development of high-accuracy NLD-models, the velocity vector was chosen as the hor-
izontal component of the velocity vector of the FNPF-model (fully nonlinear model of
potential flows) on a certain surface located between the bottom and the free surface.
Such models are characterized by a very cumbersome form of the obtained equations.

This study shows that the high-order NLD-models can also be obtained using the
depth-averaged velocity. Based on the modification of the non-hydrostatic pressure
component of the SGN-model (Serre — Green — Naghdi), the improved accuracy models
with the fourth (mSGN) and sixth—eighth (mSGN4) orders of approximation of the
FNPF-model dispersion relation are obtained. At the same time, the mSGN-model, like
the SGN-model, has the second order of the long-wave approximation, while the
mSGN4-model is the fourth. For the constructed models, which take into account the
bottom mobility, the law of mass conservation and the balance of the total momentum
are satisfied. The equations of the models are invariant with respect to the Galilean
transformation and are written in a compact form. Under the assumption of a slight
change in the shape of the bottom, we obtain the laws of change in the phase velocity,
amplitude, length and steepness of surface waves during their movement from the deep-
water part of a basin to the shallow water. The results of numerical calculations using
the developed models confirm their higher accuracy compared to the results obtained
within the framework of the SGN-model.
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TPEXMEPHAR YACIIEHHAA MOLEb KOATYNALIN A3PO30JEN
B HEJIMHENHO-UCKAXEHHBIX 1 BUXPEBBIX YIIbTPA3BYKOBbIX MOMAX

B. H. Xmenée, A. B. Lllanynos, P. H. I'onvix

[Ipennoxxena TpéxmepHasi YMCIEHHAsT MOZENb MPOCTPAHCTBEHHO HEOIHOPOAHOW Yilb-
TPa3ByKOBOM KOAryJisiiMM YacTHUL] B HETMHEMHO-UCKAKEHHBIX aKyCTHUYECKMX MOsIX. Mo-
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JIEJTb TI03BOJISIET BHISIBUTH (D ()EKTHBHOCTD KOArYJISILII M ONTHMAIbHBIC PEXKUMBI M YCITOBHS
BO3ZICHCTBUS [UTSl IIMPOKOrO JMAria3oHa Pa3sMEpPOB YAaCTUIl OT CYOMHUKPOHHBIX 10 PM2,5.
D10 mocthraercs MyTéM y4€Ta KOMIUIEKCA BIMSIOIMX (haKTOPOB, KaXKIbIA M3 KOTOPBIX
TIPOSABIISIETCS. B HAMOOJMBILEH CTENeHU Il ONpPeIeNEHHOro Uana3oHa pa3MepoB JacTHIl B
TEKyIIMi MOMEHT BpeMeHU. Tak, B 4acCTHOCTH, B CyOMUKPOHHOM JMAIa30He HaHOONbIIee
BIIMSIHHE OKa3bIBACT (haKTOp, CBA3AHHBIH ¢ (HOPMUPOBAHUEM MEPHOAMIECKUX YIaPHBIX BOIH
NP UCKKSHUHU Konebanuii. B To BpeMst Kak B MUKPOHHOM JIHAria30He OCHOBHOM (hakTop,
00ecreurnBatoIHii MOBbIIICHHE DPEKTUBHOCTH YIBTPa3BYKOBOW KOATYISIIHMK — 9TO BHX-
peBble aKycThdyeckue Tedenyst. [IpemioxenHas Moienb COCTOUT U3 TPEX YacTeu:

1. UtepannonHast KOHEYHO-3JIEMEHTHAs MOJEb PacyéTa HEIMHEHHO-UCKAKEHHBIX
MIPOCTPAHCTBEHHO HEOIHOPOAHBIX KOJIeOaHMH, UCHOIb3YIOIasl MeTof OOBEMHBIX HC-
TOYHMKOB HEJIMHENHBIX UCKAKEHUH B TPEXMEPHOM IPOCTPAHCTBE.

2. UtepanoHHasi KOHEUHO-3JIEMEHTHAsE MOJIeIb (POPMHUPOBAHHUS IPOCTPAHCTBEHHO
HEOIHOPOIHBIX BHUXPEBBIX aKyCTHYECKHX TE€UEHMH, MO3BOJSIONIAs PACCUUTATh TPEX-
MEpHOE pacrpeiesiecHHe CKOPOCTEH B 03ByYUBAEMOM 00BEME.

3. Mogenbs HpOCTPaHCTBEHHO HEOTHOPOMHON HBOJIIOLUHM KOHIIEHTPALWH YacTHIl,
OCHOBaHHAasl Ha TPEACTABICHHU KOHICHTPALMM a’po30Jisi B BujAe (DYHKIMH OT JBYX
(GyHKIUIT TOKa, BpEMEHH M THUIOpa3Mepa 4acTHI[ M3 JUCKpETHOro Habopa. JlaHHbIi
MOAAXOJ] TTO3BOJISIET COKPATUTh PAa3MEPHOCTD 3a1audl ¢ 4 10 3, TeM caMbIM Ha MOPSIAOK
MIOBBICHB CKOPOCTb YHCIEHHOIO pacyéra.

C MOMOIIBI0 MPEATIOKSHHON MOJETH MPOBEAEH YUCICHHBIN pacuéT 3(hheKTUBHO-
CTU KOAryJISILMK JUISl Pa3IM4HbIX KOH(Urypauuid GopMUPYEeMbIX aKyCTHYECKUX IMOJeH
(mmockasi akycTH4eckas BOJHA; c(OKYCHPOBAHHbBIE aKYCTHYECKHE KOJeOaHMs; pe3o-
HAHCHbIC HEIMHEHHO-CKaXEHHBIE KoeOaHus B €I0e, ChOPMUPOBAHHBIC MOPIIHEBBIM
U3JIyyaTesieM; Pe30HAHCHBIC HEIMHEHHO-MCKaXEHHBIE KoneOaHus B coe, chopMupo-
BaHHBIE M3TUOHO-KONEOTIOMUMCS H3ITydaTesieM).

Y CTaHOBIECHO, YTO HAHOOJBIIYIO 3G ()EKTUBHOCTD KOAry/SILIHH 00ECIeYnBaIOT KO-
nebaHus B cioe, ChOpMHUPOBAHHBIE H3THOHO-KOJIEOTIOMMMCS U3JIydaTeseM, 3a CUET
KOMIUIEKCHOTO BO3/ICHCTBHS HEMMHEHHBIX 3(Q(EKTOB HA Ka)JOW CTaluU KOATYJISLHH —
yIapHO-BOJTHOBOE BO3JECHCTBHME HAa HAYaIbHOHM CTaJuM, KOTOPOE CIIOCOOCTBYET MOBBI-
IIEHHUIO BEPOATHOCTH YKPYIHEHHSI CyOMUKPOHHBIX YacTHI[, 1 BUXPEBBIC aKyCTHUECKHUE
TEUCHHs, KOTOPBIC CIIOCOOCTBYIOT JIOKAIBHOMY YBEIMYCHHIO KOHLICHTpanuu chopMHu-
POBaHHBIX arJIOMEPaToOB MUKPOHHOT'O pa3Mepa 3a CUET HHEPLHOHHOCTH MOCIETHUX.
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THREE-DIMENSIONAL NUMERICAL MODEL OF AEROSOL COAGULATION
IN NONLINEARLY DISTORTED AND VORTEX ULTRASONIC FIELDS

V. N. Khmelev, A. V. Shalunov, R. N. Golykh

The three-dimensional numerical model of spatially inhomogeneous ultrasonic
coagulation of particles in nonlinearly distorted acoustic fields was proposed. The model
allows to calculate the efficiency of coagulation and the optimal modes and conditions of
exposure for a wide range of particle sizes from submicron to PM2.5. It was achieved by
taking into account a complex of influencing factors, each of which manifests itself to the
greatest extent for a certain range of particle sizes at the current time. So, in particular, in
the submicron range, the factor associated with the formation of periodic shock waves
during the distortion of oscillations has the greatest influence. While in the micron range,
the main factor providing an increase in the efficiency of ultrasonic coagulation is vortex
acoustic flows. The proposed model consists of three parts:

1. An iterative finite element model for calculating nonlinearly distorted spatially
inhomogeneous oscillations using the method of volumetric sources of nonlinear
distortions in three-dimensional space.

2. An iterative finite element model of the formation of spatially inhomogeneous
vortex acoustic flows, which makes it possible to calculate the three-dimensional
distribution of velocities in the sounded volume.

3. A model of the spatially inhomogeneous evolution of particle concentrations
based on the representation of the aerosol concentration as a function of two functions
of the current, time, and particle size from a discrete set. This approach allows us to
reduce the dimension of the problem from 4 to 3, thereby increasing the speed of
numerical calculation by an order of magnitude.

Using the proposed model, a numerical calculation of the coagulation efficiency for
various configurations of generated acoustic fields (plane acoustic wave; focused
acoustic oscillations; resonant nonlinearly distorted oscillations in the layer formed by a
piston radiator; resonant nonlinearly distorted oscillations in the layer formed by a
flexurally oscillating radiator) was carried out. .

It has been established that the highest efficiency of coagulation is provided by
oscillations in the layer formed by a flexural-oscillating emitter due to the complex
effect of nonlinear effects at each stage of coagulation - a shock-wave effect at the
initial stage, which increases the probability of enlargement of submicron particles, and
vortex acoustic flows, which contribute to a local increase in the concentration of
formed micron-sized agglomerates due to the inertia of the latter.
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