: Python (RSAA computer account)

g Atophvcawanvnamc .f

.

TODAY

. Bondl accret/on Bond/ Hoyle accretlon Shu accretlon rate (—> recap)
E Steepen/ng of sound Waves > shocks (Rank/ne-Hugon/ot cond/tlons)

- ..'Propaga‘tlon of a 1 dlmenSIOnal {1 D) shock front

Image credit: M. S. Povich



Image credit: M. S. Povich
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Parker wind versus Bondi accretion

4
7% — log 9° = 4log 7 + == C

3017111 g 5.0
[ 4.5
2.5_— -
I 4.0
2.0
i 3.5
= 15F 3.0 0
[ 2.5
1.0_—
I 2.0
05F
i 1.5
OO | P | I | | S 10
0.0 0.5 1.0 1.5 2.0 2.5 3.0



Bondi accretion (influence of the EOS)

Bondi accretion rate for isothermal versus adiabatic gas

(Polytropic EOS: P, = Kp")
1

exp(-1.5)*(2.0/(5.0-3.0%x))**((5.0-3.0%x)/2.0/(x-1.0)) ——
09
E 0.8 |
Q
£
<
£ 07}
Q
g
~ 0.6
[&]
&
o
E o5}
9
B
s 04|
p=
03
0.2 | | | | | |
1 1.1 1.2 13 1.4 1.5 1.6

Gamma

Why is the accretion rate higher for lower Gamma?



Bondi-Hoyle accretion

Mgy = 4T Poo G*M 2C;C3

M /M (0)

101 }

1072 ¢

1073

100

22 4+ M?

(1+067)”

1/2

For M = 0 (Bondi1 accretion)

/4 = exp(1.5)/4 in an isothermal medium

T I

T I T T T T T T T T I
—— Bondi accretion rate 3

1071




Build-up of circum-binary discs

No Turbulence Low Turbulence Normal Turbulence

. UOAAIU AN L e I A R v o u

EaEMachiO0n:

(¢-wdb) Ayisuag

A\
i
’
P
7
7
7
’
»
”

T e

o = A AAAS

S M;=0.23M 27

Movies available: https://www.mso.anu.edu.au/~chfeder/pubs/binary turb/binary turb.html

Turbulence makes bigger discs — relevant for planet formation

Kuruwita & Federrath (2019)


https://www.mso.anu.edu.au/~chfeder/pubs/binary_turb/binary_turb.html

Shu accretion rate

Collapse of a singular isothermal gas sphere

3
. &
Accretion rate: M = my ES (Shu 1977)

Accretion Rate

Gas Density

107™E T 1072 [ A '
X F :
:\;\ = 0 C : t = 8x 10° yr
N t = 8 x 10) yr e t =12 x 10 yr e
1070 N t =12 x 10, yr ----- E » t =15 x 10° yr - ----
- Wi t = 15 x 102 yr ——momo- — 107°F t =17 x 10° yr —mmemem E
i NI t =17 x 10 yr —-—--—-- - ! .
— 6] \\k:;..\_;;;\,_;.\ ] ; C
IE 10 3 : \\\\Q\\\ E © T‘\K
Q0 : RS
— 107" ¢ | TS 4 T
Q E : \ \‘\\'\‘-“ 7 g
0E z RS
C § oL ]
107 [ R R ] 107°
R [cm]

(Federrath et al. 2010)



Shu accretion rate

Collapse of a singular isothermal gas sphere

Shu (1977)
3
g C . .
M = myg ES with mo = 0.975 would give moc2 /G = 1.06 x 1076 Mg yr—1!
...but here, the gas cloud is highly unstable!
1000.0
% - accretion rate coefficient With A = 29 t 130
Q@ - | =29, we get my ~ :
% 100.0 ¢ (Shu 1977) E which gives exactly the correct
8 i ] accretion rate.
£ £ 100¢ .
4 ; : c .
c : | onclusion:
-% ok | Beware, mg is not necessarily 1.
5 5 ! And hence ¢2 /G may be way off!
< L
0.1 i L
1 10 100
A

Instability parameter A = 47G p(R) R?/c2?
(Federrath et al. 2010)



Image credit: M. S. Povich
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/ Y Ry -, |
Shocks oqcur.whenéqs moves fasterthan the speed of sound

. I S s
3 ‘ B X -52

q—ula, NASA, ESA, N. Smith (University of California, Berkeley),"and The Hubble Heritage Team (STScl/AURA), and NOAO/AURA/NSF




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)




« IDL program to solve 1D hydro equations:

hydro_1d.pro Shock

|

« IDL> .r hydro_1d % u;

P
« IDL> hydro_test % .
« IDL> shocktube_test Région ! | Region 2

— Now let's derive the Rankine-Hugoniot shock jump conditions.

You can use IDL (Interactive Data Language) yourself, e.g., on motley.anu.edu.au:

First connect to miasma > ssh -Y username@msossh1.anu.edu.au
Then to motley > ssh -Y username@motley.anu.edu.au

You will need to copy (scp) the hydro_1d.pro to miasma/motley
Finally, to start IDL type > idl


http://www.mso.anu.edu.au/~chfeder/teaching/astr_4012_8002/hydro_1d.pro

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



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

Voo

1 2 13141 5

1X1OS— .....
8x10* -
X 6x10*
L 4x10* -
2x10* -

—60 —40 —20 0 20 40 60
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Simulation of a laser-induced shock running into foam

0.40
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0.20
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0.00

Astrophysical Gas Dynamics - Shocks

Time =0

Foam v = 5/3
1

T T S,

—-0.15 —0.10

x (cm)

—0.05  0.00

10*

10°

1ot =2
g

1072

103

y (cm)
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0.20
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0.00 e
~0.15 —0.10

Time =0

Foam vy = 5/3
T

T Sl T T

—0.05  0.00 0.05
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Movies available: https://www.mso.anu.edu.au/~chfeder/movies/laser/nif laser.html

0.10 0.1

10°

107

1072

1103

Density (gem™)

(Dhawalikar et al. 2022)


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

Astrophysical Gas Dynamics - Shocks

Time =0 10

Density

Movies available: |
https:l/www.mso.anu.edu.aul~chfederlmo\viesllé‘serlnif' 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



