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Background

Gas-bearings supported micro-turbomachinery is an emerging field in fuel
cell applications. They allow for the deployment of compact, oil-free, mainte-
nance free turbine-driven compressors for mobility applications [1]. However,
their efficiency is highly dependent on that of the turbine and compressor
being used. Should the manufacturing processes deviate from the nominal
design point, or its operating conditions change to adapt to a different load,
or varying atmospheric conditions, best performance may no longer be guar-
anteed. This is why robustness against deviations from the nominal design
point, and modularity with respect to operating conditions, are among the
design goals of a fuel cell turbocompressor.

Systems are often engineered by evaluating their performance exclusively
at nominal conditions. Robustness and modularity are sometimes evaluated
a-posteriori through a sensitivity analysis, which does not guarantee an opti-
mal design. These sensitivity analysis could be introduced in the early stage
of the design process as objectives and/or constraints of the optimization.
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While a surrogate model has been developed to allow for fast design of the
compressor wheel [2], the current numerical turbine model available is too
slow for this task.

Objective

The objective of this project is the surrogate model of the experimentally
validated 1D radial turbine model with feed-forward neural networks. This
has already been successfully done for the 1D radial compressor model. You
will extend generate data by calling the turbine model and train the neural
networks. (Master project only) You will deploy the model in multi-objective
optimization and identify the parameters impacting robustness and modu-
larity.

Tasks (working plan guideline)

1. Literature review on artificial neural networks, data sampling, radial
turbines, (master thesis only) multi-objective optimization and feature
selection

2. Generate data with the 1D turbine model

3. Train new neural networks for state classification and efficiency pre-
diction

4. Validate the surrogate model by performing a time and relative error
comparison with the 1D code

5. (master thesis only) Further validate the model by performing a nom-
inal multi-objective optimization with the 1D code and the surrogate
model

6. (master thesis only) Perform a multi-objective optimization and find
a suitable robust and modular compressor wheel for an existing exper-
imental test-bench of the LAMD

7. (master thesis only) Identify main parameters impacting nominal per-
formance, robustness and modularity
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