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Overview of numerical simulation
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Overview of numerical simulation 4
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Cryogenic liquid sheet jet
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Cryogenic liquid sheet jet
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Verification &Validation, uncertainty quantification (VVUQ)
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Verification &Validation, uncertainty quantification (VVUQ)

Verification is performed to determine

if the computational model fits the

mathematical description.
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Simulation data management system
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Simulation data management system
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Simulation data management system
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Al and ML powered numerical simulation
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Al and ML powered numerical simulation

Conventional Design
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Al and ML powered numerical simulation

Machine Learning tools for instant predictions and data insights

Pulse energy | Photon Energy simulation
[keV] power [W] FWHM [mm] results [°C]

1.87 5.05 29.34 30.77
1.56 12 4.21 0.19 26.23 27.94
1.34 14 3.61 0.18 24.90 24.99
1.17 16 3.16 0.17 2413 23.46
1.04 18 2.81 0.17 23.60 23.04
0.94 20 2.53 0.16 23.41 22.63

Batch training of ML model predicting thermal behavior of optical components
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Al and ML powered numerical simulation

" Reduced Order Modeling with ML-augmented solvers
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Al and ML powered numerical simulation

‘- An analytics-driven, simulation-based digital twin is a connected, virtual replica of an in-
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Summary and Outlook

Multi-physics simulation: ODL mirror and CFD analysis of liquid sheet jet
Sensitivity study, VVUQ and simulation data management system for credibility of simulation results

ML/AI tools implemented in simulation
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Summary and Outlook

Multi-physics simulation: ODL mirror and CFD analysis of liquid sheet jet
Sensitivity study, VVUQ and simulation data management system for credibility of simulation results

ML/AI tools implemented in simulation

User interface using natural language model
Bl Surrogate model driven decision making
Al tools enhanced simulation data management system and workflow automation

LLM for simulation results inspection and generative design

Digital twin: improving operational efficiency, enhancing predictive maintenance and troubleshooting,

and enabling predictive analytics for system performance.
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