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Turbine Blade Design and optimization

Research 4: BladeBench - Opensource Blade DataSet

Impact & Outlook
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Research 3: Multi-scale Computation Algorithms

Practical case: film-cooled C3X vane Accuracy: GE-E3 pressure side
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Research 1: Turbine Blade Parameterization

Research 2: Automatic Mesh Generation

Impingement SleeveDouble-wall features Blade Root Design (Platform + Fir-tree Root)

Cooling & Root Configurations: double-wall · Impingement Sleeve · fir-tree blade root — each 
fully parameterized and meshed in a unified framework.

Geometry-to-Matrix Parameterization of 
Turbine Blade Cooling Features Serpentine channel & Cooling Feature Parameterization

Collision-aware hybrid mesh generation

Boundary-layer prisms, transition cells and tetrahedra grown from a surface mesh.
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FEATURES
· narrow gaps & sharp corners · periodic boundaries  
· adaptive normal directions · fast collision detection

Research 5: Vertical Axis Wind Turbine
VAWT performance optimization using blade-geometry modification

Blade Geometry Modifications

Spatiotemporal evolution of surface-flow parameters
• VAWTs have strong potential for wind-energy harvesting in complex urban wind environments. 

Understanding near-blade flow, wake interaction, and separation is essential for improving 
aerodynamic performance, structural reliability, and net energy extraction.
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• Passive and active flow-control strategies to mitigate dynamic stall and 
enhance favorable pressure differences

Controlling blade-scale flow separation is the key to improving VAWT power output and 
structural reliability.

Why BladeBench
• AI-based blade design needs a large, diverse, standardized dataset.
• Existing datasets are narrow, not unified and rarely open-source.
• BladeBench is an open-source dataset featuring unified geometry 

parameterization and PI-theorem-guided boundary-condition generation.
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From a blade profile, the framework builds 3D cooling geometry and high-quality FSI meshes 
for design iteration—handling complex geometry control, automatic fine-feature generation 
(impingement sleeves, flow ribs), robust Boolean operations, and stable curve insetting.

• Industry Impact: Collaborating with industrial partners to enable faster, more 
reliable design of advanced turbine blades through integrated parameterization, 
automated meshing, and multiscale simulation. 

• Design Revolution: Establish a unified geometry-to-simulation workflow for 
complex cooling passages, blade roots, fine features, and fluid–structure interaction 
meshes, significantly reducing manual modelling effort. 

• AI & Open Data: Expand BladeBench as an open, standardized dataset for AI-
assisted blade design, surrogate modelling, performance prediction, and automated 
optimization. 

• Long-Term Vision: Partner with industries and research institutes to validate, 
certify, and deploy next-generation blade technologies in gas turbines, aero-
engines, and urban wind-energy systems.
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