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Sombrero Galaxy « M104
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The equations

» The continuity equation

Dlnp

v
Dt !
» The equation of state

ks

Hmy

p=—0pT

» The induction equation

JA

gzuxB—nyoj

kg
Boltzmann constant

my
atomic mass

K

mean molecular
weight

magnetic diffusivity

Ho
magnetic permeability



The momentum equation

» The momentum equation

D
ﬁl; = —c52V (CSp + lnp> — V®gp,y — Suyy
jxB

— 20 xu + T—I—C(VV-U)

- 1/<V2u+;VV~u+2S-Vlnp>,

where the advective derivative,

Du d
E—a‘i‘(UO—FU)'V,

pressure
gravity
Shear
Rotation
Lorentz

shock
viscosity

includes the transport by the imposed shear flow ug = (0, Sx, 0).



The entropy equation

Super Novae

. .
The entropy equation UV heating

D . . .
PTES — oo+ pr B p2A +V- (KV T) radiative cooling
t - 9 Ohmic heating
+ Nioj” +20vS* + Cp (V - u)

shock viscosity

Interstellar flows are highly compressible, so we need to apply a
shock viscosity ¢ and include the traceless rate-of-strain tensor S,
such that 3 5 )
uj uj
2Sj = — 4+ =2 —26;V-u.
J ox;  dx; 3 d



Modelling Supernovae -

Observed SN remnant

Thermal image of remnant
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Modelling Supernovae - Results
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Numerical Scales
Numerical domain: 0.5 x 0.5 x 2 kpc3

Resolution: 4.173 pc3

Array: 120 x 120 x 480 96 procs 200000 cpu hrs
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Figure: Density dynamics of simulation

Dynamical Scales

SN Remnants radii
60 ~ 200 pc

Disc scale height ~ 200 pc

Cold dense clouds ~ 10 pc

sound speed ¢; = 10 ~ 300

km s—1



Boundary Conditions
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Figure: thermal dynamics of simulation
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Time step stability

lu| ot
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ox

Courant condition :

) O Xmi Ox2. 1
0t = min <C§tUmm. Cst,v Dmln, C5tySH

max max max

Unax = max <]u\ + \/csz—l—vﬁ) ,

cs: sound speed; va: Alfvén speed

> ; OXmin = min(dx,dy, 8z);

Dmax = max(v, vx, 1, D),

v: kinematic viscosity; x = K/ (cpp): thermal diffusivity; #: magnetic
diffusivity

2vS? + Cshock (VU)2 +H + O'SN)

Hmax = max
c, T



Mesh Reynolds Number & Field Length

Mesh Reynolds Number

max(|u|) max(dx, dy, 6z)
v

Remesh =

Field Length

AXmin =

(1—1?%001 (;5;>2’

Teool: inverse of cooling time scale; B exponent in the thermally unstable

temperature phase

N=A;TP where T; <T < Tiyq

Stable computation dependent on Temperature scales 10 — 107 K

v VTix s VT



Cooling functions

T [K] | Axlerg g% Tem®Ki] [ By
10 3.70 x 1016 2.12
141 9.46 x 1018 1.00
313 1.18 x 1020 0.56

6102 1.10 x 1010 3.21

10° 1.24 x 10%7 -0.20
2.88 x 10° 2.39 x 10*2 -3.00
4.73 x 10° 4.00 x 102 -0.22
2.11 x 106 1.53 x 10% -3.00
3.98 x 100 1.61 x 1022 0.33
2.0 x 107 9.23 x 1020 0.50
Ti [K] [ Aglerg g 2s Tem®K ] | B

10 9.88 x 10° 6.000

300 8.36 x 101° 2.000

2000 3.80 x 1017 1.500

8000 1.76 x 1012 2.867

10° 6.76 x 1029 -0.650

106 8.51 x 1022 0.500

Table: Cooling function: RB (lower) SS (top).



Cooling function curves
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Figure: Cooling curves from (Rosen et al. 1993) plotted with dashed-dotted
linestyle, (Sdnchez-Salcedo et al. 2002) dashed, and (Slyz et al. 2005) solid.

Three phase ISM: thermal instability conditions ((Field 1965)) § < 1 (isobaric),
B < 0 (isochoric) and B < —3/2 (isentropic) for an adiabatic, index v =5/3



Filling factors of phases by height

Fiing fastors of gas by nelgnt at time 0.602699 Cyra
+ e sy g T

Filing foctors of ges by height ol time 0.600000 Gyra

Figure: Filling factor of temperature == e =
phase by z. Prandtl:1 Cooling:SS Figure: Filling factor of temperature
. _— e — phase by z. Prandtl:40 COOIing:SS

* > cold phase: T < 2000 K

. > warm phase 2000K > T > 10° K

Figure: Filling factor of temperature

5
phase by z. Prandtl:1 Cooling:RB > hot phase T = 10" K



Probability density functions
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Figure: 615 Myr snapshot SS cooling (above), RB (below); density (left),
temperature (middle), pressure (right); ISM Total, z < 200pc, z < 500pc
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Conflicting outcomes

» Compare the dynamics for temperature and density with
varying Prandtl numbers

» Handling mass loss - temperature and mass gradients -
boundary losses

» Resolving cooling in shocks - snowplough /time step

» Handling data and resource management - storage, idl, cpu
hours



Preliminary results: hydrodynamic model

» Comparsions with other models:
(Gressel et al. 2008),
(de Avillez & Breitschwerdt 2007),
(Korpi et al. 1999),
(Hanasz et al. 2006),
(Ryan Joung & Mac Low 2006)

> Run parameters: Shear,
Rotation,
SN rate,
Thermal conduction,
Resolution

» Anisotropy,
Phase characteristics,
Correlation
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