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Scope

* Why Liquid hydrogen?
* Liquid hydrogen fuel tank for the aviation industry.
* Challenges sloshing phenomena brings to liquid hydrogen fuel tanks.

* Horizontal Isothermal sloshing experimental setup, results and
discussion.

* Vertical Isothermal sloshing experimental setup.
 Summary of work and outlook.



Why Liquid Hydrogen as aviation fuel?

* To reduce aviation CO2 emissions new propulsion fuels are required.
Green hydrogen has the potential to remove CO2 emissions emitted by aviation.

Hydrogen specific energy density ~3x higher than kerosene makes hydrogen a
natural alternative.

Volumetric energy density ~4x lower than kerosene
LH2 exploits the full potential of hydrogen as aviation fuel.
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LH2 fuel tanks for commercial aviation

* Kerosene storage to LH2 storage in a conventional aircraft.
(1) Larger volumetric energy density
(2) Cryogenic liquid pressurised fuel tank.
* Resultis a ‘dry wing’ aircraft, fuel tank within aircraft fuselage. 2D representation in this work.

* Aircraft are susceptible to unique accelerations — vertical/lateral gusts — sloshing in cryogenic fuel
tanks is a known problem.

* Pressure fluctuation induced by sloshing.
(1) Rapid pressure drop may impact structural stability of fuel tank.

(2) Condensation leads to fluid heating potential overpressure. N
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Sloshing phenomena in LH2 fuel tanks
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* Ariane 5 pressure drops in operational environments.
* Sloshing has significant effect on heat and mass transfer.
* Thermophysical properties highly dependent on
temperature.
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Significant pressure drops, fuel delivery issues.
Sloshing wave amplitude an important parameter.
Isothermal testing considered first.



Horizontal isothermal sloshing

e Quantify sloshing displacement for small
forcing amplitudes.

* Validate Liquid natural Frequency from [4], Liquid Natural 1203 1299 1471
on = JA Frequency (Hz)
0= TR
g Amplitude (mm) 05,1,2 05,12 05,1
* Electromechanical actuator provides sinusoidal Frequency (Hz) 1.0-1.4 1.1-1.6 1.2-1.8

input.




Image processing algorithm
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Horizontal sloshing modes
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Fluid centre of gravity lateral response

Lateral motion of the Centre of Gravity Response
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Bulk fluid velocity and position

Lateral motion of the Centre of Gravity Response
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Vertical isothermal sloshing
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Similar methodology as horizontal cases. Initially exciting first symmetric mode



Vertical isothermal sloshing

FASTCAM SA4 model 500K-M3

* This excitation applicable to vertical e
gusts and dynamic landing.

* Appears steady state.

* Jet breaking may lead to instability
displayed.

Test case

e f=1.85Hz

* A=65mm

e g=8.8m/s?




Conclusions

 Where the sloshing amFIitude is large (near resonance) we expect pressure
drops in the fuel tank ullage space to occur.

* At this point we require sloshing suppression and/or pressure and temperature
control systems.

* This work verifies the 2d-approximated geometry in this experimental campaign
with theoretical values, where the fluid response is linear.

* Results show a softening non-linear response for increasing forcing amplitudes
where resonance shifts away from the linear case.

* The frequencies at which pressure drops occur may be dependent on the
amplitude of excitation.

* Current Work
 Vertical excitations experimental test rig (accelerations up to 1.5g).

* Future Work
 Realistic time series from gust spectrum.
* Non-Isothermal experiments.



Thank you for your attention

Questions?

stuart.colville@plymouth.ac.uk
https://www.linkedin.com/in/stuart-colville-475775181/
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