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Cryogenic fluids
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• Cryogenic Fuels as LH2 or LNG are important

on the way to the energy transition

• The behavior of cryo vessesls in accidents

and the consequences are less understood

because of few accidents and experiments

The Zarzalico accident
Spain 2011

[Ive17]][NAS22]

[Air23]

[Pla15]

[Kaw22]



Super insulation systems for LH2 tanks
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Multi-Layer Insulation (MLI) systems

Attractive for tanks in which space and weight are limited

Spacers

Low conductivity material with high void fraction 

made from non-woven polyester or glass fibers

MLI systems ensure:

- High insulation (heat leak ~1 W/m2)
- Small space requirements (~1÷4 cm)

- Lightness (~1 kg/m2)

Applications:

- Laboratory tanks (< 1 m³), 

- Truck tanks (< 1 m³) 

- Road tanker (< 70 m³)

- Ships (< 1250 m³)

[Cos22]

LH2

MLI

High Vacuum Gap (~10-3 Pa)

Radiative layers                      

Low emissivity material   

(aluminium or aluminium-coated polyester)
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Cryogenic tanks equipped with MLI 

exposed to fire may FAIL under FIRE exposure 
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Fire exposure
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Why does  the 

tank fail if it is 

insulated?

[Win22][Win22]

BLEVE

Fireball

Fragments

Tank failure

SH2IFT EU ProjectSH2IFT EU Project

The 

characterization 

of this kind of 

scenarios is 

paramount to 

ensure LH2

safety
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Methodological approach
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Testing MLI behaviour at high temperature
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Pressure sensor

Evacuation and vent line

Top 

cover 

Wall 

Heat shield 
Heat exchanger 

Bottom wall 

thermocouple

Bottom 

MLI-Sample with 

MLI carrier

Heat exchanger 

inlet and outlet Heat shield inlet and 

outlet

Heating element

- vacuum conditions up to 10 Pa

- maximum wall temperature of 850 °C

Heat exchanger 

MLI

Vacuum gap

Bottom wall

Heating element

Water in Water out

[Ebe23]
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Experimental Results
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Fire tests with tanks for
LH2 within the SH2IFT 
project
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Perlite + vacuum
(vertical)

MLI + vacuum
(horizontal)

Perlite + vacuum
(horizontal)

[Win22]
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Heat transfer modelling
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The heat transfer model is based on the “Layer by layer” approach proposed by 
McIntosh in 1994 [McI1994]

radiative layerspacer

ii+1 i-1

𝒒ⅈ−𝟏

𝐷𝑥 𝛿𝑟𝑙

MLI system

𝒒ⅈ

1-D heat balance to the i-th radiative layer

𝜌𝑟𝑙𝛿𝑟𝑙𝑐𝑝,𝑟𝑙
𝑑𝑇𝑖
𝑑𝑡

= 𝑞𝑖 − 𝑞𝑖−1

3 heat transfer mechanisms considered

𝑞𝑖 = 𝑞𝑟𝑎𝑑
𝑖 + 𝑞𝑠,𝑐𝑜𝑛𝑑

𝑖 + 𝑞𝑔,𝑐𝑜𝑛𝑑
𝑖

𝑞𝑟𝑎𝑑
𝑖 =

𝜎

2
𝜀𝑖
− 1

𝑇𝑖+1
4 − 𝑇𝑖

4

𝑞𝑠,𝑐𝑜𝑛𝑑
𝑖 =

𝐶2𝑓𝑘𝑠
𝐷𝑥

𝑇𝑖+1 − 𝑇𝑖

𝑞𝑔,𝑐𝑜𝑛𝑑
𝑖 = 𝐶1𝑃𝜃 𝑇𝑖+1 − 𝑇𝑖

Layer to layer radiation

Spacer conduction

Gas conduction 
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𝑌𝑠,𝑖
𝑛

𝑌𝑠,𝑖 =
𝑚𝑖

𝑚0

𝑌𝑠,𝑖 0 = 1

𝐴, 𝐸𝑎, 𝑛 obtained by TG analysis

𝑓𝑖(𝑌𝑠,𝑖) = 𝑓0 ∙ 𝑌𝑠,𝑖

𝛿𝑟𝑙,𝑖(𝑌𝑠,𝑖) = 𝛿𝑟𝑙,0 ∙ 𝑌𝑠,𝑖

Spacer solid density

Layer thickness

When 𝑌𝑠,𝑖 = 𝑌𝑠,𝑇 → the i-th layer is 

removed

Based on apparent kinetics of degradation

Thermal degradation model for polyester based MLI
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Thermal degradation model for aluminum based MLI
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Model validation for polyester based MLI
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Model validation for aluminum based MLI
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Note: results refer to a 2D simulation



Lumped model for the simulation of tank 

behaviour under fire attack model
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ሶ𝒒" = 𝝈𝜺𝒘 𝑻𝑭
𝟒 − 𝑻𝒘,𝒐𝒖𝒕

𝟒 + 𝒉 𝑻𝑭 − 𝑻𝒘𝒐𝒖𝒕

𝒅𝑼

𝒅𝒕
= 𝑨𝒉 𝑻𝒘,𝒊𝒏 − 𝑻 − 𝜙 ሶ𝑚𝑃𝑅𝑉

෡𝐻𝑃𝑅𝑉

MLI 

degradation 

model

Tank parameters

Diameter 0.6 m

Length 1.2 m

Volume 0.31 m3

Filling 80 %

Standard fire curves
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Results of case studies: HCinc fire curve
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Results of case studies: ETK fire curve
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Parametric assessment of wall temperature effect
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Thermal autonomy test (ISO 139985-2006): Tfire=590 °C, exposure time = 5 min



Outlook

Fire testing at cryogenic conditions

19

Periphery of the CHTTVC
Openable double wall

Inner tank that enables storage 
of liquefied nitrogen (LN2)

Transition zone from the heated 
to the cold part

Heating mats and its thermal 
insulation at the circumstance

Heating mats at the bottom 
with thermally insulation

Load cells

01.10.2024 ELVHYs Stakeholder Workshop - Liquefied Hydrogen Tanks With Multilayer Insulation Exposed to Fire



Outlook

Research fires for the approval of tanks
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Poolfires Tire-fires Carbine-

fires

A calorimeter simulates a tank in a fire
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