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Background

 Porous media in vacuum
— Vacuum break filter
— Standard conductance element

— Perforated plate
— Rough surface ... Symmetry
| LR
e Porous media models in DSMC method :'i:l_".:‘?:' ol m
— Random solid cells 3, l!_:- ?-.'.','i
— Packed cylinders (2D) and spheres (3D) :‘g’ ﬂ . -l-'lﬁ:-: i é:)
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Background (cont’d)

 DSMC example using random solid cells (RSCs)
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Motivation

* Novel porous media model - Virtual Solid Cell (VSC)

RSC VSC
B solid
Fluid y
/P
AR
i — X
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Theory — Random Solid Cell

* Porosity for uniform mesh

N¢Vs
£ =——
NpWp

B solid

Fluid

N:Number of cells, V: Cell volume

f: Fluid, p: Porous media

* In RSC model, Vr =V,

p Ratio of # of fluid cells

to total # of cells inside
porous media
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Theory — Virtual Solid Cell

* Porosity for uniform mesh M solid
Fluid
NeVe
£ =
No¥p

» In VSC model, Nf = N, ’
Vf Vv

€vsc = Vp Volume fraction
of fluid in a cell

* Inter-cell transfer probabilities

N Vg
p’l p;]
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Theory — Virtual Solid Cell (cont’d)

e Fluid volume 1n a cell H solid
Fluid

Ve = (P.Ax)(P,Ay)

= ERsC,iERSC,j Vp

e Therefore,

Vf b%
EVsc = v — E€RSC,i€RSC,j
p

* For uniform porous media

EVsSc = Efz{sc for 2D
(easc for 3D)
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Theory — Brief Summary

* RSC can be replaced with stochastic procedure in VSC

VSC
B solid
Fluid y
/,.
(1, J)\

Y% g
&ysc = v €RSC
p
n =2 for2D
Ratio of # of fluid cells 3 for 3D

Volume fraction
of fluid in a cell

to total # of cells inside
porous media
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Stochastic Procedure in VSC

* When a gas molecule reaches a cell(i, j) boundary

— Call a uniform random number U [0,1]

A) It U < eysc(i,))

— the gas molecule can go inside cell(i, ;)

Celli,/) | ™
B) Else A/ R

— reflection / sticking / reaction at the boundary

&
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Limitation
* VSC should be used under following condition,
A = max(Ax, Ay, Az),

which 1s the same for DSMC
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Application Example #1

* N, flow passing through a porous media wall (eggc = 0.673)
RSC VSC

300

200

V., (m/s)
[

00 | —-vscap

Velocity (m/s)

B
0 324.17 0 324.17

1 Pa Pressure (Pa) 0 Pa Pressure (Pa)
HES E 2
0.0036975 1.0178 0.0036975 1.0178

Porous Media Pout .

0 2 8 10 mm
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Application Example #1 (cont’d)

* Effects of sticking coefficient (S.) of porous media wall

n (1020/m?)

— 1D simulation using VSC model

N, number density profile
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Application Example #2

* N, flow passing through a porous media wall formed with multiple
porous obstacles

Porous Wall (eggc = 0.445)
A

Obstacles (eygc = 0)

P, =0Pa

Number Density (m)
T 1
2.4568E20

Obstacles (eygc = 0.01)

Number Density (m)
T _
4.9558E17 2.4568E20
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Application Example #3

* He gas temperature between parallel plates

T'=363K, =0.5

Rough Surface

He, Kn=4.59

I'=293K, a=0.44

. .
328.58 355.33
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Application Example #3 (cont’d)

* Actual modeling of surface roughness with VSC
7'=363K, a=0.5

Rough Surface
: A-AA'A‘**} 2 layers of VSC (eygc = 0.5)

He, Kn =4.59

/ Reference \

1'=293K, a=0.44

T '
328.58 355.33
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Conclusion

* Virtual Solid Cell (VSC) can be used to model

— porous media
e 1D

» porous media with multiple/mixed porosities
— surface roughness

— etc...

in DSMC

* VSC makes DSMC more practical
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Thank You

* Ref: K. Denpoh, Vac. Surf. Sci. 66, 490 (2023).

&

K. DENPOH, JVSS2023, Nagoya, 2023, 11a06



