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Sound waves — Shock waves

Polytropic gas EOS:

Poch

Sound speed:

ce oc pT—D/2

R s | Sound propagates faster
in denser regions...
-/)1 /j — Steepening — Shock

Steepening of a sound wave (Klessen lecture notes on Theoretical Astrophysics)




* Python program to solve 1D hydro

equations: hydro.py Shock
« > ./hydro.py -h 7
« > ./hydro.py -sim shocktube_test P 5
oY 1
Regiowl” | Region 2

— Rankine-Hugoniot shock jump conditions

This code uses cftools:
https://www.mso.anu.edu.au/~chfeder/teaching/astr 4012 8002/codes/cftools/



https://www.mso.anu.edu.au/~chfeder/teaching/astr_4012_8002/codes/hydro.py
https://www.mso.anu.edu.au/~chfeder/teaching/astr_4012_8002/codes/cftools/

IDL> shocktube_test

Sod shocktube test: p = 10°, P, = 1 pr = 1.25 x 10* and P, = 0.1
(Sod 1978)

1x10° ' ' ' ' ' ]
8x10*+ |
2 6x10* _
L 4x10* i
2x10* _

—60 —40 —20 0 20 40 60



IDL> shocktube_test

Sod shocktube test: p = 10°, P, = 1 pr =125 x 10* and P, = 0.1

(Sod 1978) rarefaction contact shock
wave discont. wave

A

1 2 1314

1X1OS— .....
8x10* -
X 6x10*
L 4x10* -
2x10* -
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Using the Rankine-Hugoniot shock jump conditions

Using the Rankine-Hugoniot shock jump conditions to derive

the density variance — Mach number relation of supersonic turbulence

1b2 2
pﬁ _ % _ (y(y T)b;/\/lj;/:_ 5 (Nolan et al. 2015)
0 _

l 2
with o2, = — (ﬁ — 1) dV (Padoan & Nordlund 2011)
P/ po 1%
V po T T T | T T T | T T T | T T T T T T T T T
3.0_— //+ —_
[+ 7 = 1.0001 7
2.5:— o 4= 5/3 /// v = 1.0001
2 A 42 [ -
. > (y + Db M ok P 1
gives o =In |1+ ' y
* ( (y — Db2M? +2 _ e _
ﬂf“? /// T
Density variance — Mach number relation i T ; 7=

for supersonic adiabatic turbulence “r pal g
ol o7 (Nolan et al. 2015) -

L p” & _
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Mach number




Equation of State — Polytropic EOS

Using the Rankine-Hugoniot shock jump conditions to derive

the density variance — Mach number relation of supersonic turbulence

For supersonic polytropic turbulence (Federrath & Banerjee 2015)

Movies available: http://www.mso.anu.edu.au/~chfeder/



http://www.mso.anu.edu.au/~chfeder/pubs/polytropic/polytropic.html

Using the Rankine-Hugoniot shock jump conditions

Using the Rankine-Hugoniot shock jump conditions to derive
the density variance — Mach number relation of supersonic turbulence
With magnetic field (Molina et al. 2012)

2 2 2 2
C (V) C (¥
o) s, 1 Al,l 9) S,2 Al.)2
L1 UH,I ‘I‘ E— ‘l‘ = v||,2 ‘l‘ E— ‘l‘
V1 2 %) 2




Using the Rankine-Hugoniot shock jump conditions

Using the Rankine-Hugoniot shock jump conditions to derive
the density variance — Mach number relation of supersonic turbulence
With magnetic field

2o HD b= 1, B
A HD 5=0.4
2.0 - . . '_,'_,.'...-..-_---_---—"T"-' ------------ ]
i UL ; HD b=1/3 -
i i S i
- ~‘ - Rk :
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! ) - :
> A :
1.0 ," _
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The Star Formation Rate — Magnetic fields

S — 80 2
Statistical Theory for the | r(s) = L exp (—(L 202) )
Star Formation Rate:

3T 1/2
freefall mass s=1In(p/po) talp)=|=
: ! 32Gp
time fraction

mlt | N | 1 J/ o0
SFRg 6/ (po) P p(s)ds = / exp
. talp) po .

1+ orf O-g — Serit
&/ 202

€ 3 5
2exp 808

. 2 ‘B
MAGNETIC FIELD: Mos M (14 511 Serit OC In (ryqr M1
Pth—)Pth—i‘Pmag ‘/

SFR ~ Mass/time

/

[
5
/

0 = In (1 + b2M23+1
SF%ff — SFRﬁ‘ (avir-. b, M . .3) (Padoan & Nordlund 2011; Molina et al. 2012)

2Ey,/Egray forcing  Mach number
Federrath & Klessen (2012)



logye ( column density [g/cm?] )

The Star Formation Rate — Magnetic fields

Numerical experiment for Mach 10 and a;, ~1

Movies available: http://www.mso.anu.edu.au/~chfeder/pubs/sfr/sfr.html
B=0 (Mp=, B = =) B=3uG (My=2.7, B = 0.2)

-

3Bf{Mach 10,44
{z-brojection s

1

R %3

1 B=1
B S
Y ‘ "_‘?"

g
v

WA

Msink / Mbox

SFR¢ (simulation) = 0.46 x0.63
SFRg (theory) =0.45 x0.40

Magnetic field reduces SFR and fragmentation (by factor 2) — IMF
Federrath & Klessen (2012)

SFR¢ (simulation) = 0.29
SFRg (theory) =0.18


http://www.mso.anu.edu.au/~chfeder/pubs/sfr/sfr.html

Image credit: M. S. Povich



* Python program to solve 1D hydro

equations: hydro.py

« > ./hydro.py -h

« > ./hydro.py -sim shockpiston_test

Test the derived J— /5 Region 2 : i Reﬁ'm‘:’gw\

shock speed v, 7 /é—> =V, Pj | 06 > P:

(try for different gamma) ~— ; TzT Ilm
Pis+oV\ Shock -FN'A‘"

This code uses cftools:

https://www.mso.anu.edu.au/~chfeder/teaching/astr 4012 8002/codes/cftools/



https://www.mso.anu.edu.au/~chfeder/teaching/astr_4012_8002/codes/hydro.py
https://www.mso.anu.edu.au/~chfeder/teaching/astr_4012_8002/codes/cftools/

Astrophysical Gas Dynamics - Shocks

Time =44.4ns Foam v = 5/3 . Time =44.4ns
0.40 . . . . , 10 0.40
0.35 0.35
0.30 10° 0.30 | 10°
0.25 _ 0.25 .
i T
g g
B ° T 2
£ 0.20 1071 <= £ 0.20 1071 =
= B 5 =l
-~ .7} 9 ":75
z g
0.15 = 0.15 A
0.10 102 0.10 > | : ' 102
0.05 0.05 F
0.00 £ - : ' : 4 L1103 0.00 E - : - - 4 L1103
—0.15 —0.10 —0.05 0.00 0.05 010 0.15 —0.15 —0.10 —0.05 0.00 0.05 010 0.15
x (cm) x (cm)

Movies available:
https://www.mso.anu.edu.au/~chfeder/movies/laser/nif laser.html

Simulation of a laser-induced shock running into foam (Dhawalikar et al. 2022)


https://www.mso.anu.edu.au/~chfeder/movies/laser/nif_laser.html

Astrophysical Gas Dynamics - Shocks

Time =43.8 ns 10°

7 10°

o (:111_3)

S

1=

Density

1

Movies available: ot
https://lwww.mso.anu.edu.au/~chfeder/movies/laser/nif laser.html

Simulation of a laser-induced shock running into foam


https://www.mso.anu.edu.au/~chfeder/movies/laser/nif_laser.html
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Image credit: M. S. Povich



