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Velocity Averaging

Previously reported:

Mean of velocity magnitude
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Reporting now:

Magnitude of the mean velocity
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WMLES results, ANSA meshes

L1/ Underbody Centerline @ z = -0.2376m
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« Time accurate, implicit unsteady

«  WALE model

« Total physicaltime =4 s

* Averaging time =3 s

« Transient initialization

« Segregated solver

« MUSCL/CD scheme for convection

« SIMPLEC for pressure/velocity coupling
 At=1e4s
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DES and Wall Treatment

L1/ Underbody Centerline @ z =-0.2376m
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U2 / Underbody x =0.350m / z=-0.2376 m
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Time accurate, implicit unsteady
SST-DDES

Total physicaltime =4 s

Averaging time = 3 s

Transient initialization

Segregated solver

Hybrid BCD scheme for convection
SIMPLEC for pressure/velocity coupling
At =2.5e-4 s
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WMLES results, ANSA meshes DES results, High/Low Y+

Cp Upperbody Centerline (y = Om) Cp Upperbody Centerline (y = 0m)
m ANSA Hi-y+ Coarse m— ANSA Hi-y+ Medium

ANSA Hi-y+ Medium . CCM Lo-y+
ANSA Hi-y+ Fine
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Side window results

» DES results are significantly improved with Low Y+ mesh, especially in the A-pillar and mirror near wake
* Probes # 208, 209, 210, 211, 212
« WNMLES provides the best result for probe 208, although not doing great on 210 and 211 (A-pillar)

Cp Side Window = DES ANSA Hi-y+ medium
DES CCM Lo-y+
WMLES ANSA Hi-y+ medium

210 211 212]213 214 54 46 215 47 217 53 216 50 218 5248 49 51

# of Pressure Probe
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Noise Factors Studies - Can we improve consistency?

Boundary Layer Resolution

Deeper convergence per time step

Prism layer settings:
« High Y+ (7 layers, 0.75 mm nwt, 12 mm thick)
« Low Y+ (10 layers, 0.03 mm nwt, 10 mm thick)

Inner stopping criteria
* Asymptotic ACd < 0.25 cts over 5 samples
 Min 5 + Max 30 iterations per timestep

—
Density

Min = 1.202 kg/m3
Max = 1.206 kg/m3
S levels

—
Dynamic
Viscosity

Min = 1.812e-5 Pa-s
Max = 1.817e-5 Pa-s

6 levels
SIEMENS
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Noise Factors Studies — Boundary layer resolution

Analyzing mean of time-averaged solutions starting at different times

GT running mean of Cd [-]
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Averaging start-time comparison - AutoCFD5 high y+, 6 s signals (time-step values)

Cross-design mean of the per-design running averages (values at t = 6.00 s)

— from 05 | Cd=0.27122 | std = 0.00072
= from 0.125 s 3 | std = 0.60072

from . 6 | std = 0.60871
= from S5s o 0 | std = 0.00073
— from s 9 | std = 0.00081
— from 2s 27178 | std = 0.60107

— from 85 | std = 0.00072
= from 0.125 s | std = 0.00072
from 0.25 s | std = 0.00071

— from 0.5 5 | std = 0.00073
= from 1s | std = 0.00081
2 s | std = 0.00107
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Averaging start-time comparison - AutoCFD5 low y+ (baseline), 6 s signals

Cross-design mean of the per-design running averages (values at t = 6.00 s)
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Noise Factors Studies — Adaptive convergence

Analyzing average/maximum deviation of all time histories from the overall mean signal
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Noise Factors Studies — Adaptive convergence

Irrespectively of choice of start of averaging time — adaptive

convergence offers better consistency of results

Running longer is another effective strategy to minimize the spread,

but in our experience adaptive convergence yields not only higher

precision but also higher accuracy

Averaging 20 20 b Cha'nge
' f aseline —
start [s] baseline adaptive .
adaptive
0] +0.00106 | +0.00094 =11 %
0.125 +0.00107 | +£0.00096 -10 %
0.25 +0.00110 | +0.00096 =12 %
0.5 +0.00113 | +£0.00093 -18 %
+0.00119 | *0.00092 =22 %
2 +0.00143 | +0.00099 =31 %

Inner iterations to converge

40% within 5 iterations

N w A O,

91% within 10 iterations
99.8% within 20 iterations

o O o o o

—

Compressible

o

(%2}
Q.
O
-
(%)
()
£
)
Y
(@)
()
()]
©
-+
C
[0}
O
—_
()
o

4

5 6 7 8 9 10111213 14 1516 17 18 19

42% within 4 iterations
100% within 8 iterations

Constant Density ® Compressible
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* Compared to 5 fixed inner iterations
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DrivAerML — Full Split

Dataset Full

Key Features of Model and Training:

Transformer based architecture

Uses 2604 public release

Solution history format input / output

Mesh sub-sampled at ~0.5%/epoch

18h 58m training time (4x A100-40GB)

30s per design prediction time (1x L40-46GB)
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Study 1 — Data Requirements

DrivAerML - Data Requirements Study Breakdown
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Study 2 — Out of Distribution Splits

DrivAerML - Out of Distribution Splits Breakdown
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Conclusions

SRS
Good predictions with WMLES, small mesh dependency

Low-y+ meshes confirmed as best practices for DES

Noise Factors

Lower spread when resolving the boundary layer and when improving convergence within each
time-step

Compressible physics provides faster convergence per time-step

PhysicsAl
Overall performance is good, particularly force coefficients, relative L2 needs improvement

Demonstrated ability to generalise well to “out of distribution” splits
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Disclaimer

© Siemens 2026

Subject to changes and errors. The information given in this document
only contains general descriptions and/or performance features which
may not always specifically reflect those described, or which may
undergo modification in the course of further development of the
products. The requested performance features are binding only when
they are expressly agreed upon in the concluded contract.

All product designations may be trademarks or other rights of

Siemens AG, its affiliated companies or other companies whose use by
third parties for their own purposes could violate the rights of the
respective owner.
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