Heat and Mass Transport in
Ullage Space
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Use Computational Fluid Dynamics
(CFD) to study fluid behavior
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CFD Model of Argon Purg
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CFD Model of Argon Purge

e Measurements vs. CFD model

Experimental vs CFD Results for Argon Gas Purge
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CFD vs. Measurements

Oxygen Content (PPM)
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Experimental vs. CFD Results (Time Shifted)
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m CFD@O0.752m (Time adjusted)

e Megsured @1.564m

CED@1-S64m {Ti justed)
™ —— Measured@2.376m
B CFD@2.367m (Time adjusted)

Measured@3.192m

L = CFD@3.192m (Time adjusted)

0.00

1.00 2.00 3.00 4.00 5.00 6.00 7.00

Time from Purge Start (hours); CFD shifted to simulation time + 0.42 hrs

Differences at lower part of cryostat due to measurement technique (siphoning
gas) and inconstant pressure during purge.
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Residual Air Percentage
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Impurities releasing into Ullage Space
 Warm ullage space causes release of water.
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Initial Impurities in Cryostat

* Cryostat filled with air

— Contaminants in the air

* Water Sources
— On surface of vessel walls
— On all other surfaces
— Inside of non-metallic parts

e wire insulation, FR4, etc.



Sources of Impurities (material)

* Water concentration can vary greatly in
different materials.

— FR4 0.2% — 0.6%
— Polyolefin 0.3% - 2%

— PTFE 0.02%

— Teflon 0.01%

— PVC 0.1% - 31%(!)

— Polyethylene 0.2% - 0.6%

* From NASA.outgassng.gov (Baller [1])



Sources of Impurities (Temperature)

(using Teflon as example)
Highly temperature dependent! (Arrhenius’ Law) (Baller [1])
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Advection of Impurities
(MicroBooNE Feedthrough)

e Adventive
motion and
turbulence will
mix gas enough
to cause some
impurities to be
absorbed by
liquid surface.

LAr Workshop

NNSYS

Streamline Velocity

0.20000 I

0.05318

Wire Temperature

- 279.8
- 269.7
- 2507
F 2497
239.6
- 2206

0.01414

Buoyant circulation of argon gas in one of MicroBooNE's purged wire chimneys, as predicted by CFD
methods. This increases mass transport and severely reduced the effectiveness of purging the chimneys.
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Advection of Impurities ANSYS
(MicroBooNE Feedthrough)
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Streamline 2 Figure 10
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Estimate Impurities in LAr

ImpurityFlow = TimeToRecirculate
MolFractionWater =

+ MolFractionFilteredAr
Mp20

* 04, * Volume
MAT

* ~20 times higher impurity magnitude if using
LDPE insulation vs. Teflon

— Due to saturated water concentration difference

* Impurities from wire in feed throughs 3-5 orders
of magnitude higher than ullage space wires.

— Due to large temperature dependence of outgassing.




LAPD Impurities in Gas Space

(Work in progress)
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[m s7-1]

Gas Space Velocity

33KT Ullage (much different than LAPD)

[m s*-1]

Liquid Interface Velocity
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Temperature
Contour 2
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o Patch at
Diffusing later time

patch

Turbulent Diffusion

TS

Chemical plume released iso-kinetically into fully developed open channel flow.
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Example of velocity field as seen from the mean flow velocity frame of reference. The green

line is an attempt to trace a path from left to right, accounting for the influence of the eddies.
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Impurities In Liquid Volume

(Quite Homogeneous)

Impurities absorbed by liquid surface

818 ImpurityFlow =75.6 ng/hr Clean Liquid

810  Average PPQ = 900.594 ;
Max PPQ = 974593 Argon from Filters

LAr Workshop  Impurity Distribution for magnitude. of impurity flow {Impurity flow estimates Bruce Baller}
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