJI OJHOBPEMEHHOE YBEIMUCHHE CKOPOCTH BpamieHus neperopoaku 1o 1000 o6/mun
U HaJIO)KEHHE BUOpauuu ¢ aMIuutynoi 1 MM npu Bapsupyemoit yactore 50, 60 u 70 'l ¢ nepekpbiTHeM narpyOka
¢bubTpaTta Ui yCTpaHeHHs YACP>KUBAIOLIETo Mepenaja qaBIeHuUsL.

Pe3yabrarsl ucciieioBaHUsl. DKCIIEPUMEHTAIBHO YCTaHOBJICHBI KOJIMUECTBEHHBIE 3aBUCUMOCTH 3((MEKTHUBHOCTH pe-
TeHepalMy OT YacTOThl BPAILCHUs, aMIUTUTYJIbl U 4acTOThl BHOpauuu. Paspaborana aHaiuTHyeckas MoJeib OallaHca
CHJI, TIO3BOJISTIOIIAs POTHO3UPOBATh CTENIEHh OUUCTKH JJIS IPOU3BOJIBHBIX COUYETAHUI yKa3aHHBIX NapaMeTpoB. Bepu-
(UKanus MOZENN TI0Ka3aja, YTO PAcXOXKJICHUE PACUETHBIX M SKCHEPHMEHTANBHBIX JAHHBIX HE mpeBbimaeTr 15-20 %,
YTO MOJTBEPKAACT €€ MPUTOJHOCTH I HH)KEHEPHBIX pacuéToB. Ha 6a3e Moeny npeuioxkeH pacu€THBIH METO] ONTH-
MU3aIHH, 00eCIeYNBAIOIINI BRIOOP KOMOMHAIIUH PSKUMHBIX TIAPAMETPOB, IIPH KOTOPOH JOCTHTAEeTCs TPeOyeMBIi ypo-
BEHb OYHMCTKH NTPH MUHUMAIBHBIX YHEPro3aTpaTax M JOMYCTHMBIX MEXaHNMIECKUX HArpy3Kax Ha KOHCTPYKIHIO.
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Oo6cy:xknenne. Huskas 3¢ (hekTHBHOCT YHCTO IEHTpoOex)HOH pereHeparmn (2—20 %) oOBSICHAETCS TEM, YTO JJIS Mel-
KOJHUCTIEPCHBIX YAaCTHI[ OTHOIIEHHWE aJr€3MOHHBIX CHJ K MHEPUUOHHBIM CYILIECTBEHHO BBIIIE, Y€M U1 KPYIHBIX, YTO
coryacyercst ¢ Kiaccuueckoil teopmeit aaresum [epsiruHa. Cuneprernyeckuil 3pdexT KoOMOMHMPOBAaHHOTO BO3JEH-
CTBHSI 00YCJIOBJICH JAOIOJHEHNEM PaAHaIbHOTO [EHTPOOESKHOTO yCHIIUS TaHT€HIMATbHBIMU CIIBUTOBBIMU HATPSHKECHH-
SIMH, TEHEpUPYEMBIMHU BHOpaIyei, 4To odecneynBaeT Oojiee MMOJTHOE pa3pylIeHUE are3HOHHBIX CBSI3eH B CIIOE OcajKa.
Pacxoxnenne mozmenu ¢ skcriepuMeHToM B mpenenax 15-20 % cBs3aHO INTaBHBIM 00pa3oM C HEONPEAENEHHOCTHIO B
OTIpeJIeTICHUH aATe3MOHHBIX XapaKTEPUCTHK Taphl «4acTulia — GUIbTpoBaIbHasK IEPEropoIKay», OTHAKO Takasi TOYHOCTh
SIBISIETCST TIPUEMIIEMOHN Ui MHXKCHEPHOTO Moadopa PeXMMHBIX MapameTpoB. [lomydeHHbIE 3aKOHOMEPHOCTH Kaue-
CTBEHHO COTJIACYIOTCSI C M3BECTHBIMH JIMTEPATyPHBIMH JAHHBIMH O Pa3JeIbHOM BIMSHUHU BpAIlEHWs W BUOpaluM Ha
yZaJleHue OCaJKOB, HO BIIEPBbIC KOJMYECTBEHHO OMMCHIBAIOT X COBMECTHOE AeicTaue. OrpaHudeHueM paboThl SIBIIS-
eTcs BalIMAALMS MOJICIH TOJIBKO JUIS BOJHBIX CYCIEH3UH, 4TO TpeOyeT AOMOIHUTENIBHBIX UCCIEOBAaHUI P TIEPEX0e
K BA3KUM U HEHBIOTOHOBCKUM CpelaM.

3aka04enne. DKCIEPUMEHTAIBHO JIOKA3aHO, YTO KOMOMHMPOBAHHE LIEHTPOOEKHOTO M BHOPAIIMOHHOTO BO3AEHCTBHI
TIO3BOJISICT TMOBBICUTH 3P (EKTUBHOCTh pereHepanny (GpuibTpOBaJbHON NEPEropoAKNd THAPOAMHAMHYECKOTO (GriibTpa 10
60-80 % mo cpaBHeHwHIO ¢ 2—20 % NpH UCTIOIB30BaHUH TOJIBKO BpalleHus. Pa3paboTana aHamuTHYecKast MOZENb HA OCHO-
Be OanaHca cui1, Bepu(HIMPOBAaHHAS IKCIIEPUMEHTAIBHO C ITOTPENIHOCTEIO He Oosee 20 %, npuroaHast 1Jisi HHKEHEPHOTO
pacuéra ONTHMAIBHBIX PEKUMOB pereHepanuu. I1oka3zaHo, 4TO KIFOUEBBIM MapaMeTpOM, OIPEACIIIONIMM TOYHOCTh MIPO-
THO3a, SBJISIOTCS a/IT€3MOHHBIE CBOMCTBA YaCTHII, TPEOYIONINe SKCIEPHUMEHTAIBHOTO ONIPEACTISHUS U KaXXI0W KOHKpET-
HOH CHCTEMBI. Pe3ylbTaThl CO3af0T HAYYHYIO OCHOBY JUISl IPOSKTHPOBAHMS CAMOOYHNINAIOIINXCS (PUIBTPOBAIIBHBIX aIla-
paToB HENPEPHIBHOTO NEHCTBHA. llepCrieKTHBHBIM HaNpaBIICHWEM SIBIISICTCS aanTalisl MPeIIOKEHHON METOAMKU JUIA
PEOJIOTHYECKH CIIOKHBIX IMPOMBIILIEHHBIX CPEJ] X ONTUMH3ALHS YHEPTONOTPeOICHNS BHOPOCHCTEMBL.

KaioueBnle cioBa: ¢uibTpoBaHMe, pereHepanys, THAPOAWHAMUYECKHH (WIBTP, UEHTPOOEKHAs OYHCTKA,
BUOpALMOHHAs! OUYNCTKA

Bnarouapﬂocn,. ABTOpLI BbIpAXKAKOT 6J'Ial"0ﬂapHOCTI) peAaKIU U PCUCH3CHTAM 3a BHUMATCJIbHOC OTHOLICHUE K CTATHC
1 YKa3aHHBIC 3aME€YaHUsl, KOTOPBIC MO3BOJIUIIN NOBBICUTH €€ Ka4€CTBO.

Jnsi nurupoBanmsi.  [lesucwioB  B.A., ®pomos H.JI. Peremepamus  ¢GuibTpoOBaIBHOTO — MaTepHana
rUaporHaMuIeckoro QuiubTpa. bezonacnocmvs mexnozceHHvIX U npupoousvix cucmem. 2026;10(2):132-141.
https://doi.org/10.23947/2541-9129-2026-10-2-132-141

Introduction. Purification of process fluids and wastewater [1] from mechanical impurities by filtration is a mandatory
and essential process in industries such as petroleum chemistry, energy, and water treatment [2]. The effectiveness of this
process directly determines the stability of technological cycles, the service life of equipment, the quality of final products,
and the compliance with environmental regulations [3]. The main operational challenge in this field is the intense pollution
of the filter media (filter baffle) during operation. This leads to a sharp increase in hydraulic resistance, which, in turn,
causes a significant increase in energy consumption [4]. In addition, the active overgrowth of the baffle with sediment
increases the risk of mechanical failure and leads to unplanned production stops for regeneration or replacement of filter
elements. Traditional cleaning methods, such as backwashing, require shutting down the filter or using complex systems
with duplicate lines, which reduces overall productivity and increases capital costs [5].

The use of filters with the possibility of continuous or periodic regeneration without stopping the main process is
considered as a promising solution to this issue. One such type of device is the hydrodynamic filter (HDF), which combines
the effects of centrifugal separation and tangential flow along its surface to reduce the deposition of particles on the filter
baffle [6]. Unlike filtration centrifuges, in the HDF, the flow is directed from the outside into the rotating FB, enhancing the
effect of centrifugal forces on the formed sediment layer [7]. Another approach to intensifying filter regeneration is the use of
vibration on the filter element, which helps to break down adhesive bonds in the sediment layer [8].

An analysis of modern research shows that the effects of FB rotation [7] and vibration [8] on the filtration process
have been studied, as a rule, in isolation. At the same time, there are practically no systematic studies in the scientific
literature on the combined effect of these two types of force fields on the effectiveness of hydrodynamic filter
regeneration. Additionally, there are no universal calculation methods to quantify the efficiency of this combined effect,
which takes into account key factors, primarily the adhesive properties of the trapped particles in relation to the filter
baffle material [9]. Thus, there is an obvious scientific and practical gap due to the lack of a methodology for the
reasonable selection of optimal modes of joint centrifugal and vibrational action based on the physical model of the
particle separation process.

The aim of this research is to conduct an experimental and analytical study of the synergistic effect of combining
centrifugal and vibrational forces on the regeneration process of a hydrodynamic filter's baffle, and to develop a verified
calculation method for optimizing regeneration parameters based on the results.
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In order to achieve this goal, several sequential tasks have been formulated:

— analysis of literature data on FB regeneration methods and identification of a gap related to the complex effects of
force fields;

— development of analytical and computational models of the process of particle separation from the FB based on
the balance of retaining (adhesion forces, flow pressure force) and tearing (centrifugal force, inertial force from
vibration) forces;

— experimental research on a specially designed test bench of the separate and combined effects of the FB rotational
velocity, as well as the amplitude and frequency of vibration on the efficiency of sediment removal during filtration of
suspensions with particles of various nature (electrocorundum, silicon carbide);

— verification of the developed computational model by comparing analytical estimates of regeneration efficiency
with the experimental data obtained.

Materials and Methods. The research was conducted on a specially designed bench with a hydrodynamic vibration

O
o

filter. Figure 1 presents its diagram.

A,fIJ,e

Fig. 1. Diagram of a hydrodynamic vibrating filter (O — flow rate of the initial liquid, O» — flow rate of the purified liquid,
Ok — flow rate of the concentrate, w — rotation speed of the filter baffle, 4 — amplitude of vibration, f— frequency of vibration

The main design feature of the device was the possibility of independent transmission to the cylindrical filter baffle
of rotational motion from the electric motor and reciprocating (vibratory) motion from the vibration stand. The main
geometric parameters were: height of the case — 186 mm, outer diameter of the case — 21 mm, and thickness of the
case — 1 mm. A more detailed description of the principle of operation and layout is given in [10].

To analyze the regeneration process, a model based on the balance of forces acting on a particle in a sediment layer
on a vibrating and rotating surface was used (Fig. 2), by analogy with the approaches described in the works “Features
of the Regeneration Process of the Filter” [11] and “Slotted Filter Regeneration Efficiency” [12].

The separation condition of a particle could be described by the inequality:
cos(0)((mg + Fu )’ +(Fue)’) > (F) +(F,+ Fup)” M

Having divided both parts by (mg)?, which characterized the total weight of sediment on the filter baffle, we

obtained the expression for regeneration efficiency:

0,5
| (mg+F) +(Fue)” (F) +(Fy+ Fap)’

(gm)’ (gm)*

where n characterized the regeneration efficiency. If n = 1, all particles were removed from the filter media during

2

regeneration.
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F AF

F,+Fy

Fig. 2. Diagram of the action of forces, where mg, Newton (hereinafter referred to as n) — weight of the sediment layer
(m — mass, kg; g — acceleration of gravity m/s?); Fy,, H and F;, n — normal and tangential components of the adhesion force, Fyw, n
and Fw, n — forces arising during regeneration due to vibration and rotation of the filter baffle, respectively,
Fap, n — pressure drop force on the baffle

Forces F,. and F,, depended on the mode of the operation of the device, rotation speed and vibration

parameters [13], and were calculated using the formulas:

F :mr(ﬂjz 3
we w0 )’
F,, =md(2nf)’, @
where » — radius of the filter baffle, m; v — filter baffle rotation speed, rpm; A — vibration amplitude, m;

f— vibration frequency, Hz [14].
The force of the pressure drop, according to the theory of filtration with the formation of incompressible sediment,

would be equal to [15]:

Fy, = APS, 5)
where AP — pressure drop on the baffle, Pa; S — area of the filter baffle, m?. The pressure drop during operation and
sediment accumulation would increase [16].

According to Deryagin's theory, the force of normal separation was expressed by the formula:
F, =4nor, ©)
Fi =pF,, (7
where 6 — surface tension at the boundaries of two bodies; » — curvature radius of the particles, p — friction

coefficient.
Two types of particles were used as mechanical impurities (dispersed medium): electrocorundum and silicon

carbide. Water was used as a purifying medium (dispersion medium). The characteristics of the particles are presented

in Table 1.

Table 1
Characteristics of contaminant particles
. Particle layer permeability . . .
Particle type . Density, kg/m? Particle diameter, pm
coefficient, m?
Electrocorundum 3.2:10° 3950 200-250
Silicon carbide 4.2:107 3200 60-80
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A permeable material, made using the technology developed at Bauman Moscow State Technical University,
hot-rolling in vacuum based on metal meshes with a cleaning fineness of 10 pm, the so-called combined porous mesh
metals, was used as a filter baffle [17]. The characteristics of the filter baffle were determined in accordance with [18].
The permeability of the baffle and sediment layer [19] was determined experimentally directly on the machine under
study. Water at room temperature was used as the dispersion medium. A suspension with a volume concentration of
0.1% was prepared in a 300 liter container equipped with a paddle mixer to maintain uniformity of the composition.

The experiment was conducted as follows.

1. Preparation of the suspension. A homogeneous aqueous suspension with a mass concentration of solid particles
(contaminants) of 0.1% by volume was prepared in a tank equipped with an electric mixer.

2. Filtration cycle (operating mode). The suspension was fed to the filter inlet. The filter baffle rotated at a constant
speed of 300 rpm. The filtration process lasted for a predetermined length of time or until a specific pressure drop was
achieved.

3. Initiation of the regeneration mode. At the end of the filtration time, a 30-second regeneration stage began, which
included:

— closing the outlet pipe of the purified filtrate to eliminate the holding force caused by the pressure drop;

— simultaneous increase of the rotation speed of the filter baffle to 1000 rpm;

— simultaneous activation of the vibration effect on the baffle with an amplitude of 1 mm. At the same time, the
vibration frequency varied from experiment to experiment, taking values of 50, 60 or 70 Hz.

4. Removal of the regenerated sediment. During the entire regeneration stage, the liquid was directed into the
concentrate outlet, thereby entraining the particles separated from the baffle.

5. Return to the operating mode. After 30 seconds, the regeneration mode was turned off: the vibration stopped, the
rotation speed of the partition decreased to 300 rpm, and the filtrate nozzle opened. The machine returned to step 2 for
the next filtration cycle.

A Dwyer MFS-11 magnetic induction flowmeter with a relative measurement error of + 2% manufactured in the
USA was used to measure the flow. To measure the differential pressure, Hyadac HDA 4748—H-0009-000 pressure
sensors (reduced error + 0.5%) manufactured in Germany with the HMG 3000 data logger were used. Concentration
control was performed using FCU 2000 and CS 2000 analyzers or a Photon-965 photonephelometer (Russia). An
asynchronous electric motor (Russia) and a Tira Vib vibration stand (Germany) were used as the drive.

Results. Figure 3 demonstrates the results of computational and experimental studies on the efficiency of filter
material regeneration during the purification of liquid from electrocorundum.

100

o0
[e=}
!

[N
(e}
!

N
[e=)
!

Regeneration efficiency, %

[\
(e}
!

0 50 60 70
Vibration frequency, Hz

== Estimated regeneration efficiency Experimental data
Fig. 3. Experimental and calculated data on the regeneration of the filter baffle after a cycle
of filtration of liquid from electrocorundum

The results of computational and experimental studies on the efficiency of filter material regeneration during the
purification of liquid from silicon carbide are presented in Figure 4.
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Regeneration efficiency, %
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0 50 60 70
Vibration frequency, Hz

= Estimated regeneration efficiency Experimental data

Fig. 4. Experimental and calculated data on the regeneration of the filter baffle after performing
a cycle of liquid filtration from silicon carbide

The results of the experimental efficiency of regeneration (1) performed for two types of contaminants, coarse-
grained electrocorundum and fine-grained silicon carbide, presented in Figures 3 and 4. They show the following:

—the use of only centrifugal action (pulsed acceleration of FB to 1000 rpm) showed low efficiency: for
electrocorundum, n = 20%, and for silicon carbide— only about 2%;

— the combination of centrifugal action with vibration (amplitude 1 mm, frequency 70 Hz) led to a synergistic effect.
The regeneration efficiency for electrocorundum increased to 80%, and for silicon carbide — up to 60%.

Figures 3 and 4 also show the calculated curves obtained using the developed force balance model (1). A
satisfactory qualitative and quantitative correspondence between the model and the experimental points was observed
for both electrocorundum and silicon carbide. The maximum discrepancy between the calculated and experimental
values of the regeneration efficiency did not exceed 15-20%, which was an acceptable level of accuracy for engineering
calculations of the process dynamics.

Discussion. The results obtained allowed us to analyze the physical mechanisms behind the regeneration process
and evaluate the limits of the applicability of the developed model.

1. Analysis of the effectiveness of various regeneration modes. A significant difference in the efficiency of
centrifugal action for electrocorundum (20%) and silicon carbide (2%) was fully consistent with the theory of adhesion.
For smaller particles of silicon carbide (60-80 pm), the ratio of adhesive forces to the mass of the particle (and
therefore to inertial forces) was significantly higher than for large particles of electrocorundum (200-250 um). Thus,
centrifugal force alone was not sufficient to overcome the adhesive bonds of fine sediment.

2. Synergetic effect nature. Achieving an efficiency of 60—80% with combined exposure confirmed the hypothesis
of different and mutually complementary mechanisms of layer destruction. Centrifugal force created a predominantly
radial tearing force. Vibration, in turn, induced tangential shear stresses in the sediment thickness and reduced the
friction force between the particles and the FB surface due to micro-displacements. The combined effect of these factors
ensured a more complete destruction of adhesive bonds.

3. Verification of the calculation model. The discrepancy between the calculated and experimental data in the range
of 15-20% indicated the adequacy of the proposed approach based on the power balance. The main source of the error
was probably related to the difficulty in accurately determining the adhesive forces (Fn, Ft) for a specific “particle
material — FB material” pair. The achieved accuracy was satisfactory for engineering calculations, which were not
intended for an absolute forecast, but rather a comparative analysis of modes and selection of optimal parameters.

4. Practical significance and limitations. The results showed that the combined method increased the BF life
compared to the use of the centrifugal force alone. The main practical limitation was the need to experimentally
determine the adhesive characteristics of new types of contaminants, as their theoretical calculation involved significant
uncertainty. In addition, the model was validated for aqueous suspensions. Its application to viscous or non-Newtonian

liquids required further research, taking into account changes in hydrodynamic and adhesive conditions.
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Conclusion. In the course of the research, we achieved the goal: the effectiveness of the combined centrifugal-
vibration method for regenerating the filter baffle of a hydrodynamic filter was experimentally and theoretically
substantiated. The following main conclusions were formulated:

1. It was established that the separate application of centrifugal action (rotation speed up to 1000 rpm) was
characterized by low regeneration efficiency (2-20%), especially for fine particles with high specific adhesion.

2. The increasing effect of combining BF rotation with vibration action (amplitude 1 mm, frequency 70 Hz) was
proven, which made it possible to increase the regeneration efficiency by up to 60% for silicon carbide and up to 80%
for electrocorundum.

3. Computational model based on the balance of holding and tearing forces was developed and experimentally
verified. The model made it possible to predict the efficiency of regeneration with an accuracy acceptable for
engineering practice (error <20%) and select optimal parameters (rotation speed, frequency and amplitude of vibration)
depending on the dispersed composition and nature of pollutants.

4. It was crucial for the accuracy of the model to consider the adhesive properties of particles, as they determined
the need for experimental determination in specific filtration conditions.

Promising areas for further research include the adaptation of the technique to rheologically complex media, such as
petroleum products and pulps, as well as the minimization of energy consumption of the vibration excitation system.
Additional tests of the developed hydrodynamic vibration filter [20] are planned to be conducted in conditions
simulating real industrial processes. The results obtained form the basis for the development of highly efficient filtration

systems for the chemical, petrochemical, and water treatment industries.
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3asnenennslil 6K1a0 COABMOPOE:
HdeBucuioB Baagumup ApkagbeBuu: Pa3pa0oTka KOHICNIWH; TPOBEIACHUE HWCCICIOBAaHUS; pa3paboTKa

METOAO0JIOTUH; HAYYHOC PYKOBOJACTBO; HAITMCAHUC PYKONINCHU — BHECCHUC 3aMEYaHul U HCHpaBHeHHﬁ.

®posioB Hukura [liaTonoBuu: Pa3paboTka KOHIEMIMHK; MPOBEICHNUE UCCIEIOBAHHS; pa3paboTKa METOIOJIOIUH;

HaMMCaHUe YEPHOBHUKA PYKOIHCH.
Kongpaukm unmepecog: aBTopsbl 3aiBJISAIOT 00 0TCYTCTBUH KOH(INKTAa HHTEPECoB.
Bce asmoput npouumanu u 0000punu 0KOH4amenbHolil 6APUAHIN PYKORUCH.
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