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Why ∇Hydrodynamics?

𝒖 ∙ ∇𝒖 − 𝜈∇2𝒖+ ∇ ∙ 𝝉 + ∇𝑝 − 𝒈 = 𝟎
∇ ∙ 𝒖 = 0

• Adjoint-based optimization
• Large multi-disciplinary optimization (MDO)
• Non-parametric geometry optimization

• Control co-design
• Physics-Informed Machine Learning



Automatic Differentiation

𝑥2 + 𝑥𝑦 + 2

𝑓′ =
𝑓 𝑥+ℎ −𝑓(𝑥)
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Finite Difference:
• Cost = n_inputs x function

Automatic Differentiation:
• Cost = 2 x function



Boundary Element Method
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Boundary Element Method
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Automatic Differentiation of BEM

• implicitAD.jl

• Custom gradients

BYU FLOW
Lab



Preliminary Results
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Gradient of Added Mass w.r.t. Radius



Next Steps

• Finish verification of gradients

• Demonstrate use in optimization study

• Release: Code structure & documentation

• Parallelization & GPUs
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