TECHNISCHE A‘
@ UNIVERSITAT DRESDEN
DRESDEN concept W g d

Thomas Just, Julian Will, Christoph Haberstroh

Faculty of Mechanical Science and Engineering // Institute of Power Engineering
Bitzer-Chair of Refrigeration, Cryogenics and Compressor Technology

Hydrogen Permeability Testing of Fibre Reinforced
Thermoplastics under Cryogenic Conditions -
Validation of a Test Rig Concept

2023 Cryogenic Engineering Conference
Honolulu, 12. July 2023

C30r3B-03



Fibre Reinforced Thermoplastics (FRT) as Construction
Materials in Cryogenic Engineering

= LH, as sustainable fuel for certain mobile applications
» Cryogenic LH, on-board systems

= Stainless steel as conventional construction
material

» Increasing need for lightweight engineering
> FRT as alternative construction materials

= High vacuum insulation required
» Hydrogen permeation through FRT as challenge
» Qualification of H,/FRT permeation necessary
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Comparison of Permeability Test Rig Concepts -
Conventional Setup
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Permeation Cell: Specimen disc fixed between two
flanges
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High pressure chamber: Pressurised side of the cell
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Low pressure chamber: Evacuated side of the cell
To leak detector

Why is there a need for a novel test rig setup?
» Conventional setup is difficult to adapt to cryogenic conditions.
» Specimens should be close to real FRT applications (e.g. fuel tanks, pipes)
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To leak detector
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Validation Experiments - Substitutions

. 1 10079 2 40026
= He-4 as permeant instead of H,
» Simple experiments without huge safety precautions H :> He
» Results are comparable as substances are similar in size Hydrogen Helium

= PTFE as subsitute polymer instead of FRT
» Literature data on He permeation through PTFE is abundant
> Little data available on specific FRT

= First validation at room temperature
> Little data available at cryogenic temperature

= Experiments at cryogenic temperature

> Still ongoing
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Validation Experiments - Measuring He/PTFE Permeability
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Validation Experiments - Results and Conclusion

Nr. T l Ap Qior/107% Q./107° Qp/107* p/10711

(°C) (mm) (bar) (mbar-1-s7!) (mbar-1-s71) (mbar-1-s71) @m?.s1)
1 28.3 100 2.1 4.4 1.0 4.3 3.1
2 26.0 100 1.9 3.8 1.6 3.6 2.9
3 28.9 100 2.1 4.3 0.6 4.2 3.0
4 220 150 1.0 2.6 0.2 2.6 2.6
5 286 150 2.1 8.2 0.3 8.2 3.9
®3.1

= PTFE with wide variation in material properties.

= Literature reports values of P between 1071% and 1071t m? - s~ [5,6].

[ > Proposed test rig is validated at room temperature for homogeneous thermoplastics. ]
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Thank you for your attention.
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