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Overcoming the scale-problem
in galaxy formation simulations
using multi-fluid hydrodynamics
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The multi-scale problem
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Simulating galaxy formation

IlustrisTNG collaboration

redshift: 4.43
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Multi-phase media in observations— few kpc scales

IC 342 — multi-phase interstellar medium Multi-phase galactic outflow

Spitzer IRAC 4.5um (grey) - NASA/JPL-Caltech/J. Tumer; chmlz’acgewsﬁ:iAl//Jg)I{C/U FA/ESA/
NOEMA CO(1-0) (orange) - IRAM/A. Schruba & J. Pety; 2 t€C ¢ 0
Mayall Ha (pink) - NOAO/K. Herrmann AURA/JHU
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The smallest scales — shattering and turbulent mixing layers

T T
al _
2 | 4
St . .
L _ cosmologcial
o o
& J 10 S G —
= ] 2=0.0,Z=0.3Z,
gL p 10?
| i Y S S |
e 108 10!
: ar ™ : 100
ic’,“ “en [ 107!
<[ e o
Lg | O o o q | x 10 L 10-2
il > 1 g z .
_i'.:. L ] 1 % ? F10 2
L "". & . ot 4 a 106 % ro <
v wF ¢ vy - = =
’:‘:v::'::::'*t;;::;":::: % § 5
L ' : - _ ] g i
_r 4 - F-1072
‘384‘ .;\.- i 105 -107?
ol |
mg_ : — -10°
ol ,.% 1 unresolved o
=~ | 10* i
L 2 o -10?
TN I NN R SN EESTI) L L L L ' . - - —_—
LN B /UM BN R By N T 10—27 10—26 10—25 10—24 10—23 10 1027 10-26 10-25 10-24 10-23 10-22
L . ) 3 plgem™]
L 1 density [g cm™]
[ ] :
2k J
~ L .
L i McCourt et al. (2016) RW et al (ln prep)
F o o | (R |

7 Rainer Weinberger / AG 2026 / 9. September 2026 Leibniz-Institut far Astrophysik Potsdam (AIP)




Multi-fluid hydrodynamics

single fluid discretization 2-fluid discretization
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Multi-fluid hydrodynamics
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Stratified flow model
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Fig. 3. Ilustration of the one dimensional stratified flow.
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Multi-fluid galactic outflow model

Weinberger & Hemquist 2023 Bollati & Wcinbcrgcr 2025
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MS82 like outflow

Time = 0.0 Myr
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Uberschrift lorem ipsum
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Driving outflows — the interstellar medium

€vaporation + Mixing

Stachlys+ (in prep.)
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Back to cosmological simulations
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Open questions — precipitation / thermal instabiltiy
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Summary

=

AIP
* Galaxy formation is a multi-scale problem

— Computational cutoff around the scale of gas clouds
— Drastic impact on galactic gas cycle

* Represent multi-phase gas as multi-fluid system
— Spatially resolved, hot phase

— Spatially unresolved cool gas clouds with volume
filling fraction

* Get multi-component outflows cheaply

* InISM, need to model spatially unresolved turbulenc via
SGS turbulence model

* Full cosmological context in progress — stay tuned
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