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Cxembl TpeTbero nopagKa ¢ peKoHcTpykumamum ENO3 u PPM
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CBOMCTBA PEKOHCTPYKUUU cemeuctsa ENO

JluHelUHas cxema: annpokcMmMmauns + yCTOMYMBOCTb — CXOOAUMOCTb

O Harten A., Engquist B., Osher S. Chakravarthy S.R. Uniformly high-order accurate non-
oscillatory schemes. lll //J. Comp. Phys., 1987

... Due to the adaptive selection of stencil in the reconstruction step, the scheme (1.23b) 1s highly nonlinear; consequently the
use of the standard linear stability analysis is inappropriate.

... Such an instability usually exhibits itself by the production of increasing oscillations which start at the highest derivative
and propagate to the function itself. The numerical experiment in [16] shows that once these oscillations begin to appear on the
level of the highest derivative, the adaptive selection of stencil in (2.5b) reacts by changing the orientation of the stencil and
thus avoids the buildup of instability.

L Rogerson A.M., Meiburg E. A numerical study of the convergence properties of ENO schemes //
J. Sci. Comput., 1990

 Shu C.-W. Numerical experiments on the accuracy of ENO and modified ENO schemes //
J. Sci. Comput., 1990




CBOMCTBA PEKOHCTPYKUUU cemeuctsa ENO

u(x)
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Cxembl ENO B coueTtaHumn ¢ metogom PyHre-KyTTbl
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CBOMCTBA pPEeKOHCTPYKUUU cemencTtea ENO

CoxpaHsaoT nm cxembl cemenctea ENO MOHOTOHHOCTbL pelueHna?
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Cxembl WENO (Weighted Essentially Non-Oscillatory schemes)

O Liu X.-D., Osher S., Chan T. Weighted essentially nonoscillatory schemes //J. Comp. Phys., 1994

O Jiang G.-S., Shu C.-W, Efficient implementation of weighted ENO schemes // J. Comp. Phys., 1996
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Cxembl WENO (Weighted Essentially Non-Oscillatory schemes)

Q Jiang G.-S., Shu C.-W. Efficient implementation of weighted ENO schemes // J. Comp. Phys., 1996
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CpaBHeHue cxem ENO u WENO

RK3 with C,, -> O RK3 with C,, -> O
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PekoHcTpyKuua-orpaHnuymteno MP2

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)
Pp=0.5*(3.*Dp1-Dp2)
Pm=0.5*(3.*Dm1-Dm2)

Qp = Fmedian( Dp1, PO, Pp)

Qm = Fmedian( Dm1, PO, Pm)

Qbot = Fmedian( Qm, Qp, - Qm - Qp)

Qtop = Fmedian( Qbot, 2.*Dm1, 2.*Dp1)

Q5=(14.*P0-Dm2-Dp2)/12.

Pmed = Fmedian( PO, Pp, Pm)

Q6 = Fmedian( Q5, PO, Pmed )

Q6mod = DMAX1( 5. * DABS(Qp - Qm), DABS(Q6) )

Q6 = DSIGN( Q6mod, Q6 )

DS_MP2 = Fmedian( Q6, Qtop, Qbot )
END

u((x)
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MC limiter

O MC+ limiter
A UNO2
A —N MP2
exact solution
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PeKOHCTpYKUuMa-orpaHnuyurenb MP5

O Suresh, Huynh. Accurate monotonicity-preserving schemes with Runge—Kutta time stepping //J. Comp. Phys., 1997

MPS5 = 5th-order accurate Monotonicity-Preserving
FUNCTION DS_MP5( Dm2, Dm1, Dp1, Dp2)
Vint = (-2.D0*Dm2 + 11.D0*Dm1 + 24.D0*Dp1 - 3 D0*Dp2 )/ 60.DO
[ Vmp = Fminmod(Dp1, 400°Dm1) i
v (vt vmp) LE, 1010 THEN___ |

DS_MP5 = Vint

ELSE
Djm1 =Dm1 - Dm2
Dj =Dp1-Dm1
Djp1 = Dp2 - Dp1
aa = Fminmod( 4.D0*Dj - Djp1, 4.D0*Djp1 - Dj )
bb = Fminmod( Dj, Djp1)
DM4jph = Fminmod( aa, bb )
aa = Fminmod( 4.D0*Dj - Djm1, 4.D0*Djm1 - Dj )
bb = Fminmod( Dj, Djm1 )
DM4jmh = Fminmod( aa, bb )
Vul =4.D0 * dm1
Vav = 0.5D0 * dp1
Vmd = Vav - 0.5D0 * DM4jph
Vic = 0.5D0 * dm1 + DM4jmh / 0.75D0
Vmin = DMAX1( DMIN1( 0.DO, Dp1, Vmd ), DMIN1( 0.DO, Vul, Vic ) )
Vmax = DMIN1( DMAX1( 0.D0, Dp1, Vmd ), DMAX1( 0.DO, Vul, Vic ) )
DS_MP5 = Fmedian( Vmin, Vmax, Vint )

ENDIF

END
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FIG. 2.2. Monotonicity-preserving constraint (2.7) and (2.9).
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CpaBHeHue cxem ENO5, WENOS5 n MP5

RK3 with C,, -> O

ENO5

EEEEEEEER WENOS
—O—— MP5

3

0

10
RK3 with C__ -> O
107t ENO5
EEEEEEEER WENOS
—©®— MP5
1072
1073
1074
107
10°®
-7
10 —
10t 10? 10°

U(X)

U(X)




CpaBHeHue cxem ENO5, WENOS5 n MP5

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

MapameTpbl TECTOBOW 3a4a4K:
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CpasHeHue cxem WENOS5 u MP5

TecToBas 3agada o0 AMaroHanbHOM NEPEHOCE U30IHTPONMNYECKOIO BUXPS

[naroHanbHbIN NepeHoc
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[orpeLLHoCTb pacyeTa no HopMme L, Ans pasnuyHbIX
METOAO0B B 3aBUCMMOCTW OT CETOYHOIO pa3peLleHna

HR: CFL=0.9
RK3: CFL=10.6
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CpasHeHue cxem WENOS5 u MP5

TecTtoBasg 3agadya 0 AgMaroHanbHOM MNeEPEHOCE N30IHTPOMMNYECKOIO BUXPS
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CpaBHeHue cxem ¢ peKoHcTpyKumnamm WENOS n MP5

[naroHanbHbIM NEPEHOC HECTALMOHAPHOIO NOTOKAa (MEpUoanNYecKoe TeYEHNE)

[naroHanbHbIN nepeHoc
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[epuoanyeckoe pacnpeaeneHne NNoTHOCTW U 1aBMNEHs

p(x,y)=1+8psin(27zx/10)sin(2zy /10)
p(x,y)=p(x,y), op =0.025

107" Ax (=Ay) 10°

MorpeluHocTb pacyeTa no Hopme L, Ans pasnuyHbIx
METO/I0B B 3aBMCUMOCTM OT CETOYHOTO pPa3peLLeHus
HR: CFL=0.9

RK3: CFL=10.3
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CpasHeHue cxem WENOS5 u MP5

TecToBagd 3agaya 0 gmaroHasbHOM NepeHoce N30IHTPOMNYECKOro BUXPS
Pac4yeTbl Ha KPpUBONMHENHOW CETKe
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Pa3pbiBHbIM meTog NanepkuHa (Discontinuous Galerkin method = DG method)

BasoBble paboTbl N0 pa3pbiBHOMY MeToay [anepknHa

» Pacuet nepeHoca HENTPOHOB

Los Alamos Scientific Laboratory, 1973

O Reed W.H., Hill T.A. Triangular mesh methods for the neutron transport equation // Tech. Report LA-UR-73-479,

» PelueHne ypaBHEHUI ra3zoBOMN AUHAMMUKN

a

a

Cockburn B., Shu S.-W. TVB Runge-Kutta local projection discontinuous Galerkin finite element method for
conservation laws II: general framework // Math. Comput., 1989

Cockburn B., Lin S.-Y., Shu S.-W. TVB Runge-Kutta local projection discontinuous Galerkin finite element
method for conservation laws IlI: one dimensional systems // Math. Comput., 1989

Cockburn B., Hou S., Shu S.-W. The Runge-Kutta local projection discontinuous Galerkin finite element method
for conservation laws IV: the multidimensional case // Math. Comput., 1990

Cockburn B., Shu S.-W. The Runge-Kutta local projection P!-discontinuous-Galerkin finite element method for
scalar conservation laws // Math. Model. Num. Anal. , 1991

Cockburn B., Shu S.-W. The Runge-Kutta discontinuous Galerkin method for conservation laws V:
multidimensional systems // J. Comput. Phys., 1998
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Pa3pbiBHbIM meTog NanepkuHa (DG method)

ba3oBble 3N1eEMEHTbI METOAA MPUMEHUTENBHO K PELLIEHUKD HENTMHEWHOIO YpaBHEHUSA
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ot Ox
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Pa3pbiBHbIM meTog NanepkuHa (DG method)

ba3oBble 3NeMEHTbI METOAA MPUMEHUTESNBHO K PELLIEHUIO HENMMHEWHOIO YpaBHEHUSA

O O Uu. Uu. Uu. U, U,
OQHOMEPHLIN cnyyaii: “ + J () =0 —e 2 o ML ML M i .
ot 0Ox
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ou, |
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od® 60 S 720
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Pa3pbiBHbIM meTog NanepkuHa (DG method)

ba3oBble 3NeMEHTbI METOAA MPUMEHUTESNBHO K PELLIEHUIO HENMUMHEWHOIO YpaBHEHUSA
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O PoduoHoe A.B. O cxemax Tvna MUSCL u pa3pbiBHoM meToge ManepkuHa // NpenpuHT POALI-BHUNI® Nel14, 2015
O PoduoHoe A.B. O B3anmocBs3uM pa3pbiBHOro metoaa fanepkunHa co cxemamm MUSCL-Tuna // Mat. Mogen., 2015
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TecTtoBas 3agaya 0 ABOMHOM MAaXOBCKOM OTPaXXeHuu

O Zhong X., Shu S.-W. A simple weighted nonoscillatory limiter for Runge-Kutta discontinuous Galerkin methods // J. Comput. Phys, 2013
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