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Cratbsl MOCBSIIECHA ONMMCAHUIO METOJUKH MOJICIMPOBAHUS TCUCHUI KUAKOCTH B TPOWHHUKOBBIX COETUHEHHUIX TPYO
KBaJIpaTHOTO CEYEHHs, OCHOBAHHOI Ha YMCJICHHOM pEIIeHHH TpexMepHbIX ypaBHeHuil HaBbe — Crokca. B pamkax
METO/IMKH PEIICHHs JaHHbIX YpaBHEHHH NPUMEHSETCSI COBPEMEHHBIN MOJX0J K MOAEINPOBAHUIO TypOyJIeHTHOCTH
— 30HHBIH EARSM-LES noaxox, B KoTopoM B 00JacTsX MHTEHCHBHOTO BHXPEOOpa3oBaHMs, U IJie HEOOXOANMO
YBEJIMYUTH TOYHOCTh TI0JIy4aeMoro pelieHus1, ucross3yercss LES Monens TypOyneHTHOCTH, B OCTalIbHOM 00sacTh
HCTIOJIB3yeTCsl MOJeNnb pelHobacoBbx HampspkeHuin EARSM. B monemn EARSM monenmpyeTcs mepeHOC Bcex
KOMITOHEHTOB TEH30pa PEHHOIBICOBCKHX HANpPsDKCHWH, YTO NPUBOAWMT K YBEIMUCHHIO TOYHOCTH IIPU pacdere
CIIOKHBIX TEYEHHH, B YaCTHOCTH, TECUCHMH BONW3M IBYTPaHHBIX YIIOB. B craree mnpuBOOWTCS OmMMCaHWE
MaTeMaTU4YEeCKOW MOJIEH, B OCHOBE KOTOPOH JIexKaT ocpeqHEHHbIE 10 PeliHonbaCcy TpéxMepHble ypaBHeHUs HaBbe —
Crokca, a Takke ypaBHEHHUS HcHoib3yeMoirn ruOpumnHoit momenu EARSM-LES. B cratee mpoBeneHO cpaBHEHHE
HCTIOJB30BaHUs Pa3HBIX 0a30BBIX Moxeneit, Takux kak EARSM u SST, B RANS-LES monxozae st TpeXMepHBIX
3a/1a4, CoJAepXKaluX AByrpaHHeie yribl. I[lokasaHo, uto monenb EARSM paer yBenuueHwe TOYHOCTH, IO
cpaBHeHHIO ¢ SST, uTO OOBSCHAETCS y4eTOM B HeH aHHM3OTPOIHOCTH TEH30pa PEHHOJBICOBCKUX HANpsDKEHU,
npoduiIyM CKOpPOCTH M KOMIIOHEHTHI TEH30pa PEHHOJBICOBBIX HampsbkeHnd mo mozaenn EARSM mpexpckazaHb
HaMHOTO TouHee, 4yeM 1o SST. bnaromaps atomy, moaens EARSM-LES B urore paet pe3ynpTaTsl U [0 CKOPOCTH, U
M0 KOMIIOHEHTaM TeH30pa Jydiie, yem Monenb SST-LES.

Jns MopenupoBaHWs 3alay, NPEICTABICHHBIX B JAHHOW, HCIIOJB30BAJICS POCCHICKUHA MaKeT MNporpaMm
BBIYUCITUTENIHHON THAPOJMHAMUKY U HHXXeHepHoro aHanu3a JIOI'OC.

Knrouegvie cnosa: uucieHHoe MopenupoBaHue, ypaBHeHus Hasbe-CTokca, TypOYyJEHTHOCTb, MakeT IpOrpamMm
JIOT'OC, TpOWHUKOBBIE COSAMHEHUS
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In the article the description is given of the new technique for fluid flow simulation in T-joints of square pipes,
based on the numerical solution of the three-dimensional Navier-Stokes equations. As part of the methodology for
solving these equations, a modern approach to modeling turbulence is used - the zonal EARSM-LES approach, in
which in areas of intense vortex formation, and where it is necessary to increase the accuracy of the solution
obtained, the LES turbulence model is used, in the rest of the area the Reynolds stress model EARSM is used. The
EARSM model simulates the transfer of all components of the Reynolds stress tensor, which leads to an increase in
accuracy when calculating complex flows, in particular, flows near dihedral angles. The article describes a
mathematical model based on the Reynolds-averaged three-dimensional Navier-Stokes equations, as well as the
equations of the EARSM-LES hybrid model used. The comparison of the use of different basic models, such as



EARSM and SST, in the RANS-LES approach for 3D problems containing dihedral angles. It is shown that the
EARSM model gives an increase in accuracy compared to the SST, which is explained by taking into account the
anisotropy of the Reynolds stress tensor in it, the velocity profiles and components of the Reynolds stress tensor
according to the EARSM model are predicted much more accurately than using the SST. Due to this, the EARSM-
LES model ultimately gives better results in terms of velocity and tensor components than the SST-LES model.

The Russian software package for computational fluid dynamics and engineering analysis LOGOS was used to
simulate the tasks presented in this paper.
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