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(= Context

Examples

EUROPEAN
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(5 Experiences
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(5 Experiences

Project: SINQ ) FOCUS (Time-of-flight spectrometer)

The ,FOCUS-team”

- Joél Mesot (physicist)

- Stefan Janssen (physicist)

- Lothar Holitzner (Dipl.-Ing.)

Oct. 1994

| saw my first neutron instruments at
- Forschungszentrum Julich
- ILL, Grenoble
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(5 Experiences

Project: SINQ ) FOCUS (Time-of-flight spectrometer)

technical concept ready assembly start

Apr. 1995 Nov. 1996 Dec. 1998
1st measured spectrum
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(15 Experiences

Project: SINQ ) FOCUS (Time-of-flight spectrometer)

detector housing
by IRELEC

sample chamber
by IRELEC
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(5 Experiences

Project: SINQ ) FOCUS (Time-of-flight spectrometer)

sample chamber
by IRELEC
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DETAL 3

COUPE A=A

\ it's a

vaccum vessel
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(5 Experiences

Project: SINQ ) FOCUS (Time-of-flight spectrometer)

COUPE A=A

DETAL 3

desired:
neutron shielding
inside the vessel

\ it's a

vaccum vessel

Lothar Holitzner , Dipl.-Ing. der Physikalische Technik Page 11



PAUL SCHERRER INSTITUT

(5 Experiences

Project: SINQ ) FOCUS (Time-of-flight spectrometer)

EE|| \ " LA
Which material? ‘ I
Cadmium sheet ? = y A al
,Boronplastic”

\ it's a

vaccum vessel
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(5 Experiences

Project: SINQ ) FOCUS (Time-of-flight spectrometer)
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\ it's a

vaccum vessel
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(5 Experiences

Project: SINQ ) FOCUS (Time-of-flight spectrometer)

HOW tO attaCh |t? B | [ j ] : COUPE A-4
They glued it to the

m, A A
[ o

wall.
The result:

A very long pumpi

ng time !

S — -
. E \ it’s a
oo vaccum vessel
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(5 Invitation

Let”s make it better!
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«(ZJ=» Situation
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(5 Situation

free surface A

leak components.plastic

rate volume V

vessel free surface A

components.metal

backing pump

Po-=

turbomolecular 1013 mbar

pump
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[({={J» Task Formulation

HOW LONG DOES
THE PUMP DOWN PROCEDURE
TAKE TO REACH
THE DESIRED END PRESSURE Pgnp?
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=]

Task Formulation

pump down curve (measured at SINQ-FOCUS 2D-Detector)

Pump down curve P

(example) 1013 mbafy  1.a¢® =

0

Po :
H . =

I
e

1107
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time [n]

step 1

step 2
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(5 Material Choice, Qutgassing from Surfaces

desorption
free gas

desorptions rate gy met
(see literature)

-------------------

relevant: J

N\ N\
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(5 Material Choice, Qutgassing from Surfaces

desorption
free gas

; X
O relevant: J

- plastic® relevant:
SUSSTII 5 degassing constant K,
(see literature)

N\ N\
© ()
i a4
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Backing pump:

relevant tube parameters:
- nominal tube diameter, e. G. DN40

- tube length |\ pe
(your choice)

[{={J» Vacuum Pumps and Connecting Tubes

Lothar Holitzner , Dipl.-Ing. der Physikalische Technik

relevant pump parameters: : //-—/—-—»\\
- absorption capacity Sy < Sy — L - A i T
- theoretical ultimate pressure P .ov.end | =
(see manufacturer papers) ACP 28 Sauguarmbgen

backing pump

connecting tube
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[{={J» Vacuum Pumps and Connecting Tubes

Turbomolecular pump:
relevant pump parameters:
- nominal absorption capacity Sy ,.ieq
- theoretical ultimate pressure Py o 1end

- start-up pressure P4,
(see manufacturer papers)

relevant tube parameters:

- nominal tube diameter, e. G. DN160
- inside tube diameter d;,pe

- tube length |1 ..

\ turbomolecular

connecting pump

tube ™\
©
</
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Turbomolecular pump:

relevant tube parameters:

- nominal tube diameter, e. G. DN160
- inside tube diameter d;,pe

- tube length |1 ..

connecting
tube

As short as possible!

)

Lothar Holitzner , Dipl.-Ing. der Physikalische Technik

[{={J» Vacuum Pumps and Connecting Tubes

relevant pump parameters:

- nominal absorption capacity Sy ,.ieq
- theoretical ultimate pressure Py o 1end

- start-up pressure P4,
(see manufacturer papers)

turbomolecular
pump
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(15 Rough Estimation of the Pumping Time

CALCULATIONS
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Backing pump:

effective absorption capacity S, .4
(backing pump with connecting tube)

1
SV.eff :i+ 1

Lothar Holitzner , Dipl.-Ing. der Physikalische Technik

[={J=» Effective Absorption Capacities

tube parameters:
- nominal tube diameter, e. G. DN40
- tube length |, pe

pump parameter:
- absorption capacity S,

backing pump

connecting tube
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Backing pump:

conductivity for laminar flow L, pe J

effective absorption capacity S, .4
(backing pump with connecting tube)

1
SV.eff :i+ 1

Lothar Holitzner , Dipl.-Ing. der Physikalische Technik

[={J=» Effective Absorption Capacities

tube parameters:
- nominal tube diameter, e. G. DN40
- tube length |, pe

pump parameter:
- absorption capacity S,

backing pump

connecting tube
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[={J=» Effective Absorption Capacities

Backing pump:
L %” | tube parameters:
- . o : - nominal tube diameter, e. G. DN40
conductivity for laminar flow L. J < a
N ] - tube length |, e
0" - 4 q.'_tb_]‘_ﬂ
NEVASR N
I ot pump parameter:
SRR TR - absorption capacity S,
effective absorption capacity S, . JARNRL \’ N
(backing pump with connecting tube) BN %o 5 o |
N
1 FEEINELINA] backing pump
Sveff = T, 1 | oo
Sv  Lv.tube | connecting tube
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Turbomolecular pump:

tube parameters:
- inside tube diameter d;, e
- tube length |1, e

connecting
tube

As short as possible!

turbomolecular
pump

)
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[={J=» Effective Absorption Capacities

short tube conductivity L, .
(in case of a short connecting tube)

1
L1 tube = 1 1

Laperture Llongtube
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[={J=» Effective Absorption Capacities

Turbomolecular pump: aperture mask conductivity L, ..o | long tube conductivity L, 1ube
T ) 3
Laperture = E “dr.tube” Cgas & T driupe

Llon =" °¢C
gtube gas
12 lT.tube

tube parameters:

- —
- inside tube diameter d;, e

- tube Iength IT,tube Cqas - AVerage gas particle speed % @
turbomolecular
connecting ’
tube

pump
As short as possible!

short tube conductivity L, .
(in case of a short connecting tube)

1
L1 tube = 1 1

Laperture Llongtube
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[={J=» Effective Absorption Capacities

Turbomolecular pump:

conductivity for molecular flow Ly, ;.

1
LT.tube = 1 1

Laperture Llongtube

turbomolecular

connecting pump \ pump parameter:
tube ‘ - nominal absorption capacity St ieq

Lothar Holitzner , Dipl.-Ing. der Physikalische Technik Page 31



PAUL SCHERRER INSTITUT

[={J=» Effective Absorption Capacities

Turbomolecular pump:
effective absorption capacity S; .«
(turbomolecular pump with connecting tube)
conductivity for molecular flow L, e 1

Ly tupe = ! ﬁ STeff = 1 + 1
tubve
1 1 STrated LT tube

Laperture Llongtube

turbomolecular

connecting pump \ pump parameter:
tube ‘ - nominal absorption capacity St ieq
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[{={J» Rough Evacuation

Pump down curve P

) pump down curve (measured at SINQ-FOCUS 2D-Detector)
(example) 1x10°
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[{={J» Rough Evacuation

Pumping out of the free gas

possible ultimate pressure with backing pump
qL
Sveff

Py end = Ptheov.ena +

exhaust time of free gas with backing pump

t1 — Vvessel . ln( Po >
SV.eff b1 — PV.end

backing pump

1013 mbar
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[{={J» Rough Evacuation

Degassing from metal surfaces

free gas

exhaust time for degassing with backing pump

Amet " Kmet
SV.eff (1 — Pv.ena)

U2 met =

backing pump

Po-=

1013 mbar
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[{={J» Rough Evacuation

Degassing from plastic surfaces

free gas

exhaust time for degassing with backing pump

2 2
Apla ) Kpla

SV.effZ *(P1 = Py.ena)?

t2pla =

backing pump

Po-=

1013 mbar
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=]

Rough Evacuation

Pump down curve P

(example)

Po

©
=
1
|
pressure [mbar] :
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- 1
= |
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1
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1

pump down curve (measured at SINQ-FOCUS 2D-Detector)
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Pump down curve P
(example) 1x10°

100

[{={J= Final Evacuation

pump down curve (measured at SINQ-FOCUS 2D-Detector)

Ty
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0.01

P

pressure [mbar]
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time [n]
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[{={J= Final Evacuation

Pumping out of the free gas

possible ultimate pressure with turbomolecular pump

qL
Steff

Prenda = PtheoT.ena T

exhaust time of free gas with turbomolecular pump

t3 — Vvessel . ln( P1 >
ST.eff PEna — PT.end

Po-=

turbomolecular 1013 mbar

pump
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[{={J= Final Evacuation

Degassing from metal surfaces

free gas

exhaust time for degassing with turbomolecular pump

Amet " Kmet
Stefr (PEna — Pr.ena)

Lamet =

Po-=

turbomolecular 1013 mbar

pump
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[{={J= Final Evacuation

Degassing from plastic surfaces

free gas

exhaust time for degassing with turbomolecular pump

2 2
Apla ’ Kpla

lapla =
ST.effZ ) (pEnd - PT.end)2

Po-=

turbomolecular 1013 mbar

pump
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[{={J= Final Evacuation

Pump down curve P
(example) 1x10° 0

19 \\
10

pump down curve (measured at SINQ-FOCUS 2D-Detector)

0.01 \
1107

B =

1x1073 \\
el \

0.01 0.1 1 10 100
v t
time [n]

)
t3 + t4.met + t4.pla
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[Z={}=» Result

Pump down curve P

) pump down curve (measured at SINQ-FOCUS 2D-Detector)
M 0

(example) =

. X
Po- A\

1
1013 mbar \

pressure [mbar]
=3
i 2

1x10 — ]
11077
0.01 01 1 v 10 100 t
time ]
L ]
|
tresult =t + t2.met + tz.pla+ t3 + t4.met + 1:4.pla
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[({={J» An Example with Values

An extreme example:

Free Gas Metal Plastic
in the vessel (comp.s & vessel) components

Volume 1500 L
free Surface 10 m? 10 m?
Material air stainless steel aggeliiing Lt /2,
p. 685
Rough Evacuation 59 min 25 sec 327 min exhaust resp.
Final Evacuation 24 sec 1 min 944 min pump out times
Choice:

backing pump = Alcatel ACP 28 with DN40 x 150cm , turbomolecular pump = Pfeiffer Compact Turbo TMH 521 YP with DN160 x
20cm, g, =1 x 10 mbar-L/sec, p,=0.1 mbar, p.,4=5 x 104 mbar
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(5 Literature

» /1/ Pfeiffer, The Vacuum Technology, Book Volume II, Band 3.1, Vakuumerzeugung (https://www.pfeiffer-
vacuum.com/de/info-center/download-center/)
* /2/ Wutz, Handbuch Vakuumtechnik, Theorie und Praxis, Vieweg Verlag, Wiesbaden, 2004
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[={J=» Wir schaffen Wissen — heute fiir morgen

This is an example, how to

roughly estimate the

pumping time for a vaccum

vessel,

in order to ...
understand, how the
material choice affects
the pump out time
choose the components
for a successful
evacuation.
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