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Runge-Kutta módszerekre
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SSP elmélet dióhéjban

Hiperbolikus megmaradási törvények

Ut + f (U)x = 0

KDE rendszer
ut = F (u)

Explicit Euler feltétel

||un + ∆tF (un)|| ≤ ||un||, 0 ≤ ∆t ≤ ∆tFE

SSP (erős stabilitást őrző) tulajdonság

||un+1|| ≤ ||un|| hogy ∆t ≤ C∆tFE

Fekete I. (Matematikai Intézet) TKP beszámoló
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Beágyazott párok Követelmények

• rend: p-1

• nem defekt́ıv

• egyszerű struktúra

• maximális C; ha nem lehetséges normál beágyazott pár
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Beágyazott párok Mérőszámok

Stabilitási

- Abszolút stabilitási valós tengely metszet
- Abszolút stabilitási képzetes tengely metszet
- Kör kontraktivitás
- Abszolút monotonicitási sugár

Lokális csonkolási [Kennedy, Carpenter, Lewis]

- A
(p+1)
2 = ||τ (p+1)||2

- B
(p+1)
2 = A

(p+1)
2 /A

(p)
2

- C
(p+1)
2 = ||τ̃ (p+1) − τ (p+1)||2/||τ̃ (p)||2

- D = max{|aij |, |ci |, |bTi |, |b̃Ti |}
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Beágyazott párok Optimalizálás I.
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Rendfeltételek negyedrenddel bezárólag
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Beágyazott párok Optimalizálás II.

F (A, bT , w̃) =


Ã

(p)
2 Ã

(p)
∞(

B
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) (
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arg min
w̃

‖F (A, bT , w̃)‖∞

subject to τk(A, w̃) = 0, k = 1, . . . , 8

w̃ ≥ 0
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Beágyazott párok SSPERK(s, 2)

(a) s = 2 (b) s = 4 (c) s = 6 (d) s = 8

(e) s = 2 (f) s = 4 (g) s = 6 (h) s = 8
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Beágyazott párok SSPERK(4, 3)

(i) irodalmi pár (j) a mi módszerünk
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Beágyazott párok SSPERK(n2, 3)

(k) n2 = 4 (l) n2 = 9 (m) n2 = 16 (n) n2 = 25 (o) n2 = 36
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Beágyazott párok SSPERK(3, 3)
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0.291485418878409 0.291485418878409 0.417029162243181
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Numerikus ḱısérletek Euler-egyenlet

∂

∂t

 ρρu
E

+∇ ·

 ρu
ρu2 + p

(E + p)u

 = 0

Klasszikus irodalmi párok

Fehlberg12

RKF23

Ceshino24

BogackiShampine32

Zonneveld43

DormandPrince54

Merson45

Fehlberg45
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Numerikus eredmények Másodrendű
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Numerikus eredmények Harmadrendű
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Numerikus eredmények Negyedrendű
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Eredményeink felhasználása

Python csomagok
RK-Opt: A package for the design of numerical ODE solvers
NodePy: A package for the analysis of numerical ODE solvers

Sandia National Laboratories, USA
Szuperszáḿıtógépes szimulációk

CFD szimuláláshoz
H. Ranocha, L. Dalcin, M. Parsani, D. Ketcheson: Optimized Runge–Kutta Methods
with Automatic Step Size Control for Compressible Computational Fluid Dynamics,
arXiv:2104.06836v1, 2021. április

Fekete I. (Matematikai Intézet) TKP beszámoló
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Python csomagok
RK-Opt: A package for the design of numerical ODE solvers
NodePy: A package for the analysis of numerical ODE solvers

Sandia National Laboratories, USA
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NASA tesztfeladat Juncture flow

ábra. https://turbmodels.larc.nasa.gov/Other exp Data/junctureflow exp.html
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Formula 1 - McLaren F1 racing Team arXiv:2104.06836
McLaren 17D első terelőszárny
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Köszönöm a figyelmet!

Az ED 18-1-2019-0030 szerződésszámú projekt (Alkalmazásiterület-specifikus nagy
megb́ızhatóságú informatikai megoldások tématerület) a Nemzeti Kutatási Fejlesztési
és Innovációs Alapból biztośıtott támogatással, a Tématerületi kiválósági program
finansźırozásában valósult meg.


