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® Principle of vacuum simulations
® Membrane bellows in vacuum simulations
® Membrane bellow analysis

® Variations of bellow parameters
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Principle of vacuum simulations: method T

Karlsruhe Institute of Technology

B test particle Monte Carlo simulation for free molecular flow
® Molflow+ and ProVac3D

® surfaces approximated by mesh

® individual properties of each surface element:
W sticking coefficient o,

® desorption probability and angular distribution cos"(®)
B diffuse (Lambertian) reflection

® particle tracking produces for each surface
® number of desorptions D; Hitl Al e
® number of hits H, -
® number of adsorptions A, onree ,/

Hy, +1
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Principle of vacuum simulations: results AT
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® conductance
® desorbing and adsorbing surface (o; = 100%) at entrance D,, A;

® adsorbing surface (o = 100%) at exit Ag
® conductance: flow times transmission probability w = Ac/D;

® ratio of pressures
® number of hits H, normalized to surface area F;

W pressure ratio of two surfaces: p,/p, = H;-F,/H,-F;
Hl—l—]._ A +1 Hy +1
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Membrane bellows in vacuum simulations ﬂ(“'

stitute of Technology

® implementation of membrane bellows: membrane elements
approximated by mesh

B entrance and exit tube surfaces: 30 each

® surfaces for n membrane elements: 60 - n

=» large increase in number of surface elements
=» increase in simulation time by factors up to 500
=>» is it possible to replace the bellow with a straight tube?
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Membrane bellow analysis: parameters T
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® simulation parameters: '
np desorptions Dy 1y length L

® tube diameter: d =100 mm < >

® tube length / tube diameter: variable Lo

® Dbellow length / tube length: variable A%

® Dbellow height / tube diameter: fixed %

® width of single bellow element: fixed S
S
2

® Monte Carlo data: height h $

® number of desorptions D, < >
® number of adsorptions A tube length Ly
_ _ _ adsorptions A¢
® analysis of simulation data:
. - A
® transmission probability w(Lp, Lt) = o
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Membrane bellow analysis: results

® plot the transmission probability w
overL;/dandLg/L; (3D plot)

® L;/L; dependence seemsto

of
be linear: b
Lp ) _ Lp 2
w(ft)=a+a z
20
0/
® L. /d dependence seems to follow “’i’%
a form given by K. Jousten: i
L %o
LTy _ o . Lteo =3 7"
w () =a ‘
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(note: the original form of the curve has different parameters,
but the same functional dependence. See K. Jousten et al,
Handbook of Vacuum Technology, p. 136 for details)

® the ¢, are the parameters of the regressions
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Membrane bellow analysis: results AT

Karlsruhe Institute of Technology

® combine both formulas for the two degrees of freedom:

) . l_l_(E—;-F-i—?)'LTT‘F(G—I—H-Ei)~(LT>2

d
® {A, ..., H} are the parameters of the \
regression given by:
parameter value c
A 0,9974 0,0016
B 0,0343 0,0017
C 0,3898 0,0151
D -0,0131 0,0043
E 1,3994 0,0209
F 0,3419 0,0077
G 0,2976 0,0124
H 0,0936 0,0068
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Analytical analysis of transmission probability \‘(IT

eeeeeeeeeeeeeeeeeeeeeeeeeee

® consider the case without bellows, i.e. straight tubes:

Lo - 1+C- LT
w(=£,0)=A-
® for very long tubes, this becomes:

w (L2, 0) » AC (L) ~ (1.306 £ 0.074) - (£2) 7

(LT /d)—>OO

® note that this is in accordance with the formula given by K. Jousten
(see K. Jousten et al, Handbook of Vacuum Technology, p. 136 for
details), where we have for a straight circular tube:

—1
w (5F) — 3 (%)
(LT/d)—>OO

® for any arbitrary bellow, the transmission probability will tend to
zero with increasing length:

Lr Lp
w (4 22)
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Analytical analysis of transmission probability _\\_‘(IT

ttttttttttttttttttt f Technology

® for very short tubes, the following limit applies:

w (5F0) — A-[1-(E-C)- %]

(Lt /d)—0

~ (0.997 £ 0.002) - [1 — (1.010 & 0.026) - £ ]

® note that this is in accordance with the formula given by K. Jousten
(see K. Jousten et al, Handbook of Vacuum Technology, p. 136 for
details), where we have for a straight circular tube:

LT ) LT
w (4 > d
(LT /d) —0
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Replacement of bellows QAT

® aim: replace a bellow with fixed design parameters with a straight
tube with different design parameters, but with the same
transmission probability

® for a bellow with fixed Lg / Ly and L; / d, the transmission probability
can be calculated with the regression results:

parameter value c
C+D,L_B).L_T B 010343 010017
Lt L_B) — (A B. LB) . 1_'_( Lt d 1 C 0,3898 0,0151
w , +
’ ( T L) (per g ) (e g) () W ¢ amw oom
® the formula for straight tubes can be solved for L; / d:  omm oo
(L_T 0) — A. 1+C- o
wo d ’ T 1LE L~ G L~ 2
TRt (T)
~
Ly _ AC—wo E+y/(A-C—wo-E)?+4wy -G-(A—wo)
d o 2-w0-G

Lo\ * A-C’—wB-E—}—\/(A-C—wB-E)2+4fwB-G-(A—'wB)

= (%) = (2)
d 2-wB -G
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Replacement of bellows T

ttttttttttttttttttt f Technology

® procedure for replacing bellows with straight tubes:

W calculate the transmission probability wg for the bellow with design
parameters Lg / Ly and L; / d with Eq. (1)

® with this wg, calculate the new length (L / d)* with help of Eq. (2)

B replace the bellow in the simulation with a straight tube with design
parameter (L, /d)*

® this procedure has been tested for a few bellows with different
design parameters

= error below few percent
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Bellow parameter variations: parameters  IT
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B simulation parameters: '
np desorptions Dy 110w length Lg

B tube diameter: d =100 mm < >
W tube length / tube diameter: fixed Lo
® bellow length / tube length: fixed ’\%
® Dbellow height / tube diameter: variable c
. . . S
® width of single bellow element: variable S
S
2

height h {

e
N

A\

tube length L;

adsorptions A¢
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Bellow parameter variations: h / d results AT
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0,375 1
straight tube © L /d=50
03504 " T T TTTTTTTTT T T © L /d=20
% 025 X b/d=0.025
= A
S 0300+ - L .
o Tel L -
S 0275 straight tube ©
1
£ 0,175 ; . \%
S
~ 0,150 - e =T ~ _
R - Ly
1E-3 0,01 0.1 1
bellow height h / tube diameter d
® variation of h / d changes the transmission probability considerably
when the height tends to zero (i.e. the bellow becomes a straight tube)
® inthe regime of normal bellow heights (i.e. industrial ones), the
transmission probability changes only in the order of a few percent
=>» h / d variance is negligible for industrial bellow designs
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Bellow parameter variations: h / d results
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0i378 1 . L/d=50 small a
T * r”‘\
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bellow angle a in degrees 50°-60° Iarge a

® one finds a minimum in the transm. prob. p for angles a between 50°-60°

® physical reasons:
® for small angles: bellow acts as nearly straight tube - w increases

® forlarge angles: multiple reflections in one bellow element; overall particle reflection becomes more

uniform = w increases

® for angles between 50°-60°: bellow surfaces facing the desorption area have perfect angle for direct

reflection of the particles to the source - w decreases to a minimum
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Conclusion
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® awide range of bellow design parameters have been simulated

® anumerical model for transmission probabilities has been found
and is in concordance with analytical and numerical solutions in
standard text books

® aprocedure for replacing bellows with straight tubes for
simulations has been worked out

® variations in bellow widths and heights have no significant effect
(for standard bellow parameters)

16.03.2015 M. Krause: New model for transmission probabilities of membrane bellows

16

IEKP, KIT






Back-up slides ST
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Transport and Pumping Sections AT

DPS1-R DPS1-F
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Argon Froest Pump
\ T=3-45K

Differential Pumping Section (DPS) Cryogenic Pumping Section (CPS)
m active pumping: 4 TMPs m based on by cryo-sorption

®m tritium retention: 10° m tritium retention: >107

m magnetic field: 56T m magnetic field: 56T

O. Kazachenko et al., NIM A 587 (2008) 136
F. Eichelhardt et al, Fusion Science and Technology 54 (2008) 615
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"he Karlsruhe Tritium Neutrino Experiment T

Sensitivity on m(v,):
' 2eVic? — 0.2 eVic?

The KATRIN collaboration

» Objective: measure eff. neutrino mass with electrons from tritium 3-decay

« International collaboration from 5 countries (D, US, CZ, RUS, UK)
o ~ 130 scientists

=
ﬂ(IT lj]j umversmatm III

=
—=un—
=5
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The KATRIN Setup - Overview AT
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Tritium source  Transport section = Pre spectrometer

Spectrometer  Detector
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T, flow: 1.9 mbar-#/s <104 mbar-/s T
pressure:  3.4x103 mbar (T,) ~10* mbar (H,)
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Membrane bellows in the KATRIN experiment ﬂ("'
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DPS2-F I CPS
1. [
I L

Argon Frost Pump

T=3—-45K
Differential Pumping Section (DPS) Cryogenic Pumping Section (CPS)
m active pumping: 4 TMPs m based on cryosorption
®m tritium retention: 10° m tritium retention: >107
m magnetic field: 56T m magnetic field: 56T

O. Kazachenko et al., NIM A 587 (2008) 136
F. Eichelhardt et al, Fusion Science and Technology 54 (2008) 615
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Bellow parameter variations: b / d results AT
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® variation of bellow width b / d changes the transmission probability only
In the order of a few percent
=» b / d variance is negligible
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