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Water \Waves

Small amplitude waves

Large amplitude waves

AHO™R0BoZL @s 3¢sBol BoBoZoL sdm3Esbgdols Beagge



Wave front steepening

 Transverse waves
 Longitudinal waves

SbEHO™R0Boob ;; 0g3badg LZI16)



Discontinuous solutions obeying conservation laws
Jumps in (P, Rho, V, T);
Continuous (E,M)
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1D Euler equations:

£ = constant.

p7

L fw) — f(w2)

UH — W=
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Rankine-Hugoniot Equation

Jump conditions:

us (p2 — p1) = pauz — Py

(13) s (pauz — prus) = (p2ul +p2) — (prul + p1)

Regionl | Region 2

(14) us (Eo — Ey) = lﬂhu (Ez + Su; +p2/p2 )} - [Pl-u-l (t:fl + E'H-T +m/p )] .

b

:'.!1 —_— 1.'IIIIII -}'I'l I,lIII f}l
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3D Shocks

3D Euler equation in the conservative form:

jorr

pun

o
pw* +p
(pe: + p)w
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Shock Consequences

®
Viscous Heating
Bow shock produced
by a neutron star “ '. k. ;
'i"ﬁ"i,‘,,‘ s
s

Supernova envelope Supernova remnant

ROSAT PSPC

Cygnus loop
soft band
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HD Linear Spectrum

Fourier Analysis:
(V,P,p)~exp(ikr—1 wt)

Dispersion Equation:
«’ (a? - Cs? k?)=0

Solutions:
\ortices: =0
Sound waves: a? = Cs? k?
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HD Discontinuities

Sound waves —> Shocks

(Pl,pl,an) 77 (PZ’pZ’VnZ) : £ \Z
Viu=Vy ! Vi

Vortex —> Contact Discontinuity
Vi —>Vp
(P p1, V)= (P2,p2: Vi)
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MHD modes

- Fast magnetosonic waves;
- Slow magnetosonic waves;
- Alfven waves;

- Fast shocks:
- Slow shocks:
- Contact shocks:
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P1Vn1 = P2VR2,

B,1 = B3,
B? B2
2 tl 9 t2
S 1 S + —,
PV, +DP1 + T P2V o + D2 2o
Btl Bnl . Btz Bn2
P1Un1Vt1l — ——— = P2Vn2Vi2 — )
Ho Ho
y p Y v B} Bni(Bg - vi) v py V3 vn2B},  Bna(Byz - vi2)
T el WK o = =|\——F—+ | ,PVn2 + =
Yy—1p 2 Ho Ho y—Lpg 2 Ho Ho

— l(cg +V2) - \/(cg + VAZ)2 — 4c2V?2 cos’® 03,1] ;

1
2
v+ @]

region 2

sem, og3bedg (2016)
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Uy + uy = 0,

u(z,0) = ¢(x),

Method of characteristics:

r = o(r)t +r.
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[ 0 for z < -
ui(z,t) = « "

l 1 forz > —.

Shock wave Rarefaction wave
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Riemann Problem

Riemann Fan

contact

Shocks in Euler equations dscontiniby

rarefaction

l’]z"n

Reflected shock wave
Contact surface

A

& Reflected

£ expansion fan

}—

Expansion
fan Shock wave
Position i
High pressure region  pyia5hragm Low pressure region
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Godunov 1959

bAHO™R0BoZL @s 3¢sBAol . BoBogob o

MGIBO0L  THDT0T)05 £ »

sem, og3bedg (2016)



Find cell interface jumps

J
Solve Riemann Problem integration
(for every cell) step

"

Find cell center values
(conservative interpolation)
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Piecewise linear or
quadratic function
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Rho = Rho(P,S)
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Fig. 6.10. Godunov’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
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Approximations

Riemann Solver:
- Linear Riemann solver (ROE)

Fast, medium accuracy

- Harten-Laxvan-Leer solver (HLL)

Problems with contact discontinuities

- Two-Shock Rieman Solver

Problems with entropy waves

Interpolation

- Linear (numerical stability)
- Parabolic (ppm)

- High order
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Linear Riemann solver (Roe, 1981)

Formulate approximate linear problem
d/dt U, + A(U_,Ug) d/dx U =0

VPLUL + \/PRUR

v PLUL + \/PRUR

VPLWL + \/PRWE
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- Linear (numerical stability)
- Parabolic (ppm)
- High order

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

- Slow

- Turbulence
- Complicated
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end

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