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Professional Summary

Ph.D. candidate in Computer Science at the Technical University of Munich, specializing in scientific foundation models,
physics-informed generative models, and differentiable numerical simulation. Led the development of Tadpole, a foun-
dation model for three-dimensional PDEs; contributed to PDE-Transformer; proposed the ICLR Spotlight method ConFIG; and
developed TorchFSM, a PyTorch-based differentiable PDE solver for GPUs. Combines machine learning research with experience in
CFD/OpenFOAM, multiphysics solvers, and large-scale three-dimensional training, with the goal of translating scientific machine
learning into reliable and efficient engineering simulation tools.

Education

Technical University of Munich Ph.D. Candidate in Computer Science; Advisor: Prof. Nils Thuerey 2022 - Present
Research: Al for Science and PDEs, scientific foundation models, physics-informed generative models, differentiable simulation,
and physics-informed neural networks

Harbin Institute of Technology M.Eng. in Power Engineering and Engineering Thermophysics 2020 - 2022
Multiphysics solver development, OpenFOAM simulation and development, and electrohydrodynamics; Outstanding Master’s Thesis

Harbin Institute of Technology B.FEng. in Energy and Power Engineering 2016 - 2020
Fluid mechanics, heat transfer, engineering thermodynamics, and computational fluid dynamics; ranked 3rd out of 146 in the
program

Selected Research and Development Experience

Foundation Models for PDEs

e Contributed to the development of the two-dimensional PDE foundation model PDE-Transformer and led the development of
Tadpole, a foundation model for three-dimensional PDEs.

e Introduced autoencoder reconstruction as a pretraining objective for PDE foundation models, making Tadpole the first three-
dimensional PDE foundation model to support multiple downstream tasks.

e Designed an online simulation and training pipeline that completed training on approximately 202 TB of dynamically generated
data without local data storage; enabled inference on grids up to 10243, corresponding to more than one billion degrees
of freedom.

Physics-Constrained Generative Models

o Pioneered the use of diffusion-based generative models for uncertainty quantification and surrogate modeling in numerical
simulation; the resulting paper was among the early works applying diffusion models to flow simulation.

e Proposed the conflict-free multi-task optimization framework ConFIG and applied it to physics-constrained generative mod-
eling; subsequently designed ConFIG-based physics-constrained flow matching and a physics-constrained diffusion model for
sparse flow reconstruction.

o Extended ConFIG to additional applications, including physics-informed neural networks, multi-objective learning, and federated
learning.

TorchFSM: A PyTorch-Based Differentiable PDE Solver for GPUs  hitps://qiauil.github.io/torchfsm/

e Developed a Fourier spectral framework for constructing PDE solvers from modular operators such as gradients and advection,
with support for GPU acceleration and batched three-dimensional simulation.

e Enabled end-to-end automatic differentiation and integration with machine learning workflows for online data generation,
inverse problems, and the training of physics-informed neural operators.

Selected Publications and Scholarly Work

14 publications, including 5 first-author papers; Google Scholar h-index: 10.

Foundation Models for PDEs

e Q. Liu, F. Koehler, B. Holzschuh, N. Thuerey. “Tadpole: Autoencoders as Foundation Models for 3D PDEs with Online
Learning,” arXiv, 2026. Under review at NeurlPS 2026.

e B. Holzschuh, Q. Liu, G. Kohl, N. Thuerey. “PDE-Transformer: Efficient and Versatile Transformers for Physics Simulations,”
International Conference on Machine Learning (ICML), 2025.

Physics-Constrained Generative Models

e Q. Liu, M. Chu, N. Thuerey. “ConFIG: Towards Conflict-free Training of Physics Informed Neural Networks,” International
Conference on Learning Representations (ICLR), 2025. Spotlight

e Q. Liu, N. Thuerey. “Uncertainty-aware Surrogate Models for Airfoil Flow Simulations with Denoising Diffusion Probabilistic
Models,” AIAA Journal, 2024.

e G. Baldan, Q. Liu, A. Guardone, N. Thuerey. “Physics vs Distributions: Pareto Optimal Flow Matching with Physics Con-
straints,” International Conference on Learning Representations (ICLR), 2026.

e M. Amorés-Trepat, L. Medrano-Navarro, Q. Liu, L. Guastoni, N. Thuerey. “Guiding diffusion models to reconstruct flow fields
from sparse data,” Physics of Fluids, 2026. The first two authors were master’s students supervised by Q. Liu.

Book

e N. Thuerey, B. Holzschuh, P. Holl, G. Kohl, M. Lino, Q. Liu, P. Schnell, F. Trost. “Physics-based Deep Learning,” Chapter 5:
Probabilistic Learning. https://physicsbaseddeeplearning.org/
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PDE JEfilifiny :

e Q. Liu, F. Koehler, B. Holzschuh, N. Thuerey. “Tadpole: Autoencoders as Foundation Models for 3D PDEs with Online
Learning,” arXiv, 2026. (NeurIPS2026 7£H7)

e B. Holzschuh, Q. Liu, G. Kohl, N. Thuerey. “PDE-Transformer: Efficient and Versatile Transformers for Physics Simulations,”
ICML, 2025.

PrBRZ R R :

e Q. Liu, M. Chu, N. Thuerey. “ConFIG: Towards Conflict-free Training of Physics Informed Neural Networks,” ICLR, 2025.
Spotlight

¢ Q. Liu, N. Thuerey. “Uncertainty-aware Surrogate Models for Airfoil Flow Simulations with Denoising Diffusion Probabilistic
Models,” ATAA Journal, 2024.

¢« G. Baldan, Q. Liu, A. Guardone, N. Thuerey. “Physics vs Distributions: Pareto Optimal Flow Matching with Physics Con-
straints,” ICLR, 2026.

e M. Amorés-Trepat, L. Medrano-Navarro, Q. Liu, Luca Guastoni, N. Thuerey. “Guiding diffusion models to reconstruct flow
fields from sparse data,” Physics of Fluids, 2026. (— _{E¥ RirtgSHm1:4:)
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e N. Thuerey, B. Holzschuh, P. Holl, G. Kohl, M. Lino, Q. Liu, P. Schnell, F. Trost. "Physics-based Deep Learning,” Chapter 5:
Probabilistic Learning, https://physicsbaseddeeplearning.org/.
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FALC (2022); EREES (2021, 2018); SEFLA I FHFARSWFFMNF LI (2020); KFHFMERLE LT —%R2E4 (2020);
W RE T R E A (2020); MAETE =42¢4 (2018)
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