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Pacefish

GPU native end-2-end LBM CFD

5t Automotive CFD Prediction Workshop
Eugen Riegel
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Pacefish Introduction

accurate, fast and cost-effective end-2-end transient CFD
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|

—
LBM (Lattice- multi-GPU Robust proprietary
Boltzmann Method) acceleration delivers LBM Wall Model
based CFD time and cost implementation works
Coherent FDM (Finite reduction of ~20x and directly on dirty
Difference Method) for beyond geometries, no CAD
turbulence modelling cleanup required

and more

08.10.2026 Eugen Riegel | Numeric Systems GmbH | http://numeric.systems 3
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vaene] Pacefish CFD — Complete Workflow

| DAtemp\AEM_crossing'20240607 AutoCFDA D

File Validation
Y
Project | Visualization = B ||3D View

L Volume Reference -> ‘Driv »
4 = Fluid Control

3 Global Fluid Accelerator 'Fluid Acc //
4 [ Solid Surface Properties -

4 4 Surface Motion 'slip floor

4 LB Lattice Boltzmann Model

Deployment Configuration )
Highest Considered Refinement Slot El

[7] use highest available refinement slot /
Refinement Slot 9
Decempesition Independent Refinement

[ enforce Decomposition Independent Ref

Mech Preview Transfarmatinn
< it

@ Discretization: Invalid Progress: |

« Definition and Modification of the
Case Setup

 Rich-Client Application
(Windows and Linux)

08.10.2026

@pacefish

« Console Based Application
(Windows and Linux)
» GPU-Accelerated

Eugen Riegel | Numeric Systems GmbH | http://numeric.systems

3D Results written to Storage
compatible with ParaView
(open source)

Works also with other Post-
Processors (like Tecplot)
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& Federal Ministry
for Economic Affairs

dE
Technical andEnersy
Uni it
of Munich 2017:

2014: EXIST production
2007: First Funding by working dirty-
mover in German CAD TBL 2019: EU
GPU-native Ministry of wall model Horizon 2020
CFD Economics for LBM SME Funding

2008: 1 of 8 2016: 2019: 2026: 250K
demo project production Release on productive
displayed at working SST- SimScale and GPUh, 200+
NVIDIA DDES On-Premises productive
CUDA launch Turbulence in-house

event model.for y s I M s c “ lE simulations
cartesian
SGANVIDIA. meshes -
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AutoCFD5 Submission Overview
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e AutoCFD5: 24 Submissions in total

« Contributed to HPC, NOISE and SRS Technical Focus Groups (TFGs)

e Casel: 6 Submissions, variance on

« resolution (g1-g4) and
« turbulence modelling (hybrid SST-DDES, uRANS kOmegaSST)

e Case2: 18 Submissions:

« 6 A/B Submissions: DDES 34M (guess),
DDES 61M (vcoarse), DDES 90M (coarse),
DDES 195M (baseline), uRANS SST 195M (sst),
DDES 627M (fine)

« 6 A/A Model Noise TFG Submissions: DDES 195M
6 A/A Geometrical Noise TFG Submissions: DDES 195M

08.10.2026 Eugen Riegel | Numeric Systems GmbH | http://numeric.systems
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Pacefish Submission History

AutoCFD3 AutoCFD4 AutoCFD5
mCase1l mCase2A/B mCase2A/A
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» 3.6% Productivity Boost since AutoCFD4 (2024), Case 2A DDES 195M:

- AutoCFD5 (2026): 2h @ 8x GPUs
- AutoCFD4 (2024): 7.15h @ 4x GPUs
 AutoCFD3 (2022): 48h @ 4x GPUs

 Performance Improvement Breakdown:
* 1.45x: GPU hardware upgrade (NVIDIA Ada — NVIDIA Blackwell 600W)
* 1.9x: GPU count doubled (strong scaling, 4 — 8 GPUS)
* 1.3x: Software optimization

* Key Software Improvements:
» Geometry preprocessor reworked: highly complex geometries: 30 h — 12 min
 DDES shielding function improvements: not completed in time for AutoCFD5

08.10.2026 Eugen Riegel | Numeric Systems GmbH | http://numeric.systems 8
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» Validation Reports available for e Gt
all Numeric Systems’ AutoCFD5 Pty
submissions

« 5 Reports in PDF format T —

- HUPERTZ-NDwMw W-sl

» Between 147and 376 Pages each

* Qualitative and Quantitative
* Clearly structured for easy reading e

* Links to the PDF files are shared R e S T
on related slides:
 Case 1: all results in 1 Report °

« Case 2: A, B, noise and geonoise
(4 Reports)

Asp{(e)is- s (e)u} =

Namesc Sysiemm Qe 93 2024-autocfd4-case2-ls9-ab-DDES
chognmest sy

08.10.2026 Eugen Riegel | Numeric Systems GmbH | http://numeric.systems 9
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Case 1 Windsor’ Submissions
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1027,72

51,6
51,6

304,8

Cellcount [M]

o
~

o
~

41,02

~
IS

=]
oo

Wallclock [h]

o
o

 New AutoCFD5:
0.494mm mesh SST-DDES

* Report PDF:
https://tinyurl.com/ms66dcpm

N o158
B o158

0,1 1 10 100 1000 10000

m 26_LBM_Hybrid_F =26_LBM_Hybrid_E = 26_LBM_RANS_D
m 26_LBM_Hybrid_C m 26_LBM_RANS_B m 26_LBM_Hybrid_A
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"
2.72mm 2.79mm CDBase ]
I
-
—
1
I
]
Cd
-
-
]
_——
1.36mm 1.36mm :
7
I
|
I
™
]
Cs
I
7
—
0.68mm ; 0.49mm o
J ]
{ | | w
. 1
26-LBM-Hybrid-E . | 26-LBM-Hybrid-F =
-0,2 -0,1 0 0,1 0,2 0,3 0,4

m Varney2020 m 26_LBM_Hybrid_A m 26_LBM_RANS_B
26_LBM_Hybrid_C m26_LBM_RANS_D m 26_LBM_Hybrid_E
m 26_LBM_Hybrid_F

Varney2020
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26 — LBM — Hybrid — A (cd)uveruu(z)
26 — LBM — RANS — B (¢g)overait(z) —— 26 — LBEM — RANS — D (4) overall (2)
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-0.6

Figure 3.6: Development of drag force coefficient (c4)overq ON the model.
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Case 2: ,DrivAer' Submissions
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627

195
195

Cellcount [M]

O
o

61,3

w
w
O

i19, 9%

2,86

2,86
Wallclock [h]

0,72

0,41

18mm

0,13

* New AutoCFD5: 9mm and 18mm Grid complexities as
alternative to Al Surrogates
 Deliversin 25 and 8 minutes

 No data, no training, no surrogate, just end-2-end transient CFD
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Case2A Case2B

Cd Cd
I I
I I
] ]
— —
Cl Cl
u I
I ]
|| |
II | |
clf | i
-I |
] |
— —
Clr Clr
— E—
] ]
0 0,1 0,2 0,3 0,4 -0,1 0 0,1 0,2 0,3 0,4
m Reference m |D26-0ther-fine m Reference m [D26-Other-fine
m [D26-Other-baseline m ID26-0ther-sst m [D26-0ther-baseline m ID26-0ther-sst

m ID26-Other-coarse m ID26-Other-vcoarse

m |D26-Other-guess

m ID26-Other-coarse m ID26-Other-vcoarse
m |D26-Other-guess
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pacefish

Case2B - Case2A

[ |
CIf
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|
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-
-0,03 -0,02 -0,01 0 0,01 0,02
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m [D26-Other-baseline = [D26-0Other-sst
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Deviation from Hupertz2017-A Deviation from Hupertz2017-B
——|D26_0Other_guess ——I1D26_0ther_vcoarse =——1D26_0ther_coarse ——|D26_0Other_guess ——I1D26_0ther_vcoarse =——1D26_0ther_coarse
ID26_0ther_sst —1|D26_0ther_bhaseline =——1D26_0ther_fine ID26_0ther_sst —1D26_0ther_baseline ——1D26_0ther_fine
Cd Cd
Cp-sdwri),00% Cl Cp-sdwrit),00% Cl
Cp-rrwnd Cp-rrwnd Clf
Cp-frwnd Clr Cp-frwnd Clr
Cp-cplrsym U Cp-cplrsym U
Cp-cplr L Cp-cplr L
Cp-aplr v Cp-aplr v
Cp-whih Cp-upbdy Cp-whih - : Cp-upbdy
Cp-rrndc Cp-udbdy Cp-rrndc Cp-udbdy
Cp-rrndh Cp-udbdyoff Cp-rrndh Cp-udbdyoff
Cp-sdwl Cp-sdwl
A-Report PDF: https://tinyurl.com/mveckuuy B-Report PDF https://tinyurl.com/4xcj9n95
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» Variation of 6 Aspects relative to Sensitivity
ID2 6_0th er_BaSE| in @ ——ID26_0Other_cfl080 ~ ——1D26_Other_longer120
. ——|D26_0ther_yoffse _Other_xoffse
- 1D26_0ther_cfl080: 80% CFL reduction + e

reduced modeled compressibility
* ID26_0Other_longer120: +20% simulated time

* ID26_0ther_yoffset: Geometry shifted spanwise coscung 402 “ o
by T mm (% cell) Cpnund _ 100 Cir
+ ID26_Other_xoffset: Geometry shifted i IS LK
streamwise by 1 mm (% cell) cotr ) ;
* 1D26_Other_3gpus: 3 GPUs instead of 8 Cp-api Cpupbey
« 1D26_Other_2gpus: 2 GPUs instead of 8 i R W v

e https://tinyurl.com/3snk3vhn

08.10.2026 Eugen Riegel | Numeric Systems GmbH | http://numeric.systems 18
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« Variation of 5 Aspects relative to

08.10.2026

ID26_Other_georef
* In collaboration with FORD

* ID26_0ther_exhaust: minor modification of the
exhaust mounting

* 1D26_0ther_mirrors: mirror glass shifted slightly into
the housing

* ID26_0ther_transmcutout: minor cutout at the
transmission casing

* ID26_0ther_transmrips: closed cooling rips on the
transmission casing

+ 1D26_0Other_nodes: All geometry nodes randomly
displaced by an infinitesimal offset

https://tinyurl.com/bdf9fybb
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[Neems] DrivAer — ID26_Other_fine Transient Data (Cpacefish

Transient Surface Friction Coefficient (cf) Visualization on DrivAer Notchbac

cf e
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—— e —
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Contact and Information:
eugen.riegel@numeric.systems

http://numeric.systems/

We thank our supporters and partners:

ﬁ Federal Ministry
for Economic Affairs

et <2 NVIDIA % SIMSCALE
S . ¥

Pacefish has received Pacefish has received Pacefish has received Pacefish is available for

German federal EXIST funding from the long-running SUPPQFt by cIouq based.usage over

funding between Nov. European Union’s Horizon NVIDIA.Corporat|o'n. our integration partner
2014 and Oct. 2015 under 2020 research and Numeric Systems Is SlmS(?aIe. Visit

grant No 03EGSBY402. innovation program under member of the Inception https://simscale.com

grant agreement No program
876459,
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