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Simulation of Secondary Cooling System

) Challenge: Al data centers require complex liquid-cooled pipe networks with variable topology and
boundary conditions. Running full CFD for every design variant is computationally prohibitive.
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@ Background & Motivation

Phase 1: CFD Simulation Framework: Automated mesh generation for
variable-topology pipe networks in OpenFOAM, validated against ANSYS Fluent.
The framework enabled large-scale generation of CFD training data for deep
learning surrogate models.

(d Two-phase and phase-change cooling are
critical for efficient thermal management in
next-generation data centers with rapidly
increasing chip power density.

J Lattice Boltzmann method (LBM) is well
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Methodology @ Representative Results

Phase 2: Simplified Secondary-side Pipe Network of High-efficiency Liquid-cooled Systems in Al
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e P Impact & Outlook
4 " With increasing top heat flux, porous skeleton
Cooling-performance temperature rises and liquid level drops, while _ o . o
l' o ohase change rate and heat flux through the * Industry Impact: Collaborating with industrial partners to enable more efficient and
i e medium first increase then decrease, depending reliable thermal management for next-generation Al data centers through advanced
L parametric study J \.on porosity and specific surface area. ) two-phase cooling, phase-change modelling, and liquid-cooled network optimization.
\ J J * Cooling Innovation: Establish an LBM-based simulation framework for Leidenfrost
™\ dynamics, altered-gravity boiling, transpiration cooling, and other high-heat-flux
Q Conclusion thermal-management applications.
e Al-Enabled Design: Develop MLP- and GNN-based surrogate models that rapidly
d Numerical algorithm: A multiphase thermal LBM framework was predict temperature, pressure, velocity, and flow distribution across variable-topology
established to capture phase change, interface evolution, and coupled cooling networks, reducing dependence on repeated full-scale CFD simulations.

* Long-Term Vision: Integrate automated CFD, multiphase modelling, and intelligent
surrogate prediction into a unified design platform for real-time optimization of
terrestrial, aerospace, and space-based data-center cooling systems.

flow—heat transfer at the mesoscale.

J Data-center cooling cases: Leidenfrost dynamics, altered-gravity
boiling, and transpiration cooling were simulated to reveal key
mechanisms for advanced two-phase data-center thermal
management. ° o
J Future work: The model will be extended to non-Newtonian boiling

heat transfer to investigate rheology-dependent bubble dynamics and INOHK Q 0 I:p D H‘*L
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