
Feedthrough Provisions for Argon Purity

ProtoDUNE & DUNE



CFD Study of ProtoDUNE Signal Feedthrough



ProtoDUNE Cross Tube Cable (CTC) Support
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CFD Model of Signal Feedthrough Chimney
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Outer surfaces
6 W/m2-K @ 293 K

Gas outlet:
0.35 g/s

Water mass 
flux from 
Teflon cable 
insulation

87.93 K @ 
LAr/GAr interface

Reference: ProtoDUNE Ullage Space CFD Model, Erik Voirin

GAr temperature in ullage

Liquid Surface Boil Off Flux of 
ProtoDUNE: 21 g/s from Liquid 
Model (see Ref)



Water release of Teflon wire insulation
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H2O_Flux = 0.216*sqrt(2.715e-12*exp(-4988[K]/T)) [kg m^-2 s^-1]

Assume after 100 days drying

Reference: Mass Transport of Water in Teflon Down to Cryogenic Temperatures; a Transient Numerical Analysis, Erik Voirin

H2O mass flux at Teflon surface



Diffusion Coefficient of Water in Argon Gas
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Reference: Diffusion Coefficients of Water and Oxygen in Argon, Erik Voirin

The curve can be fitted as
H2O_Diff = 0.275 [cm^2 s^-1] * (T/300[K])^1.9*(1 [atm] /Pressure)



Results: Gas Flow, Temperature and Moisture Diffusion
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Gas flow in chimney Temperature Moisture Diffusion

Moisture diffused into ullage ~ 9x10-16 g/sec



DUNE Signal Feedthrough
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Gas Flow Path in the Cryostat Penetration
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Gas Flow Path in the Cryostat Penetration

Without Teflon Duct

Two gas entrances.
Flow direction 

difficult to predict.



A simplified CFD (fluid volume only, no solid parts included)

Assumed Teflon duct is not installed. No thermal or gravity is considered in this simulation. 

Although it shows all gas flows upwards, not sure if flow direction will change once include thermal and gravity in the CFD.

Z-X middle plane Z-Y middle plane
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