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Context

University

ENABLEH2- Enabling Cryogenic Hydrogen-Based CO2-free Air Transport

Liquid hydrogen (LH,) is an alternative to hydrocarbon
fuel sources that could lead to a zero carbon industry.

Maturing key enabling technologies for LH, which will
contribute to decarbonising civil aviation (TRL 2 — TRL4):

1. Hydrogen micromix combustion — ultra low NO,

Fuel system heat management concept

2. Fuel system heat management — exploiting LH,’s
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Technology Evaluation
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1. Qualitative technology
down-selection

2. Best case scenarios for
Jet A-1, LNG and biofuels

3. LH2 T&W and BWB
aircraft system modelling

4. Technology and scenario
evaluation

Long Range concepts Short- medium Range concepts
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LH,

» Hydrogen liquefies at 20.3 K (-252.9°C) — storage
vessels require cryogenic systems and sophisticated
insulation techniques

Technology Evaluation
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Tank structure |
» Cylindrical tanks with hemispherical cap ends tintion
- Dimensions, material and fuel storage properties Key modelling parameters Miuel flow
My Mass of mixture P mix Pressure of mixture
- Wall Viix Volume available Miuel flow Mass of LH, extracted
o\ _ D, External diameter Myent Mass of fuel vented
e Insulation (. Thickness of insulation (at time step)
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Modelling approach
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Hydrogen mixture properties Heat transfer is based on:

* Inside the tank there is a mixture of liquid and « Tank dimensions

gaseous hydrogen at all times . Insulation material

 The mixture is at saturated conditions and

: * Fuel and ambient temperature
considered homogenous

Qconvfuel = Qcond = Qconvair T Qrad

36 Instilation Ambient Air :
Critical Point :
32 R — Qg !
,/' \ O-Go‘\d :
S satm I\ — Vapour / !
28 / : QconvAir T |
/ \ . . TsZ _ lamb i
X 24 / \ — Liqud (AN $z 0 2 - ----- :
/ 1 atm \ !
20 PT| = Rate of pressure change O : Heat Transfer
16 J/ > N hy : Latent heat of
J Mahz / ML N @ _ f Q — Moyt g - (x + Pg Vaporisation
’ ~ dt V out P — Py M :Mass
12 1 p :density
-5 5 15 25 35 b=—"= ¢ :Energy derivative
s(k)/kg K) P (@)p X @ Mixture quality
- GAno. 769241  15.10.2020 3RD ECATS Conference, 13 — 15 October 2020 5

A factor is applied to account for temperature stratification
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Long range mission

2 hours ground hold before take-off

Assumes no GH, is vented for

pressure relief

Tank wall sized to withstand maximum

pressure difference

Tank is oversized to compensate for

the evaporated (unusable) LH,

- GA no. 769241

15.10.2020

Mission level assessment

Insulation

GH2

needs better insulation
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Conclusions

Methodology to design and size cryogenic fuel tanks

Consideration of pressure changes within the tank is critical to design

Design must withstand maximum pressure difference cycles

Tank oversized to compensate for evaporated LH, — implications of considering boil-off
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