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KondepeHnusIHbIH MaKcaThl - TOKIpHOE amacy, FhUIBIMHBIH, TEXHUKA MEH OLJTIMHIH op TYpPJIi
cajlaylapblH/Ia €CeNTey JKOHE aKMapaTThIK TEXHOJIOTHUSJIApAbl KOJIJaHy CallaChIHAAFbl KETEKIi
MaMaHAapAbIH MACEeJIeNIepiH TalKbUIAY, Iprefi )KoHe KoJaaH0a bl MaTeMaTUKAIIBIK 3epTTeyIepIiH
KaHa HOTWXKEJEepIMEH TaHbBICY, COHJAN-aK XaJbIKapalblK FBUIBIMH JKOHE TEXHHUKAJIBIK
BIHTBIMAKTaCTBIKTHI KEHEHTY.

"Computational and Information Technologies in Science, Engineering and Education™
(CITech) xanbikapanbIK FEUIBIMH-TOXKIprOeniKk koH(pepeHusach Oail 1ocTypiepre ue xane 2002
KBUIIAH Oepi TYPaKTHI TYPAE OTKI3UIe .

Kondepenuust peceisiik >xoHE Ka3zaK FalbIMAAphl apachblHAA THIFBI3 BIHTHIMAKTACTHIKTA
YUBIMIACTBIPBUIIBI HKOHE HKAJIIBI TAIKBUIAY CAIACHI - €CENITEY TEXHOJIOTUSIIAPHI CaJlaChIH/IAFbl €H
03BIK keTicTikTep Oonabl. KoHdepenuus reorpaduscel KeiliHipek keHelin, enai oran Eypoma,
AKILL, Xamonwus, YHaictan xone TypKus eniepiHiH KeTeKIIi FalTbIMIapbl KaTbICA b

KondepenuusiuplH MakcaThl - KAaTbICYIIbLIAp apachblHAa >KaHa OUIIM MEH FBUIBIMU
KETiCTIKTep Il TapaTy 00JIbI TaObUTa b, by KOH(EPEHIMSHBIH epeKIIeNiTi )Kac FaTbIMIapabl €Ki
€JI/IIH JKETEKIN FhUIBIMU KBI3METKEPJICPIMEH ©3apa iC-KMMbBLI apKbLIbl FHUIBIMHU JKETICTIKTEPIH
Oaranayra Tapty Oomnbin TaObutaabl. CITech-ke kaTbicy Ka3ipri yakpITTa OCHI cajiajia MaHbI3IbI
3epTTeyJep OKYpri3ill JKaTKaH Kac FaJbIMIApIbIH KaybIMAACTBIFBIH  KaJBIITACThIPYFa
KOMEKTECE/I].

ClTech xondepenmusicel Anmarbiga (2002, 2004, 2008, 2015, 2020, 2022), ITaBnomapaa
(2006) xone Ockemenne (2003, 2013, 2018) etkizunai. ClITech koH(pepeHUMICHIH YHBIMAACTHIPY
KOHE OTKi3y VIIIH TYpPaKThl JOCTYpiepAl KaiublmracTbipyna HoBociOip FbUIBIMM MEKTEOiHIH
npodeccops 1. C. Cmarynos, H. T. Jlanaes, 0. U. [llokun, B. H. Monaxog, b. T. XKymaryios,
H. M. TemipOekoB >xoHe T. 0. FaJbIMIapiblH >KE€Ke JOCTBIK KapbIM-KaThIHACHI MaHBI3bI Pell
aTKapaipl.

ClTech-2022 xoHdepeHuunsCh Keneci Heri3ri OaFbITTap OOMBIHINA KYMBIC aTKap/Ibl:

e Ecenrey FpUIbIMIaPhI )KOHE KOFAphl OHIM/II €CENTeY;

Cananap OoifbIHIIIA aKTAPATTHIK )KOHE KOMMYHUKALUSIIBIK TEXHOJIOTHLIAP;
OyHKIUIIAP TEOPHCHI )KoHE (PYHKIIMOHAIBIK TaJaYy;
JuddepeHunaniplk TeHaEyIep KIHE 0acKapy TEOPUsICHI;

Anrebpa, MareMaTHKaJIbIK JIOTHKA 5KOHE T€OMETPUS;

AKTyapJIbIK MaTeMaTHKa *KoHE CTaTUCTHKA,

TeopusIbIK KoHE KOMTaHOATBI MEXaHUKA;

Fapbeimteik TeXHOMOTHSATIAp KOHE POOOTOTEXHUKAIIBIK KYHeEnep;

binim Gepyneri jkaHa aknapaTThIK TEXHOJIOTHUSLIIAP.
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COMPRESSIBILITY AND NON -EQUILIBRIUM MODIFICATION FOR k — w
TURBULENCE MODEL
G. A. Ashiroval?, A. O. Beketayeval?, A. Zh. Naimanova?

L Al-Farabi Kazakh National University, 71 Al-Farabi Avenue, Almaty, Kazakhstan
2Institute of Mathematics and Mathematical Modeling, 125 Pushkin Street, Almaty,
Kazakhstan
* ashirova@math.kz

Keywords: numerical simulation, Navier-Stokes equations, turbulence model,
compressibility effect, non- equilibrium modification.

The analysis of the problem of turbulence closure at high speeds with extensive subsonic zones was carried out.
It was revealed that using two-parameter turbulence models was insufficient. The main reason is that these models
were originally developed for incompressible flows, and then applied to compressible flows. Therefore, today there
is an active development of turbulence models taking into consideration compressibility. However, it should be noted
that the existing models have shown insufficient efficiency in solving certain problems associated with supersonic
flow.

A mathematical model of the spatial supersonic turbulent flow of a multicomponent gas mixture is formulated
based on three-dimensional Favre-averaged Navier-Stokes equations closed by a k—« model of turbulence.
Numerical algorithm based on a high-order accuracy ENO scheme is applied for numerical simulation of the
interaction of a jet with a supersonic flow [1].

Compressibility and non —equilibrium modification for k—e turbulence model [2] are proposed in this study.
A two-parameter k—e turbulence model is constructed giving consideration the compressibility effect, characterized

by taking into account the work of pressure forces G, pressure dilation 11, and the baroclinicity effect B,. The

Jones-Launder model [3] is considered for the term corresponding to the work of pressure forces G, based on a
hypothesis similar to the Boussinesq hypothesis, as well as the modified Shyy Krishnamurty model [4], which uses
the additional hypothesis that fluctuations of thermodynamic quantities are isobaric. For the pressure dilatation term

11, is considerered the Zeman model [5] based on Rott's assumption about the correlation between pressure

fluctuation and velocity fluctuation gradient for an incompressible fluid, as well as its modification proposed by
Sarkar. Turbulent diffusion is modeled by the known gradient representation [1]. And an additional hypothesis is
given for taking into account compressibility for turbulent quantities (generation and dissipation of turbulence), which
characterize the local equilibrium. Additional semi-empirical hypotheses are involved for closing compressibility
terms used in construction k—e turbulence model. The semi-empirical constants of the turbulence model are
determined by comparing numerical experiments with experimental data. The use of the k—« turbulence model,
giving consideration the effect of compressibility for turbulent parameters characterizing local equilibrium, predicts
the flow structure quite accurately and makes it possible to obtain a satisfactory agreement between the results and
the calculations of other authors.
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