Multifluid module in Dyablo & Shamrock
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e Solid bodies made of silicates, carbon

Dust is everywhere

e Only 1% of the mass budget in the diffuse ISM ( Mathis et al. 1977; Weingartner & Draine 2001)
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https://www.aanda.org/articles/aa/full_html/2019/06/aa34147-18/aa34147-18.html#R40
https://www.aanda.org/articles/aa/full_html/2019/06/aa34147-18/aa34147-18.html#R60

Continuous fluid approximation : multi-fluid approach

Epstein drag : 1 B Poraindgrain [ TY
(Relevant for most Fdrag X 1y = ?
. . I PgCs
astrophysical object)
Small grain / small stopping time — Strong coupling

Large grain / large stopping time — Weak coupling
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Equations of evolution : 1 dust species
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Equations of evolution
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Numerical scheme
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Numerical scheme : Drag step

N
-2, . €a O a N Pd,i :
4 Zim % 02 ON €; = ~ (dust-to-gas-ratio)
_ €0 — Pg
— =QU, where Q= | ¢a, 0 -a .. O and .
dt 5 . . @ = (collision rate)
ENCZN O O ¢ o —OCN S,i

First-order Runge-Kutta implicit scheme in FARGO3D (Benitez-Llambert et al., 2019 ), RAMSES (Verrier et al., 2025)

Second-order Van Leer, Second-order Runge-Kutta and other schemes in ATHENA++ (Huang & Bai, 2022)

Second-order Diagonal implicit Runge Kutta scheme (Krapp et al., 2024)
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https://iopscience.iop.org/article/10.3847/1538-4365/ab0a0e/pdf
https://www.aanda.org/articles/aa/full_html/2025/09/aa54662-25/aa54662-25.html
http://Huang%20&%20Bai,%202022
https://iopscience.iop.org/article/10.3847/1538-4365/ad14f9

Numerical scheme : Drag step

High accurate scheme

General (sparse/dense)

Minimal cost

GPUs friendly
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Scaling and squaring method

e = (eA/n)n, n=2"& N.

~J

—3 ~ 1S
A~e? B = e ~ A
Scaling step Squaring step

Backward error bounded by the unit
roundoff
Scaling factor s and Taylor polynomial

order 771 : Minimal cost (scaling step)

avoid overshooting (squaring step)
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Implementations : Dyablo & Shamrock

Dyablo Shamrock

@ NP1 Greu

IRK1, IRK2Z2, MDIRK, EXPO IRK1, EXPO
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Dusty collision : 20 dust
species

Sewanou et al, 2025

Drag solver’s validation
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Drag solver’s validation (Two extreme regimes)

m Small stopping time Dust dominated
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Coupling transport and drag

0.6 DustyWave DustyShock
. . 1.0— q (o) Wg
: m
/ Q Wa, 1
Py FV - F (U) + fsrc,ext = fdrag '. /! g Wd,2
9 , 08 ¢ ° Wds3
- 0 —m analytic
5 P | \° o
O [ o . 80
g) . P \ ) A VG 9,. 0_6‘ e
N-02 a 49 0 % S
c ® id o0 0.4
S-0.4 o Vg1 |
b V4,2
—0.6- é o Vgys3
!!! o Vd’4 0.21
_0.8° ° VY
v —m analytic
0.0 0.5 1.0 1.5 2.0 0 10 20 30 40
Time X
Sewanou et al, 2025
ASNUM-2025 13 17/12/2025




Performances on GPU (with Dyablo)

GPU A100 Dustywave test

Nsight Compute + Nsight Systems 64° cells
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Performances on GPU (with Dyablo & Shamrock)
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Takeaways - Multifluids

High accurate drag solver on GPUs with Taylor based scaling and squaring matrix exponential computation

Time step independent

Implementation in Dyablo and Shamrock

Acceptable computational budget up to 16 dust species with current implementation

Application for other linear(ized) source terms (radiative transfer, chemistry)
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