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Abstract. Cryogenic hydrogen tank for aviation are complex structural systems that must comply with
multiple stringent thermo-mechanical constraints. A framework for computational design and
optimization of liquid-hydrogen (LH,) pressure vessels for aircraft applications is presented, targeting
the combined achievement of high gravimetric efficiency (1;4,x) and low boil-off rate through a
passively insulated sandwich-composite architecture. The proposed methodology integrates multi-
physics finite-element modelling with nonlinear multidisciplinary optimization under pragmatic
thermo-mechanical and operational constraints. In particular, the framework accounts for features
often neglected in preliminary design studies, including standardized safety factors, airframe
integration effects, non-spherical dome geometries, refuelling cutouts, and anti-sloshing baffles,
enabling a representative assessment of the optimized design space of onboard LH, storage systems.
The study highlights the trade-offs between structural integrity, thermal performance, and mass
efficiency. In particular, the results show that all-metal tank architectures impose a severe mass penalty,
leading to 1;4nx below 30% and therefore limited suitability for highly efficient aircraft concepts. By
contrast, composite-based solutions significantly improve performance, achieving gravimetric
efficiencies up to 50% and mass reductions as high as 57% with respect to metallic counterparts, even
when realistic integration and manufacturing-related features are included in the analysis. The work
also examines scaling effects and the implications of tank size on storage efficiency, highlighting the
penalties associated with smaller volumes. Finally, the optimized storage system is integrated within a
sustainable aircraft concept [1], to assess its impact at vehicle level and to identify potential directions
for narrowing the performance gap with conventional kerosene-fuelled aviation. Overall, the proposed
framework aims to provide a physically grounded and design-oriented tool to support the development
of feasible hydrogen-powered aircratft.
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Figure 1 - a) Isometric view of the LH, strut-braced wing, see Ref.[1]; b) Forward-fuselage section
showing vessel integration and a standard-height civilian male for scale.
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