A 10-minute introduction to

Molfow+

A test-particle Monte Carlo simulator for UHV systems

# | MolFlow+ 2.1 [Osimple_test_tube.geo]
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The basics

First, let’s learn the Molflow terminology and

the interface in a few slides.

Or, if you prefer learning by doing it,
skip to the tutorial part.




Vertex

A vertex is a point in the 3D space.



> A facet, also called polygon is a
side of our 3D object. Itis an
outline that connects vertices.

It is an important term in
Molflow, as many properties
(temperature, outgassing,
pumping speed, etc..) are facet
parameters, which means that
they can be adjusted individually
for each facet.




The interface

| Molflow+ development version (Compiled Mar 23 2012 12:26:48) [L|R 5]
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Geometry properties
* Shows information about the geometry size,
number of vertices and facets

View settings
* Change view settings for the current viewer
(see next slide)

Facet parameters
* Change facet properties
e Access further features (mesh, coordinates,...)

Simulation control
» Start/stop/reset simulation
* View simulation statistics

Facet list
¢ See the number of hits on each facet
* Select facets (multiple: hold CTRL)

Formulas

* Alist of formulas that get calculated as the
simulation runs (transmission probability for
example)

* Use Edit / Formulas menu to add / remove

View Selector
* Set camera to preset positions

* Change projection type (orthographic / perspective)

Tool Selector

* Changes the mouse pointer’s function
*  Will be explained later in this guide




The viewers

Molflow allows you to use four different viewers, each of them can have different settings and
different camera angles. The active viewer is marked by the thick violet outline
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Left click
To select a facet / a
vertex, depending on

the tool used (next
slide)

Holding ALT and dragging
with the left mouse button
also moves the camera

Camera control

Press and hold
the mousewheel to
drag the camera

Scroll
The mousewheel to
zoom in/out

Holding CTRL scrolls
slower, holding SHIFT
scrolls faster

Hold and drag
the right mouse
button to rotate the
camera

Holding CTRL and
dragging with the right
button also zooms in/out




Viewer Tools

To select things

k¥

Autoscale
Click to fit the whole
geometry on in the
viewer

Facet selector
Default setting. If you
click several times on
the screen, facets
under your mouse
pointer get selected
in a cycle.

You can also draw a
selection box by
holding the left
button to select
facets inside the box.

CTRL-click: subtract
from selection
SHIFT-click: add to
selection

Vertex selector
Click near a vertex on
the screen: the vertex
closest to your
pointer gets selected.

You can also draw a
selection box by
holding the left
button to select
vertices inside the
box.

CTRL-click: subtract
from selection
SHIFT-click: add to
selection

Hand tool
Now deprecated by
middle mouse button
drag.

If selected, you can
move the camera by
dragging with the left
mouse button.




Facet parameters

So these are parameters can be set facet-by-facet:

Opacity Sticking factor

Probability that a Probability that a

molecule going through molecule hitting the
—=| Selected Facet [H47] —————

the facet will actually / facet will be absorbed
interact with it Sticking ||:| eleport ||:| ~

Teleport destination
Particles hitting this facet

Opacity |1 115ided ||
will get transferred to

Volumetric pumping speed Temp. 'K |293'15 Masslgl |28 the entered facet index

_ is pointing, whereas a two-sided
Frofile [N.:.ne \

will catch particles from both
Structure  Pipe Lek  |ne
Superstructure properties

sides. Also affects the pressure
caluclation and the desorption

These functions are for large / Details... | Coord.. || Mesh.. | 2pply |

structures linking several

geometries, their Probability distribution

implementation is to be type. The outgassing rate

improved. is proportional to the

Desorption type

The pumping speed and the | = M (for periodic structures)
| Flow (|42 |- Area n:m!l
sticking factor are related. l7s) L [ Hee
Update one of them and the Diezarption [Nnne -| One- or two-sidedness
other will be caluclated \ . A one-sided facet is opaque on
Reflection | Diffuse \v | the side where its normal vector
\\

facet area (as of ver.2.3)




Viewer parameters

v Fules [+ Momals [ OF
[ Lines [ Leaks [ Hitz
[ Wolume [+ Texture [ Filtering
[+ Vertices [+ Indices Mare .
Rules Normals U, V vectors
Toggle the base vectors of the Show the orientation of the facet The own 2D coordinate system of the

coordinate system (interesting in case of 1-sided facets) selected facet




Viewer parameters

[+ Rules [+ Momals [ 0%
[ Lines [ Leaks [ His
[ Walume [+ Texture [ Filtering
[+ Yertices [+ Indices Mare .. |

Lines Leaks Hits
Particle trajectories If a molecule escapes from the Particle collisions with facets.
system, show where the last hit Red: Absorption
occurred and in what direction the Blue: Desorption

molecule rebounded before leaving Green: Reflection / Transparent pass




Viewer parameters

—=1 3D Yiewer zetlings
[+ Rules [+ Momals [ 0%
[ Lines [ Leaks [ His
[ Walume [+ Texture [ Filtering

[+ Yertices [+ Indices | bare ... |

Volume Texture Filtering

Switch between volumetric or Show or hide textures (see later) Apply a Gauss filter to textures
wireframe view mode




Viewer parameters

[+ Rules
[ Lines
[ Walume

[+ Wertices

Vertices
Shows the identifier of vertices on
selected facets

[v Marmals [ 0%

[~ Leaks [ His

[+ Texture [ Filtering
[v Indices Mare ..

r

Shows the index of vertices on a
given facets (starting from 1 for each

More ...

Further options...

3D Viewer Settings ]

Show facet [Front & Back |z
Translation step |17
Angle step [omos
Mumber of lines 123

[+ Show hidden edge [selection)

[v Shaw mesh on [selection)

[+ Larger dots for hits

[+ Show direction

Morme ratio [

[+ Mormalize [+ Center

Apply Dizmizz

Not part of this quick start guide.



Tutorial: a simple pipe

In this example, we’ll calculate the transmission probability and the pressure
distribution of a pipe.
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All steps of this tutorial are demonstrated in a video on the website.



Create geometry

From the Test menu, choose a test pipe with L/R ratio of 10

v | Test

Fipe [L/R=0.0001]
Fipe [L/R=1]

Fipe [L/R=101
Fipe (L/R=100]
Fipe [L/R=1000]

Pipe [L/R=10000]
Buick Fipe

Let its surface consist of 20 facets:

Mumber of facet [zr]

0K, | Cancel |

Note that test pipes have some parameters set by default.
Nevertheless, we’ll set them again, for the sake of learning
how to do it.



Define gas inlet

Click on one end of the pipe. Keep clicking without moving the mouse
until the top facet is selected (red outline):

On the right (facet parameters), change “Desorption” to cosine and
sticking to 1: o

Sticking |1 Teleport [0

Opacity |1 [15ided ||
Temp. ['K] [29315 Masslgl |28
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Dezorption ”:usine :|
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Profile
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Details... || C I:C'S'r"? 4

Struicture

Click Bl |




Define gas inlet

 What we just did:

— Defined that particles will desorb from one end of
the pipe

— And by setting sticking to 1, if a particle gets back
to the inlet, it will be “absorbed”: removed from
the system



Define pumping

* Now select the opposite side of the tube

Opposite facet

(pump)
Now select it: our pump

will be connected here \

ai‘:__“'*-:"‘
ks
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First facet

(desorption)

We've defined
\ - desorption here




Define pumping

* Now we can define the volumetric pumping
speed in the facet parameters:

Sticking  [0.54987 Teleport |0
— - Opacity  [1 |1 Sided - |
Sticking factor and pumping speed P P
They will be converted to each other Temp. K] 23315 Masslg) |28
using the facet area, the temperature "Flow 5] (20 Avealcmd 309017
and the mol. mass o
Desorption | Mane x|
Reflection | Diffuse -
Profile [Mane hd|
Structure  Pipe Lok |ro
Detailz.. || Coord... || Mesh.. || Apply |

* Click eel



Begin simulation

* Now our simple system is ready Launch the

simulation by clicking {

Begin |

* The simulation is now running. If you enable “Lines” at the
viewer parameters, you can visualize the trajectories of the

particles:
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[ %Yolume [ Texture [ Filkering

[ Wertices [ Indices More .. |




* |f too many lines are displayed, reduce them at the viewer parameters:

[ Fules
[v Lines
[ Wolume
[ Vertices

v

[ Momals
[v Leaks

[ Texture
[ Indices

[ ¥
[ Hitz
[ Filtkering

Quick hint

3D Viewer Settings %

Shaw Facet \Front & Back ||

Translation step 1

&ngle step l0.005

Mumber of lines | 200)

AN

Mumber of leaks | 2048
[ Show hidden edge [zelection)
[ Show mesh on [zelection)

[+ Larger daots for hits

[+ Show direction

Marrne ratio I

[+ Mormalize [+ Center

2pply | Dizmizs :

?’I



Transmission probability

Now that we have a running simulation, let’s calculate some data. To do that, open
the formula editor:

z | Edit Facet “ertex View Test

[ 3D Settings .. Chl+B 7

B Texture scaling.. Ctil+D

Add formula ..
[Global Settings .

Write “tarnsmission ratio” as formula name, and “A1/D2” as the formula. This
means “number of absorbed molecules on facet #1/number of desorbed molecules

from facet #2”. Click ceste | . Now you will see the calculated formula on
the lower right corner: mmsre (e L

Hint: the above formula might be “A2/D1”, depending on which facet you defined

as for desorption. You can find out a facet’s number by selecting it, and reading
the title of the facet parameters editor:

=l Selected Faclt (4]
Sticking [0 ettt [0

Opacity  [1 [1 sided =l
Temp. (K] [29315  Masslg) [28
Flaw Is)  [Fo Arealom] 3 12868

Nesarntinn | Mome - |
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Pressure profile

* Now we’ll visualize the pressure along the side
of the tube.

0.0
S S S WS SR S T TS NSNS SO -

0 i i i i i i i I i
0 1a 20 a0 40 a0 E0 Fill an 90
F#22 Pressure o
FH22 Pressue i | x|  Add curve | Remave curve |  Femove all | Mormnalize |Pressure >l O=|1 uriits*lfs
[ Pt |  Dismiss |

i
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Pressure profile

Select a side facet, and turn on the “u,v” vector display in the
viewer parameters:

As we can see, the u vector is directed along the length of the
tube



Pressure profile

* On the facet parameters, choose “pressure

along u” in the profile settings:

Sticking |0 Telepart [0

Opacity

[1 [1 Sided

M|

Temp. ['K] (29315 Masslgl |28

Flow s [0 Arealomd 312868
Desorption |Mane hd| P
Reflection | Diffuze hd
Prafile [More =/
Struchure N':'r'e_
Details...| | C| Pressure [along ¥]

Angular =

 This instructs Molflow to calculate the

pressure along the axis u




Pressure profile

* To view the pressure, open profile plotter:

Facet Wertew iew Test

& Collapze .. 4
ﬁf’ Swap normal Chrl+M
A Shift vertex Chl+5
“ Edit coordinates ..

Profile Plotter .
Detailz ...

Mezh ..

Texture viewer ..

NN ] R

Bermyve crlarted

 Then choose the profile you just set (bottom

|eft)) and CIiCk Add Curve I[F#EE Pressure O] x| | Add curve |‘
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Pressure profile

To calculate the pressure in (for example) mbars, choose “pressure” under
normalize options and enter the total outgassing in mbar*liter/sec:

Profile plotter A = B

01 ) ) ) ! ) ) ) ) )

0.05

I DU DU DUUUE DU DU SUUTE S
1] 10 20 30 40 50 B0 Fil] a0 90

FH22 Pressure O

[Fﬂ22 Pressure . |=| | Add curve | Remove curve || Remave al || Momalize |Pressure x| O= |1EI units"l.-"s’

[ ' Flat | ' Dizmizs |
B —— —’ﬁ
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Adding a Texture

* Textures are an other way to visualize local
pressure information. We will add them now.

tin 0.000000 [+ Autozeale  |v Use colormap
hax 1000000 [ Log scale  Swap [32KB

r Gradient

Min:  0.000055

r Texture Range |' Curren t

Max:  0.000643

5.38e-5

100=-4 0.0002 0.0003 0.0004 0.0005 0.0006




Adding a Texture

Select a few (or all) facets where you’d like to
view the pressure. Select multiple facets by

holding the SHIFT key, unselect by holding the
CTRL key:

P e————
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| | u
\ I
\_




individually calculated. Click

Adding a Texture

 Add a MESH. A mesh splits the facet into little blocks where the pressure is

1. Check ENABLE
So a mesh will be added

Facet Meszh B

Mesh. | in Facet editor:

- Facet Info [4 selected]

I length {10 [k k] W length |EI.3'IEE=EE| [P

2. Boundary correction
As the mesh is
rectangular, a facet’s side
might not entirely be in
it. To correct for this area
difference, check this
option.

S~
-

- Mesh properties

" [+ Enable Resalution [SarmpleUrnit]

|15

[+ Boundam conection

[ Count desorption
[ Count absorption

[+ Count reflection
[ Count transparerﬁ\
[ Angular coefficient [ Recard direction

3. Set resolution

In this example, our facet’s size
is 10cm*0.31cm, so we will
add 15 mesh divisions / cm

- Yiew Settings

4. Define what to count

In this example, we want to
visualize the pressure, which is
proportional to the number of
molecule reflections

(¥ Show testure [+ Show volume | Apply View |
- Memory/Cell
bemary |70.31KE Update |
Cells 13000
Apply mesh | Cancel

Y

5. Apply mesh
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Adding a Texture

* Turn on “Texture” in the viewer parameters to see the texture:

—=l 3D Viewer settings
[ Rules | Momals | OF
[ Lines [ Leakz [ Hits

[ %olume | [+ Texture Filtering
" Vettices | Indice: | Mare T
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Adding a Texture

View texture block values by selecting Selected cells’ position will be
a facet with mesh and opening the outlined on the facet:
Texture Viewer:

%
e | e Yew e Texture plotter #12 = =1 &3
| CAY) 0 1 2 3 4 5 B 7 g8 |~
P ED”EII:ISE r 0 |1.0081876:2.0082167 1. 0081766:1.00806610.00307 78 10073772 2.0073103:).0078843 1.007 835
1 [2.0082197).0082247 100817 70;2.008100810.0050314! 0079741 0.0079077 2.0079231:.007552
4? SWEII:I normal Chrl+M 2 10082787 0.00317051.008205E6 1.0081230:0.00804511.00803801.0073363 0.00731321.007874

‘,_"__H, Shift vertew Chl+S 3 00524689,0082296 2.0081422..0080902 2.00807 18 1.0073304 10073684 1.0079162:1.007796
N 4 [100824970,0052134 1.0081970:0.008 11662 0.005069E40079940 0.007901E1.00759401.007904
< Edit coordinates ...

Prafile Plaotter ..

' Details ..
I Mesh ..

Texture wiewer ..

Remove zelected

»

| | futosize | | Find Maw | Miew [Dersiy x  Dismiss .&g
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Advanced: add a polygon

e Now that we’ve covered the basics, here’s a
useful feauture. To visualize the pressure in
the center of the tube, we will add a “dummy”

polygon.
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Select vertices

Choose the vertex selector tool. Notice that the mouse cursor

is now different. e R Oy
s L-L--)-"

Select 4 vertices that will be the edges of the new polygon:

Hint: after selecting 3 vertices (that define a plane), you can use the “Select coplanar” function to find the fourth:

| Werter  Wiew  Test

Unzelect all vertices
Select all vertices

Select Coplanar oh Screen

Create Polygon from Selected
tove zelected by offset.



Create the dummy polygon

Now that we have the four edges selected, click “create polygon from selected”:

Yerter  Wiew  Test

nzelect all vertices
Select all vertices
Select Coplanar on Screen

Create Polygon from Selected

Move zelected by offset...

Molflow creates a new facet. One way to easily select it is to click on the last entry
in the facet list on the right:

Leaks [Nnne
Time [Hunning: 0t20:33
™

Hits Des Abs (e
13 9464 0 0
1\ 17936 0
200 17931731 0 0
21 179341890 0

L= S e e

o] o
R e -
3

Trame Prok M 1007EE I|



Set facet parameters

As this is a dummy facet, we want to tell Molflow that it shouldn’t change our

simulation. To do this, set the opacity to 0, and set the facet as 2-sided (to count
particles from up and from down as well):

Opacity [ P Sided | =

And the last step is to add a mesh that counts transparent passes:

Ulength |10 W length |2

[+ Enable Rezolution (Sample/Unit]
[+ Boundary comection |15

[ Count desorption [ Count reflection
[ Court absorptiorl [+ Court tranzparent pass ]

[ Angular coefficient [ Record direction

[+ Show texture [+ Show volume | Apply View |

Memary [105.47kE Update |
Cels [4500
Apply mesh | Cancel [ 36




Donel

That’s it! Start the simulation, and don’t forget to enable the “Texture”
option in the viewer parameters.

One last trick: if you want to see the volume of a structure, while seeing
the inside as well, turn off the “Volume visible” property of some facets,
so they will become transparent:

Facet Mesh B

r Facet Info [6 zelected]
I length {10 [pd2k) W length (197538 [MaX

r Mezh properties
[~ Enable Rezolution [Sample/nit]

[ Boundary comection |

[ Count desorption [ Count reflection

[~ Count absorption [ Count transparent pass

[ Angular coefficient [ Record direction

r Yiew Settings

i

[+ Show texture) [ Show volume | Apply Yiew |

r Memory/Cell
Memamny [0 bytes Update |
Cells i
Apply mesh | Cancel |
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The end

e Stuck at one point?
 Found a bug?
* Have a suggestion?

Tell your ideas on the website, where you can

also find a video tutorial.
(currently http://cern.ch/test-molflow)
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