Cxewmbl Tuna logyHoBa B BbIYUCIINTENIbHOW ra30BON AMHAMUKE

V. PEKOHCTPYKUUN-OrpaHNYUTENN: BbIXOA 3a KpacHble donakku
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O6nactb cywecrBoBaHua TVD-cxem

O Sweby P.K. High Resolution Schemes Using Flux Limiters for Hyperbolic Conservation Laws // SIAM J. Numer. Anal., 1984
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Cxembl Jlakca-Bengpodda, Ppomma n YopmuHra-buma
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Cxembl Jlakca-Bengpodda, Ppomma n YopmuHra-buma

YncneHHoe pelleHne TMHENHOro YPaBHEHMA NepeHoca:
CTyneH4yaTo-nepuoanyeckan GyHKUmaA u(x) c rnagkmm npopunem
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PeKkoHcTpyKumua-orpaHmnuutenb MC

O van Leer B. Towards the ultimate conservative difference scheme: IV. A new approach to numerical convection
// ). Comp. Phys., 1977

MC = monotonized central-difference limiter

n3 kHurn: LeVeque R.J. Finite volume methods for hyperbolic problems, Cambridge University Press, 2002
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PeKOHCTpyKUUa-orpaHnuutenb minmod

O Konzan B.I1. NMpumeHeHne NPUHLMNE MUHUMANbHbIX 3HaYE€HUI NPON3BOAHbIX ... // YueHble 3anucku LATU, 1972
O OsherS., Chakravarthy S. High Resolution Schemes and the Entropy Condition // SIAM J. Numer. Anal., 1984
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PeKoHCTpyKLUuA-orpaHmMuuTtenn superbee

O Roe P.L. Some contributions to the modeling of discontinuous flows // Lect. Notes Appl. Math., 1985
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:{Q if r<0.
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PeKoHcTpyKuuun-orpanununtenm MC, minmod u superbee

YncneHHoe pelleHne TMHENHOro YPaBHEHMA NepeHoca:
cTyneHyaTaa GyHKUmMA u(x) ¢ paspbiBom npodpuns
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PeKoHcTpyKuuun-orpanununtenm MC, minmod u superbee

YncneHHoe pelleHne TMHENHOro YPaBHEHMA NepeHoca:
CTyneH4yaTo-nepuoanyeckan GyHKUmaA u(x) c rnagkmm npopunem
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PeKoHcTpyKuuun-orpanununtenm MC, minmod u superbee

YncneHHoe pelleHne TMHENHOro YPaBHEHMA NepeHoca:
CTyneH4yaTo-nepuoanyeckan GyHKUmaA u(x) c rnagkmm npopunem
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PeKOHCTPYKUMn-orpaHnumntenu saH Jinpa n saH Anbbaapli

O van Leer B. Towards the ultimate conservative difference scheme: IV. A new approach ... //J. Comp. Phys., 1977

O van Albada G.D., van Leer B., Roberts W.W. A comparative study of numerical methods ... // Astron. Astrophysics, 1982
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MapameTpuuecKkme PpeKOHCTPYKLUN-OrpaHNYnTEeNmn

MapameTpuyeckme PeKOHCTPYKLMN-OrpaHnyYmnTenn Ha 6ase orpaHnymntTenen
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TecTtoBas 3agaya 0 ABOMHOM MAaXOBCKOM OTPaXXeHuu

O Woodward P.R., Colella P. The numerical simulation of two-dimensional fluid flow with strong shocks // Journal of
Computational Physics, 1984

[locTaHOBKa 3aaun
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TecTtoBas 3agaya 0 ABOMHOM MAaXOBCKOM OTPaXXeHuu

Pesynbrathl pacyeta 3agadn metogom HR ¢ pewarenem 3agayn PumaHa HLL
N OBYMSA PEKOHCTPYKUMAMU-OrpaHnunTenamm Ha cetke ¢ Ax=Ay=1/480

N30nnMH1UM NNOTHOCTU

orpaHuuunTens MC

orpaHnymTens minmod




PeKOHCTPYKLMA NO XapaKTePUCTUUECKUM NepeMeHHbIM

B nuHenHom I'IpI/I6J'II/I)KeHI/II/I OAHOMEPHbIE YPpaBHEHUA ra3o0BOW AMHaMWKM CBOASITCS K COOTHOLLEHMSIM BOOSb
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TecTtoBas 3agaya 0 ABOMHOM MAaXOBCKOM OTPaXXeHuu

Pesynbrathl pacyeta 3agadn metogom HR ¢ pewarenem 3agayn PumaHa HLL
N pekoHCTpykKumen-orpaHnumtenem MC Ha ceTke ¢ Ax= Ay=1/480

N30nmMHMM NnNOTHOCTU
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PEKOHCTpYKLI,VIFI MO XapPaKTepuctnyeCKkmm nepemeHHbImMm

Toro E.F. Riemann solvers and numerical methods for fluid dynamics, 3-rd edition. Springer-Verlag, Berlin, 2009

LeVeque R.J. Finite Volume Methods for Hyperbolic Problems. Cambridge University Press, 2002

Kynukoeckutii A. TI., lNo2zopenoe H. B., CemeHos A. 0. MaTtemaTu4ecKkme BONpPOCbl YUC/IEHHOTO pPeLleHmns
runepbonnyecknx cmctem ypasHeHun. duamatant, Mocksa, 2001

van Leer B. Upwind and High-Resolution Methods for Compressible Flow: From Donor Cell to Residual-Distribution
Schemes (Review Article) // Commun. Comput. Phys., 2006

Reconstruct linear subcell distributions of a complete set of state variables; these

may be the conserved variables p. pu, pE. In practice, though, it is not such a good

idea to use pE, which must remain greater than pu?/2; independent interpolation of

p, pu and pE does not guarantee this. Better use p, pu, p, or even primitive variables
.u,p: call the latter set W.

Variation 2: instead of the primitive variables you may use the characteristic variables
V5. in the predictor step, which actually are the most appropriate choice when gradient
limiting is expected. They also give the “cleanest” results. Consult me.
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Ycnosue COXpaHeHNA MOHOTOHHOCTU peLlueHun

1 lodyHoe C.K. Pa3HOCTHbI MeToA, YNCAEHHOro pacyeTa pa3pbiBHbIX PelleHUn ypaBHeHUN rugpogmMHamuku // Mar.
cbopHMK, 1959

CxeMbl, COXpaHsoLme JInHenHas cxema, coxpaHsioulas CxeMbl, COXpaHSoLLINE
MOHOTOHHOCTb peLIJeHI/Iﬂ, He NMOo3BOJ1deT

nepeBecTn napabony B napabony

MOHOTOHHOCTb peLlEHNA
B KJ1acce JIMHENHbIX CXEM:

MOHOTOHHOCTb peLleHns
B knacce TVD-cxewm:

CXeMbl NepBOro nopsaka u
annpokcumMaumm

VVVVVVYVYY

CXEeMbI NepBoOro nop4aaka
arinpokcnMmauuu

CXeMbl BTOPOro nopsigka

annpokcMmauum n Bbllle

(KpoMe OTAENbHbIX TOYEK
BOGNM3M SKCTPEMYMOB)

CXEeMbl BTOPOIro nopdaaka
arinpokcnMmauum " Bbllle

HennHenHaa cxema, yooBneTBopsAoLad VvyvVvVyVVYVYY
TVD-ycnoButo, He NO3BONSET NepeBecTr CXEMbI BTOPOrO MOpsiAKa
napabony B napabony annpoKcMaLumnn 1 Bbille
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BanaHune TVD-orpaHnuutenem Ha TOYHOCTb peLueHusn

YncneHHoe pelieHne IMHENHOro ypaBHEHMA NepeHoca:
CTyneH4YaTo-nepunoanyeckasa pyHKUMA u(x) c rnagkum npodpunem

MC limiter
Fromm

PPM

PPM (base)

10t

107
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[NapameTpbl TECTOBOM 33434M:
a=1, t=10, Cyp =0.25

O Woodward P.R., Colella P. The numerical simulation of two-dimensional fluid flow with strong shocks //
J. Comp. Phys., v.54, 115-173, 1984

L Colella P., Woodward P.R. The piecewise parabolic method (PPM) for gas-dynamic simulations //
J. Comp. Phys., v.54, 174-201, 1984
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BpoxXaeHHbiU gedeKT TVD-peKoHCTPYKUUM

HeobxoammocTb nepexoaa Ha NSTUTOYEYHYI0 PEKOHCTPYKLINKD

B cxemax Tuna MUSCL (BToporo nopsagka TOMHOCTW)

|. PEKOHCTpyKUMA B crny4vae
MOHOTOHHOM PYHKL MK

[l. PekoHCTpyKUMA B cny4vae
HEMOHOTOHHOW rnaakon yHKUum

ul
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i+l
X
ul
1-1
i+l
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Cxema (peKoHcTpyKuua-orpaHmnumtens) UNO2

O Harten A., Osher S. Uniformly high-order accurate nonoscillatory schemes. | // SIAM J. Numer. Anal., 1987

dopmyna anga pacydeta npupawieHun PyHKUUM B j-OU
aYenke:

Aui = mlnmod(um —Uu, — di+1/2’ u, —u; + di—l/Z)

rae  diqp BTOpble pPasHOCTU (annpPOKCUMUPYIOT

BTOPYIO MNPOM3BOAHYIO (PYHKUMN C TOYHOCTbIO [0
MHOXUTENS 1/AX?); BbIMMCNAOTCS Kak

dip = mland(ui+2 —2u;, +u, uy, —2u, + ui—l)

d._,,= mmmod(ui+1 —2u, +u,_, u, —2u,  + ui_z)

* % %

UNOZ2 = Uniformly 2nd-order accurate Non-Oscillatory

ul
N
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i-1 b i+2
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PekoHcTpyKkuuu-orpaHnumutenm viP2 nu MC+

O Huynh H.T. Accurate upwind methods for the Euler equations // SIAM J. Numer. Anal., 1995

MP2 = 2nd-order accurate Monotonicity-Preserving

FUNCTION DS_MP2( Dm2, Dm1, Dp1, Dp2 )

P0O=0.5"(Dm1+Dp1) PekoHcTpyKumsi-orpaHmuntens MC:
Pp=0.5%(3.*Dp1-Dp2)
MC . .
Pm=05*(3.*Dm1-Dm2) Au. = minmod| Au.,2minmod( Aw. .., Au.
i i’ i-1/2° i+1/2
Qp = Fmedian( Dp1, PO, Pp)
Qm = Fmedian( Dm1, PO, Pm) PekoHcTpyKuus-orpaHmnymtens MC+:
Qbot = Fmedian( Qm, Qp, - Qm - Qp ) MC+ . . _ n
Qtop = Fmedian( Qbot, 2.*Dm1, 2.*Dp1) (A”z' ) = mland[Aui ,2minmod (Aui—1/2 AU, )]
Q5= (14.* PO -Dm2-Dp2 )/ 12.
Pmed = Fmedian( PO, Pp, Pm ) rne )
Q6 = Fmedian( Q5, PO, Pmed ) Au Aui_l/z , if AuiAui_l >0
Q6mod = DMAX1( 5. * DABS(Qp - Qm), DABS(QS6) ) Ui 1 =9 :
Q6 = DSIGN{ QBmod, Q6 ) \Au, ,, —0.5Au,_, , if AuAu, <0
DS_MP2 = Fmedian( Q6, Qtop, Qbot ) 4 .
END Ayt Au,, if AuAu,,, =20
i+1/2 .
(Au,,, —0.5Au,,, , if AuAu,, <0

 Rodionov A.V. On the use of Boussinesq approximation in turbulent supersonic jet modeling //
Int. J. Heat Mass Transfer, 2010
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Cxembl BTOpPOro nopaakKa ¢ peKoHctpykumamm UNO2, MP2 n MC+

YncneHHoe pelleHne TMHENHOro YPaBHEHMA NepeHoca:
CTyneH4yaTo-nepuoanyeckan GyHKUmaA u(x) c rnagkmm npopunem
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[MapameTpbl TECTOBOM 3a4a4M:
a=1, t=10
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Cxembl BTOpPOro nopaakKa ¢ peKoHctpykumamm UNO2, MP2 n MC+

YncneHHoe pelleHne TMHENHOro YPaBHEHMA NepeHoca:
cTyneHyaTaa GyHKUmMA u(x) ¢ paspbiBom npodpuns

107
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Remi Abgrall Rémi Abgrall *', Mohamed Mezine

Rémi Abgrall (born 1961) is a French applied mathematician. He is known for his contributions in
computational fluid dynamics, numerical analysis of conservation laws, multiphase flow and Hamilton-
Jacobi equations.[J[2] He has been editor in chief of the Journal of Computational Physics[3] since 2015
and is part of the editorial board of several international scientific journals. In 2014 he was invited
speaker at the International Congress of Mathematics[¥] in Seoul. He is author of more than 100
scientific papers published in international scientific journals.l3! He is editor of 4 books(®l[7l[81(9] anqd

author of one book[1% on advanced topics concerning computational fluid dynamics, high-resolution
schemes and conservation laws.
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