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3agava PumaHa gna ypaBHeHMU ra3oBOU ANHAMMUKU

Godunov scheme
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Ob6wme csoncTBa NpUbAMIKEHHDbIX pewiaTtenen 3agaum PumaHa

|. [MpOTMBONOTOYHOCTL (MPOTMBOMNOTOKOBOCTL) CXEMbI
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Cnepcteue: yHkumna FRS (Ug, U, ) He obnagaeT cBOMCTBOM KOMMYTaTUBHOCTH, T.e. FRS (Ug, U,) # FRS (U, Ug).

Mpumep: pyHkumna F(Ug, U,) = 0.5-[ F(U,)+F(Ug) ] He obecneunBaeT CBOMCTBO COXpaHEHUS MOHOTOHHOCTH
peLleHnsa (B NIMHENHOM CJlydae) U He COYeTaeTCs C NepBbIM NOPSAAKOM annpoKCcumauun rno BpeMmeHn (BTopou
NOpPsAO0K MO NPOCTPAHCTBY — HEYCTOMYNBOCTb CXEMbI).



Ob6wme csoncTBa NpUbAMIKEHHDbIX pewiaTtenen 3agaum PumaHa

ll. CooTBETCTBME TOMHOMY peLuaTento cxembl [ogqyHOBa B IMHENHOM NpUoNmxeHnn
(MHTEHCMBHOCTbL Ha4yasibHOro paspbiBa HEBESNKaA)

B Criyuae peLLeHms NMHEIIHOro ypasHeHms neperoca: % n a@_u _0 = Ou n of () _ 0, f=au.
Ot OX Ot Ox
au,, eciu a >0,
fu, u,) = => f(u,,u,)=0.5-(a+ |a|)uL +0.5-(a—- |a|)uR
au,, ecna a <O.
S (upup) = 0.5 f(u)+ f(ug)] = 0.5|a| (uy —u,)
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e npaBble cobeTBeHHble BekTopa Matpuubl A: K, K@, K@,
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e npoekuusi pasHoctmUna K: U, -U, = Zal.K(l).
i=1
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Ob6wme csoncTBa NpUbAMIKEHHDbIX pewiaTtenen 3agaum PumaHa

[ll. CooTBETCTBME TOYHOMY peLlaTento cxembl [ogyHOBa B crnydae pacyeta
OOWHOYHbIX Pa3pblBOB: CKAYKOB YMNIOTHEHUA U KOHTAKTHbIX NOBEPXHOCTEN

[ToBepxHOCTK pa3pbiBa B ra3oBOU AMHAMUKE:

yaapHas BOJIHa KOHTaKTHas NnoBepXHOCTb
t4 £
x/t = u+a x/t = u+ta
. D v D 1/2
Pa3mblBaH1e yapHOW BOMHbI: E ~ const Pa3mblBaHMe KOHTAKTHON NOBEPXHOCTY: E ~n '~

CBoICcTBO cxembl [oayHOBa: B criyvae, Koraa paspbiB HENOABMXXEH OTHOCUTENTbHO CETKM
(B NSTOCKOCTU Xt OH OPUEHTUPOBAH CTPOro BEPTUKAIIbHO) ero pasmMbliBaHUs HE NPOUCXOOUT.




Pewartensb (cxema) Poy

L Roe P. L. Approximate Riemann solvers, parameter vectors and difference schemes // J. Comp. Phys., 1981

Roe solver WIKIPEDIA

The Free Encyclopedia

The Roe approximate Riemann solver, devised by Phil Roe, is an approximate Riemann solver based
on the Godunov scheme and involves finding an estimate for the intercell numerical flux or Godunov

flux Fi+l at the interface between two computational cells U; and U;y1, on some discretised space-
2
time computational domain.

U, 0F(U)_, __ dU zaU_,
ot ox ot Ox

B KOTOpOM MaTpuua A obecneunsaert soinonHene yenoeust F(U,)-F(U,)=A(U,-U,).

YpaBHEHUN Bnnepa 3annucbiBalOTCAa B KBA3UNMHENHOM BUAE

® COBCTBEHHbIE 3HAYEHUS U COBCTBEHHbIE BEKTOpA MaTPULbl A BbIpaXaloTcs Yepes ocpeaHEeHHbIE BENNYUHDI
O, U+l Prlhy 5 o, H, +\p.H, (CKOPOCTb, NOMHas dHTaNbNUA U CKOPOCTb 3BYKA):

NN N —
d:\/(y_l)( 7 12) FRS(UL,UR)=O.S[F(UL)+F(UR)]—O.SZ‘/II.‘&Z,KU>
i=1 7




Pewarenb (cxema) Poy

lIl. CooTBETCTBME TOYHOMY peluaTento cxembl [oayHoBa B crnydae pacyetra OaANHOYHbIX pa3pbiBOB

COOTHOLLIEHME Ha OAMHOYHOM Pa3pbIBE: F(UR) — F(UL) = S(UR - UL)

~

Onpepnenenne Matpuusl A B pelatere Poy: F(U,)-F(U,)=A(U,-U,)

yaoapHas BonHa npu Mg = 3 KOHTaKTHasa NOBEPXHOCTb Npu p, / pg =4
(napameTpbl rasza B obnactax2un 3: U =U)) (Bobnactm2:U=U;Bobnacn3:U=U) g



Pewartensb (cxema) Poy

TecTtoBag 3agadva Coga (Sod’s test problem)

HavanbHble gaHHble (= 0) Bobrnactn x<0.5: u=0, p=1, p=1;
Bobnactux>0.5: u=0, p=1/8, p=1/10.

!
o
o

t =0.2, N = 100, C

CFL

rarefaction
wave

contact
discontinuity

exact solution
Godunov scheme
Roe scheme

> o




Pewartensb (cxema) Poy

MoandomumnposaHHas 3agada Coga

HavanbHble gaHHble (f = 0) B obnactn x<0.5: u=0.75, p=1,
B obnactu x > 0.5:

p=1,

u=0, p=1/8, p=1/10.

raref;
wai

notion
=)

0.2, N = 100, C

CFL

0.

9

contact
discontinuity

> 4

exact solution
Godunov scheme
Roe scheme

10



Pewartensb (cxema) Poy

Ckadku paspexeHus n aHTponunHasa koppekumsa (entropy fix)

CooTHoLweHve Ha ckauke ynnoTennst: F(U,)—F(U,)=S(U,-U,)
CooTHoweHue Ha ckadke paspexenns: F(U,)-F(U,)=S(U, -U,)

\tA £
uL_aL u*L_a*L ’:
rarefaction . rarefaction
wave '-' wave
2
3
sw
4
>
X 0

L Harten A. High resolution schemes for hyperbolic conservation laws // J. Comp. Phys., v.49, 1983
O Harten A., Hyman J.M. Self adjusting grid methods for one—dimensional hyperbolic ... // J. Comp. Phys., v. 50, 1983
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Pewartensb (cxema) Poy

MoandomumnposaHHas 3agada Coga

HavanbHble gaHHble (f=0) B obnactn x<0.5: u=0.75, p=1, p=1;
Bobnactux>0.5. wu=0, p=1/8, p=1/10.

rarefaction t=0.2, N = 100, C = 0.9

CFL
wave

contact
discontinuity

exact solution
Godunov scheme
Roe scheme + E-fix

> o

0 0.2 0.4 X 0.6 0.8 1



Pewartenb (cxema) HLL

Sw o
ToYHbIV pellaTenb 3aga4yn Pumana
N3 KOTOPbIX MOXET ObITb NMB0 yaapHOW BOMHOW, NMMOO BOMHOMN

pa3peXeHnst) U KOHTaKTHbIA pa3pbiB.
Pa3pbiB Takke pacnagaeTcsa Ha TPU BOJSTHbI, HO BOMHA pa3pexeHuns

Pa3prB pacnagaeTtcd Ha TpUu BOJIHbI. ABE aKyCTUYECKMNE BOJIHbI (|<a>|<,u,a$|

Q=Q..| ! 0=Q.
2| ; B P P
= H ewlarenb Poy
QL ’1 =QR
1 ! 4
1 3aMEHSIETCS CKaYKOM pa3peXeHus.
c; X
O Harten A., Lax P. D., van Leer B. On upstream differencing and Godunov-type schemes for ... // SIAM Review, 1983
tA
\ / Pewarens HLL
x/t=S_ x/t=s_
Pa3pbiB pacnagaetcs Ha ABe BOMHbl, CKOPOCTU KOTOPLIX (Sg U S|)
—F N3BECTHbI (BbIYMCIEHLI 3apaHee). KOHTaKTHbIN pa3pbiB OTCYTCTBYET.
263 CooTHoLLeHWsi Ha npasom u nesom paspbiBax: F, —F. =S, (U, —U.)
=U, =Ug FE.-F =5, (U,-U
1 4 o SF, =S 45,8, (U, ~U,) =00
> S, -8, 13
0 X




Pewartenb (cxema) HLLC

 Toto E.F., Spruce M., Speares W. Restoration of the contact surface in the HLL—Riemann solver // Technical Report
CoA—9204, Collegue of Aeronautics, Cranfield Institute of Technology, UK, 1992 ; Shock Waves, 1994

A
\ ¢ / / Pewatens HLLC (C - contact)
x/t=u, x/t=8,

B cTpyktypy pewatens HLL nobaBnsieTcst KOHTaKTHbIN pa3pbiB.

CooTHolleHusa Ha npasom v nesom paspeiBax: F, —F., =5, (UR — U*R)

F,-F =S, (U, -U,)

p o 5 T
U=|pu |,F=| pu"+p |, e,=—+e(p,p) Usp = Uy __u*
0e, u(pe,+p) 2 Pxr = Pxp = P+
X Psrs Pxp
A A : — _ — _ (€)gs (€)s;
[MOTOKM Macchl Yepes NpaBbii U NeBbIN paspbiBbl: M, = P (S, —uy), m, = p,(u, —8,).

u*:uLmL_l_uRmR-l_pL_pR, p*:meR+pRmL+mLmR(uL_uR), P =my [ (S, —w.), p., =m; /(u.—S,),

m; +my m; +mp

(€)er =(€) g —(Prutg — putt) I My, (€y)., =(&,), +(pu, — pau.)/ my.

O CaghpoHos A.B. Pa3HOCTHbI MeTOA, peLleHUA HeCcTauMOHapHbIX YpaBHEHUN ra3ogMHaMUKN Ha OCHOBE
COOTHOLLEHUI Ha pa3pbiBax // KocMOHaBTMKa 1 pakeTocTpoeHue, Bbin. 2(43), 2006
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Pewartenb (cxema) HLLC

Cnocobbl pacyeTa CKOPOCTEN PaCNPOCTPaHEHNA BO3MYLLIEHIA BNPaBO U BIIEBO OT paspbiBa (S u S))

O Davis S.F. Simplified second-order Godunov-type methods, SIAM J. Sci. Stat. Comput. 9(3), 1988

BapuaHT 1:

S, = min{uL —a,,u, —aR},

S, = max{uL +a,,u, +aR}.

 Toto E.F., Spruce M., Speares W. Restoration of the contact surface in the HLL—Riemann solver // Shock Waves, 1994

BapuaHT 2:

SL =Uu, —q,d,, SR =Up +(rapg,

QL :f(ﬁ* /pLay)a

dr = f(ﬁ* /pR97/)-

CooTBeTCcTBMe TOMHOMY peluartento cxembl [oayHoBa npu pacdeTe oaMHOYHOW yaapHOW BOJHbI

LY

Y £

Variant 1
S; and S, by Davis

u =0.855
p,=3.857
p,=10.33

. £

A

Variant 2
S; and S, by Toroc et al.

uL=0 .855 A i
p,=3.857 LS
p,=10.33 vt

1 SwW

u=-1.775
p.= 1.000
p,= 1.000




Pewartenb (cxema) HLLC

MoandomumnposaHHas 3agada Coga

i ! shock

HavanbHble gaHHble (f = 0) B obnactn x < 0.5: u=0.75, p = O wave
Bobnactnx>0.5: u=0, p=-

W W W W W W L W W W N W W W W W W W W s o W e W W W e e e
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exact solution
Godunov scheme
HLLC scheme, var 1 (Davis)

HLLC scheme, var 2 (Toro et al.)

OO «
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