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Gas Release from drilling and soil deposition
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At the grain/pore level

A
/ @ Vapor is in the pore spaces
/ > .
; between grains
5 // @ Hy0 assumed in
Fy O.o>/ quasi-equilibrium with solid
ot i Ny ice-surfaces - at saturation
~ o0 bP vapor pressure for soil
_~/H,0 \
o\ 2 -~ . .>  temperature
» N NS .
| R —— @ N> and Ar are residual from
3 \ /£ - \ atmosphere prior to pump
&S ‘ / down

—— @ Pore and grain are similar



Fick's Transport
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Simple Model for Gas Loss from a Slug of Soil

@ Assume a cube, with only the top open
to vacuum

@ Porosity is such that pore size and grain
size equal - assume 75 pum pores

@ We model the gas diffusion out of this
volume

@ Assume each side of cube is 10 cm in
length
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Fick's Transport
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Density profile of Vapor Density vs Depth and Time

L=10 cm, Temp = 226.5
" Time(sec) -
1.0e-06 || The time scale for
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2-D particle simulation

Mass fraction (time)

Fick's Transport
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2-D Fick Diffusion Code ]
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of degassing: Mass fraction lost

@ We have developed 2-D and 3-D
(parallel, f95+mpi) gas diffusion
codes

@ Used here with same temperature,
pore size, etc. as analytic solution

@ Numerical and analytical
solutions agree well

@ Therefore these codes can be used
for more realistic shapes,
configurations, etc.
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2-D Molecular Simulation of Vapor Profiles in Soils
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@ This simulation contains 5000
molecular per pore space to start
with

@ As time goes by, molecules diffuse
stochastically out of the soil volume

@ The simulation zooms in on
evolution over the first 0.04 sec,
and 10 cm of soil

@ Solid lines denote the analytical
solution for this isothermal problem
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A More Realistic simulation should include regolith grain
“occlusions”
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Fick's Transport
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3-D Modelling

@ 13363 cubical mesh

. __l LN I L R R BN L B LI R ° Four Weeks per
b 5 simulation on 200
ol .
Lol ; processors
QLo - . M . "
T of 1 @ Grain “occlusions
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Sublimation
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Sublimation

Sublimation /Diffusion

@ This is like the “no obstacles” gas
calculation, but controlled by

E -F E residence time of water molecular on
S of 3-D Fick Diffusion Code ] grain surfaces
IE °r D=v,l/6 ] @ Two residence times: more than 10
- g :— —: monolayers given by ice-ice
g r D=12/(67) . 1 (Schoerghofer & Taylor 2007),
s ; e e . otherwise 10 times larger
g o~ :_ ,,,,, —"3-D Sublimation Code _: @ De-gassing is much faster than the
w ©F /// T= ‘}~0_9X7150_° S H20 sublimation/diffusion process
7] L7 = pm
go.— T PR TSR AR BT ETE @ Only the top monolayer is available at

10 20 30 40 50 each time step

time [s] @ 13363 cubical mesh, on 200

processors has taken ~ five weeks
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Current Work

Simple Model for Gas Loss from a Slug of Soil in the drill

Top Auger: Shallow
and Steep Flutes

Sampling Auger:
Deep and Low
nnnnnnnnnnn

Orill B

@ cubical 3-D mesh, 3002 x
1300

@ Outer surface is free, no flux
in the Inner surface, upper
and lower surfaces are
periodical

@ There is an analytical model



Future Work
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Future Work

o Realistic distribution of regolith sizes currently we are
assuming 75um [Fick and Sublimation]

@ More Realistic distribution of velocities So far we are only
considering one single speed: Vipormal [Fick]

@ More realistic geometries [Fick and Sublimation]

e No homogenous temperature field [Fick and Sublimation]
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oe

Even more realistic cases: Drill hole process

Dry soil

==Foil barrier==

@ More complex geometries can be
simulated

o Gas diffusion following foil breach
@ Ongoing sublimation out of wet soil

@ Predict Hy loss and compare with
Glenn's repost H,O distributions.
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Conclusions

@ We have implemented parallel (f95+mpi) 3-D Fick's Diffusion
and Sublimation codes

@ We are currently increasing the geometrical complexity of the
modeling

@ At the temperature considered (T= 226.45 K) the Fick’s
flow is much faster than the Sublimation/diffusion

@ Tortuosity slows the flow considerably

@ This research has considerable implications in the
understanding of volatile's transport in the lunar subsurface.
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