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Small amplitude waves

Large amplitude waves

Wave front steepening

+ Transverse waves
+ Longitudinal waves

ts from Young St:
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1D Euler equations:

% = constant,
P

@_;_i (w) =
at Oz —

Discontinuous solutions obeying conservation laws

dt

Jumps in (P, Rho, V, T); — flw) — /)
Continuous (E,M) :
Bogob @b desbial, mobagol sdmasbadob Brpamatgds 2.

if: wdz = — f (w)2
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Jump conditions: _ 3D Euler equation in the conservative form:

: —t—+—+—=
U (P2 — 1) = paua — prny (% 6‘x 8y 62

u, (pruz — prus) = (p2ul +p2) — (pruf + o)

au dF IG  HH 0

Regonl | Region 2

1 1,
us (B2 — Ev) = {ﬂzuz (e; + Eui +Pz/ﬂz)} - [mu: (el + Euf Hh/m)] ]

Uy = Uy + 01
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Fourier Analysis:
(V.P,p)~exp(ikr—iwt)

Viscous Heating

Bow shock produced
by a neutron star

Dispersion Equation:
 Supernova envelope Supernova remnant 0)2 ((02 & CSZ k2):0

ROSAT PSPC

* 4 Cygnus loop
soft band

/‘ > Solutions:
¢

\ortices:
Sound waves:

) (2016) SSogitnyb @ bl grbapb Bl Bnpamais 2, . ogfedy (2016)

Sound waves —> Shocks - Fast magnetosonic waves;
(P1,p1, V1) => (P2,p2: Vi) ; - Slow magnetosonic waves;
V=V, - Alfven waves;

- Fast shocks;
- Slow shocks;
- Contact shocks;

\Vortex —> Contact Discontinuity
Viu—> Vg
(P1s P2 V)= (P2,p2: Vi)

) (2016) SSogitnyb @ bl grbapb Bl Bnpamais 2, . ogfedy (2016)




P1Vn1 = P2Vn2,

B = Bna,
B? B?
i 2
PV +p1+ B~ Prvy 2+ 0’
BuBu Bi2Bna
PVMIVE — ——— = PaVn2Via — — ——
o Ho

( ¥ P1+”¥)pv +UnlB:21 Bnl(Bn"’tl)_( Y P2
i o Tl 4 e
Ho

F=Xp ~ 2 Ho

(vxB)y = (v xB)g,

=1 [(,-s +V2) - (@ + V) — 48V} cos 9,“},

%

2

2
) p2vn2 +

2
Vn2 By,

Mo

B2 (Byz - viz2)

Mo

du = 3 @+ V) @D [

Rarefaction wave

1D: Shock tube problem
Uy + uny =0, t>0
u(zr,0) = ¢(x),

forxz <0
for z > 0.

(2016)

Riemann Fan

t contact

Shocks in Euler equations ooty
U*(fc/t)

(2016)



Godunov 1959

Find cell interface jumps
2
Solve Riemann Problem integration
(for every cell) step
2
Find cell center values
(conservative interpolation)

ey (2016) Googobogl @ 3@abok . gobogob sdemgabydol oymatgdy 2, . o (2016)

Piecewise linear or
quadratic function

'
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inov’s method applied to Test 3, with zo = 0.5. Numerical (symbol
and exact (line) solutions are compared at the output time 0.012 units

nygbedy (2016)

Riemann Solver: Linear Riemann solver (Roe, 1981)

- Linear Riemann solver (ROE)
Fast, medium accuracy Formulate approximate linear problem
- Harten-Laxvan-Leer solver (HLL) d/dt U, + A(U,,Ug) d/dx U =0

Problems with contact discontinuities

- Two-Shock Rieman Solver
Problems with entropy waves X VPLUL + \/PRUR

- \,/P_L‘F \fﬁ
Interpolation . /PEvL+ JPRUR

- Linear (numerical stability) 7L+ /PR
i JPLwy 4 /PRW
- Parabolic (ppm) VPLWL + \/PRWR
4 VPL /PR
- High order

nygbedy (2016)




- Linear (numerical stability)
- Parabolic (ppm)
- High order

y (2016)

www. tevza.org/home/course/modelling-II 2016/

y (2016)

+ Best accuracy
+ Shock capturing
+ study of the Heating, viscosity, ...

- Slow
- Turbulence
- Complicated

(2016)
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