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Motivation

« Unexpected ejection of a cryogen into large confined spaces can result in hazardous

conseguences (Oxygen Deficiency Hazard, cold injury of living tissue).
* Need for monitoring the development of the event in real time and with minimal time delay.
* Need for determination of a minimal range of physics, which should be represented by a
sufficient and trustworthny model (very rapid expansion of the cryogenic gas, non-trivial

mixing, importance of condensation ?).

 Verified model can be exploited with confidence to evaluate the consequences of an

Incident in arbitrary geometry, amount of the released cryogen, location, size, etc...

 Knowledge about propagation velocity and the composition of the gas mixture cloud is

crucial for a proper evaluation of a risk



Alm and Scope

Conduction of the real scale experiment: controlled release of liquid helium into the LHC
tunnel at CERN.

Usage of novel, in-house manufactured (WUST), ultrasonic helium detectors.

Presentation of a minimal mathematical model and its numerical implementation.

Validation with the experimental results.
Numerical investigation of consequences of the helium spill with different mass flows.

Usage of an open source CFD toolbox — OpenFOAM.
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Experimental setup
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Experimental measurements of the helium release into the LHC tunnel
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A comparison of dynamic oxygen content measurements produced by ultrasonic detector (black line) and
electrochemical detector (blue line).



Experimental measurements of the helium release into the LHC tunnel
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Experimental measurements
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Mathematical model and numerical implementation

OpenFOAM (Open Source Field Operation and Manipulation) CFD toolbox
 Effectively used in diverse and challenging applications

« Compared with analytical solutions and experimental data
* ReactingFOAM solves for heat transfer and mixing of compressible gases

Finite volume discretization and the PISO (Pressure Implicit with Splitting of Operators)
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Stratification
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Numerical results for different helium mass flow — minimal values of 02, T
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Numerics for different helium mass flow — Propagation of the he-air cloud
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Conclusions

» Generic approach for the emergency spill of cryogenics gases into confined spaces was
presented.

* It can be predicted that the O2 can drop below 16%, for the helium mass of 25.5 kg or 33
kg, at the locations of 1.75 m or 0.5 m respectively

« Considered formulas can be used for the extrapolation. It can be predicted that the O2 can
drop below 18%, for the helium mass of 18.8 kg or 8.5 kg, at the locations of 1.75m or
0.5m respectively.

* He cloud moves faster for larger leaks. The velocity increase is of log, it suggests that a
limit of the velocity of the cloud. This limit can be related to e.g. the geometry of a tunnel.
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