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A.B Aitzhan, M.K Inkarbekov, A. Kaltayev

AN UNSTRUCTURED DISCONTINUOUS GALERKIN SOLVER FOR LARGE EDDY
SIMULATION OF REACTING TURBULENT FLOWS

(Republic of Kazakhstan, Almaty, Al-Farabi Kazakh National University)

Turbulence is one of the most important flow regimes of fluid. There are many opportunities to observe
turbulent flows in our everyday surroundings, whether it be smoke from a chimney, water in a river or
waterfall, or the buffeting of a strong wind. In observing a waterfall, we immediately see that the flow is
unsteady, irregular, seemingly random and chaotic, and surely the motion of every eddy or droplet is
unpredictable [1]. However, turbulent flow is one of the difficult and not resolved phenomena of classical
and modern physics. Moreover, in engineering purposes people have to deal with turbulence somehow. One
of the most optimal approaches for turbulent follow modeling is Large Eddy Simulation (LES), which was
initially proposed in 1963 by Joseph Smagorinsky [2]. Large Eddy Simulation involves spatial filtering of
Navier-Stokes equations and their application [3]. This turbulence approach could be successfully used for
reacting flows. Another question is how (o compute such problems? Most used numerical methods of partial
differential equations are FDM (Finite Difference Methods), FVM (Finite Volume Methods), FEM (Finite
Element Methods). In recent years in significantly developing is Discontinuous Galerkin method (DG).
Discontinuous Galerkin method is combination of Finite Volume and Finite Element methods [4] and hence
inherited properties of both methods: stability and high accuracy. One can use DG with structured and
unstructured mesh. It is possible to solve problem with complex geometry using unstructured mesh, and
hence there is a wide application of such methods. In this study, we apply Discontinuous Galerkin method on
unstructured meshes for Large Eddy Simulation of turbulent reacting flows. Unstructured DG provides
highly accurate solution of partial differential equations while LES accurate models turbulent flows, and
therefore a combination of LES-DG is excellent for highly accurate computation of turbulent reacting flows.

! S. B. Pope Turbulent flows, I-st edition, Cambridge University Press, 2000, 773 pages.

2 Smagorinsky, Joseph (March 1963). "General Circulation Experiments with the Primitive Equations”. Monthly
Weather Review 91 (3): 99-164.

3 P. Sagaut, Large Eddy Simulation for Incompressible Flows An Introduction, 3-rd edition, Springer- Verlag
Berlin Heidelberg ,2006, 574 pages.

4 J S Hesthaven, T. Warburton Nodal Discontinuous Galerkin Methods Algorithms, Analysis and Applications.
Springer 2008, 502 pages.
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BepoaTHO, Hanbonee BAKIILIM HCTOUHIKOM BO300HOBNAEMON HEPrHN ABASETCA CONHUE. COHHCHH&H’
IHCPrUa MOKeT GLITh HCMOJBL30BAHA B KAUCCTBE WCTOUHHKA HH3KONOTEHIHATBHOIO TENna Al TennoBbIx
nacocos. Ceroani conHeuHblit Tenmoroil nacoc mpamoro pacwmpenns (CTHIP) akvupHo li{)"qaﬂCﬂ
MHOPHMH YdetibIMy 3anaHuIN CTPal H BocTouHoli A3HH U HCIIONL30BAHNS B ONPECHEHHH MOPCKOH BOJLbI
BC, oronjienys KOTTCKCH M KOHAULHOHHPOBAHHA po3ayxa, oGorpesa TeriMu 1 T. a. Tem He menee, B
crpasax CHT, rmouas KasaxcraH, 3TOi cHETEME He ObL10 YaeneHo HHKakoro BHUMaHus. [1py npasHabHOH
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