Gas simulations with
Monte Carlo methods

6 April 2022 - Marton Ady



The problem
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LHC: Pressure below 1E-9 mbar (0.000000 000001 * atmospheric)




High pressure: fluid dynamics High vacuum: random walk

V=1058775
n=4

RECORDED WITH i
kT =5.241 kT =3.573

PVInkT = 1.014 SCREENCAST ( ® ) MATIC PVInkT = 1.245

P(V-nbnkT = 0.821 I | | P(\-nb)nkT = 1.245

Pumping by suction Pumping by capture




Analytic methods
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Difficulty: Conductance
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The idea: Monte Carlo method
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n = M(ﬂ = 3.'“7)

Monte
Carlo

T
4

le area

CIrc

ide

INS
all points

ints i

poin

- .

% L O e, )

o Vo = o P .. -

. : P s L l.\.. e @ .\-. .ll Se—§ — Q
R . a0t e AR A
el -»f- 8 C <k v et 2 A
& A es R 0 oo 00l - S Q. . .I . . o]
N ' g e o st ) .
e 2 g el i
E . . . A = e s Al < Pl * e -o.- o -
oqe & . .-y - - ugg B < . H o oA
\ e e . D SR - . - 1
N ar = Ogu @ R T it - ~ =
. * e o . . P - . - . . Fsa ]
% . 5 % 2 P et - . . CECA
T . . -- A & : A > i E-0 o -co i
o A . -o -of-- L . -
- . . . -
..l\. P -n--o'o | S - eIty R .ys “ . NG ” .
-.. ’ -o”- 5 » su® Jc-c oc - o ¢ -o- -ﬂ -- o 8 : o!. M
5 - ™
/., - o gl o i o.c- : < R S -s- Ak .- . oo
. o - . N ' " ! - - o
. = .. .y -o a n.- S . S .-. o -, .~
. 7 B e o- -L. -n e a8 % o Y o -o < n-“
"- L5 vo X _ c-fo o.ob.i X -.-. = % Y i o.no. \
---l-. Y . .-. -ﬂ.-o . fo - oooQ\ - - -o .’ ® o]
it s o-- YAt . i = -.. ~ .t
> . . . - -« %
-- roo & Ty e ‘e ¢ o e .n XS -
a-\' . : > . -‘- e ® -..-0- R . . f- .o S0y co
- - - - (- bd - . iy - . . I
L) . . * : 3 L . . . o0
s - -.-o ~ = L < . --.\ E L 2 . " .ﬂ_ M
s \u'-.-ﬂ =% . . . ;" fn
. --. . -o. e .., Rain S . . - ., - M
-
W 3 o > -" . <" .. . - Y. o\-“. L2
e tc o\ﬂ s oo- o- nl-u I ’- \ R

AL . 3 - . ® e . .. -. .

. b4 . . . e . - s ] - - . 2 =

PR . et SR LI S0

.« % . ol | 4 ) = sy
A oi® . . = . N s'e ® - s, v
ol TR N - e Fe = ey e RN
. .o. e p . & ..-o " o" 0.." S - s ' 4 e 1
A \- o oo o onc-l o- . g . . e e . -o o
< AR [ . - " as*® -

. g™ e .« " 1. ° S L . o e O <
ot b BP0 e O e e e L v
el I\ i LI YA . N OACA s 2 a e .

Cll-hewks o «d.." a i =X CF Y Y. o-.- .
s o-l- - .oao = --oo - ~ at -- -ofo-ho |
. — LR - g . *e g
o S o--o. .- . A . " e LR o e .-o
. L) . . o.- -. . = 0. ul.- o-o s s 3
..- g -ou . A H .. o S-..o.o
b8 o™ o a8 . . -e’ " : . ® e o
. : - o .0. s b . 5 = ooa .ooo- % -o. \o. . p
"eatat taan & oo - . .O- . ou\s- e -oco- "o -.-- . .n
A -
- < [ 2 n e - 3®, o- -\-- S o--. - O- -\-o o e
-
-. . l--- -.-cs -.u cno (BP= A » -nonn -~ “ . ) . o
s -otﬂc -cl- -'lo-u- ao- - uol-.- - . -o-:
. . « 3 ? 2 3 . s -ooo - . - - A o L ol.l A
. O-.o - - U-o cc“ - : --ﬁo . -u\ 5 * . f
. PO .t g TasNerien iR - . - - .--I.O
L % . -Qo . : . 2 I--oo . AT it el
e ® . --ol- - 0 " . an."n . . e us
A . I - % e .ot oy 'y o' - ..
Y PNy X | 3.9 o N0 o g s
& i 5! .y V oo . e e 4
> - A ) CRCRU SRR I |  JA
= - Bl Joiarid )
o ~ P Io -
s _l




Monte Carlo simulations

Geometry: polygons Gas input:

pV=NKkT

1 Pa*m3/s = 2.4*10%° molecules/s

Virtual / Physical particle ratio




Reflection

Incident

RBeam ©€05(0)=100%

A
4
//' (c0s(30)=87%

\ f
x \\ |/ / ~»
‘.\.\‘.‘ \ \‘ ', // /
O\ \ /// A7 cos(60)=50%
\ /=

Lambertian Reflectance

e ee—

Pumping / absorption




Monte Carlo
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Molflow (1990) Molflow+ (2008-)

Roberto Kersevan
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WORKING WITH MOLFLOW

Step 1: creating geometry

CAD Molflow+




Step 2: adding physics

W Molflow+ 2.6.39 64-bit (Feb 22 2017) [simple_geo.zip] - O X

File Selection Tools Facet WVerex View Test Time Profile plotter 5 [ 3

:228 F:139 Dim:(5.4,18] Area:216.18
—=1 3D Viewer settings

[ Rules [ Nommals [ G.%

[ Lines [ Leaks [ Hits

[~ Volume [ Texture

| <K Miew | [ Vettices [ Indices

—iz] Selected Facet (3 selected) —
— Particlesin —————

Desorption =l |
[v Dutgassing (mbar*l/s): |

[ Dutg/;

~ Particles out

Sticking factor: Il.
Pumping Speed (I/s):
Sides: 1 Sided \x
Opacity: ‘ 1
Temperature (K} [293.15

Sum Area [cr): 13.90578475
Profile: ﬁhl

| << Adv. || Details...|| Coord... || Apply |

(Front)[(Top.l (S [Porsr ) G4 I 2] €™ G| | [Front)| Top || Side |[Ortho. [ %=-225, v=-256576 [

I—EI Shortcuts —————

—i=) Simulation

[v Auto update scene

| «Sim || Resume || Reset |
|

L Update |
Hits (18276 Mhit (32 Mhit’s)
Des. [m
Leaks [None—
Time fW

# Hits
67 6261377 0
68 6280336 0

4

(Front | [Top | Side [0tho. (v x=-g5575, z-054  FERING(SICYCH Trans. Prob.  [Dividebyd .

Front || Top | |Ortho. | ¥ | Z=0.868734, Y=-7 517122,

14



{ W Molflow+ 2.8.6 (Mar 29 2022) [] O X

File Selection Tools Facet WVertex WView Test Time About

' | [V:?Z F:38 Dim:(2,2,10) Area69.0035

i=] 3D Viewer settings
v Rules [ Nomals [ UO%
| Lines I Leaks [ Hits
" Volume | Texture [ FacetDs
| ﬂ | [ Indices [ VertexiDs | -
—{zl Selected Facet [none)

- Pariclesin — |}

Desorption [—EI [—
|| ¥ Outgassing (mbarctssk: [
[ Outg/arealmbarl/s/cre); [_
Particles out ———
Sticking factor: r__
Pumping Speed [1/s): |— ‘
sides: [ [z]|]
Opacity: [_ |
Temperature (K [
Sum Area [cré): |
Pofle. [ =]
| |-_-fl Shortcuts ——

—izl Simulation

T WIS W TR T

<Sim || Begin _

v Auto update scene Update. |
His  [Oht@Ohvs
Des. W
Leaks [ﬁone—
Time [Stopped: 000000

b Hits Des R

oS e oo S W e L

Front || Top || Side |[Ortho. [¥



Isothermal mode
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Electric breakdown in an @ccelerator cavity



Pressure burst in a long tube
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Synrad+:
Synchrotron radiation simulations
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