
              

             

       

        

        

        

    

 
          

    

 

 

 

                

           

      

        

    

Motivation

GPU-Accelerated Hybridizable Discontinuous Galerkin Solver
M     F     

Su         : C     Gü    , I       A    u A  u   

PhD Aerospace Engineering UC3M 

Doctoral Meetings 2026

State of the Art

Methodology: HDG for Poisson 

Preliminary Results

PhD Student: mfatehi@ing.uc3m.es

Supervisors:  cgurkan@ing.uc3m.es

iandreu@ing.uc3m.es

Objectives

To develop a GPU accelerated high order in-house fluid

solver based on Hybridizable Discontinuous Galerkin (HDG)

spatial discretization.

Develop a Python-based GPU HDG framework                                      
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For linear elasticity problem solved in a

N×N×N cube domain, based on [4]
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Governing PDE

−∇ ⋅ ν∇u = f in Ω

HDG reformulation:

𝐪 + ν∇u = 0, ∇ ⋅ 𝐪 = f 𝑖𝑛 𝐾𝑖

Local Weak problem on each element Ki:

න
Ki

v ∇ ⋅ 𝐪 dV +න
𝜕Ki

ντv u − ොu dS = න
Ki

v f dV

න
Ki

𝐪 ⋅ wdV −න
Ki

νu ∇ ⋅ wdV + න
𝜕Ki

νොu w ⋅ n dS = 0

After discretization, the local problem becomes:

Auu
Ki ui + Auq

Ki 𝐪i + Auෝu
Ki ොu = fu

Ki

Aqu
Ki ui + Aqq

Ki 𝐪i + Aqෝu
Ki ොu = 0

Independent local element solvers: (u,q) → ෝ𝐮

ui = UKi ොu + fU
Ki

𝐪i = QKi ොu + fQ
Ki

• Increasing parallel CPU              about 10% 

improvement     NGS    .
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globally coupled sparse system   
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Schematic of an H-Darrieus VAWT, adapted from [2]

Apply the framework to VAWT 

aerodynamic simulations
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Turbulence model

(Spalart–Allmaras)
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Benchmark, validate, and compare against existing solvers

Why HDG?
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Wind Turbine (VAWT).
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Improved GPU implementation compared with NGSolve

using 4 CPU cores [9].

Vorticity 𝑍
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Solver Method

NGSolve [5] DG/FEM High-order finite elements

Exasim [6] DG/HDG
High-performance PDE 

simulations

HORSES 3D [7] DG
High-order compressible 

CFD

OpenFOAM [8] FVM
Open-source CFD 

framework
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