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0. Introduction

Air pressure as a force to the walls of an empty container

1. Gas kinetic

Pressure as momentum transfer, Mol & Molvolume, Pressure units, Partial pressure, Boltzmann Velocity&Energy distribution,
Impingement rate, monolayer coverage time, mean free path

2. Pressure Ranges
3. Vacuum technical terms
4. Vacuum generation

5. Pressure measurement
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Collision vate: Number of col)isions of a sigle
particle per time unit

Yelvme collision rate: Number of collisiens of all_
Particles per Time and Volume it (esllision frequensy)

P AL
Zy- g Zp=arr Zp g;/'@;

© J. W. Bartha 2020
TUD internal use only!

Slide: L08 11




TECHNISCHE
@ UNIVERSITAT
DRESDEN

Collision rate: Number of collisions of a single particle per time unit

9 A

ZP;T

L=

Volume collision rate: Number of collisions of all particles per time
and volume unit (collision frequency)

e
Ly ~ '_‘Q:Zp’g/s‘/‘zp

©J. W. Bartha 2020 l: n/2 because a collision of 2 particles counts as one collision!
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Question: An Ar atom “travels” within a vacuum
chamber at 20°C vertically 1 m
upwards. Which fraction of its
kinetic energy is transferred to
potential energy?
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A0 Ar atern “travels" within a vacvom
chamber at 20°C 4m vpwards. Which
fruction of its Kinetic energy is
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Question: An Ar atom “travels” within a vacuum
chamber at 20°C vertically Im
upwards. Which fraction of its
kinetic energy is transferred to
potential energy?
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Heat conduction in a gas:

Heat flow conductivity increases by |7~ byt
is independent from Pressurel!
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Constants

Designation, Symbol Value and Remarks
alphabetically unit
Atomic mass unit m, 1.6605 - 1072 kg
Avogadro constant Ny 6.0225 - 1023 mol~" Number of particles per mol,
formerly: Loschmidt number

Boltzmann constant k 1.3805 - 1023 J - K1

13.805 - 10-23 %
Electron rest mass m, 9.1091 - 1073 kg
Elementary charge e 1.6021 - 10~ A - s
Molar gas constant R 8.314 J - mol~! K-

- mbar - | _ 3 .

=83.14 = R=N, -k
Molar volume of 22.414 m3 kmol™! DIN 1343, formerly: molar volume
the ideal gas v, 22.414 | - mol™! at 0 °C and 1013 mbar
Standard acceleration of free fall gi 9.8066 m - s
Planck constant h 6.6256 - 1074 J - s
Stefan-Boltzmann constant 5] 5.669 - 1073 mVZVK‘* also: unit conductance, radiation constant
Specific electron charge ;_Ie - 1.7588 - 10" %

e

Speed of light in vacuum c 2.9979 - 108 m - s~
Standard reference density e, kg - m™3 Density at 9 =0 °C and p, = 1013 mbar
of a gas
Standard reference pressure P, 101.325 Pa = 1013 mbar DIN 1343 (Nov. 75}
Standard reference temperature T T,=27315K,8=0°C DIN 1343 (Nov. 75}

Slide: LOS 22
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Gas kinetic formulas

Variable General formula For easy casulation Value for ar at 20°C
sy | Gy ERT = Y2 ET |, .12 100k [— 6y = 410 [rs]
?f;'ﬂ"ﬁ?% w 6-,/%—,-——— 'MHSV%I%' §=1.46- m‘\/—h} g € = 464 [mis)
Mean square of veloci - 3-R-T - - T [em® - cm?
ol vies 8 V] L] B2 = LI €= 249 1 —-57-] € 2506 10 |53~
Gas pressure p of padicies D=?'R'F p w1380 107" n - T [mibar) o= 4041077 n [mbar ] {applies to all gases)
p=§-n-m,'c2
p-%‘e-'c’
RSSc ooty 1 Jvidoan n = plkl "=7-25'W’8$ !C"l“"l p - 2510 p [cm™?] {applies to all gases)
Ama-mhlnd;mp'"meA ZA %'ﬂ'a ZA 263. ‘G”m < chm-? s.], ZA .72:85.10207.[)'““-23-1] (SOBF!Q. 78?)
DNTo TP
Volume colisicn rale Z, 7 In-¢ 02 p? 3 el Z,=86+10%.p? [em™ 57'] (s0a Fig. 78.2)
o5 Ly =827 107 e o™ 57
‘ .
b Vo MekT?
Equation of stale of deal gas p-V=v-R-T p-V=8i14-v-T [mbar- £] p-V=244-10% [mbar - £| (for all gases)
Area-relaled mass flow rae q A
4 O, = 23 My ZoxK-T-NP Oy 4 = 4377 10‘7\/’% ploem?sT] | gy 4=1.58-107p g fem? 5]

¢" =\ pinem - mbar
{see Tabd. ||}

k  Beotzmann constant nmbar |- K-

2 meanfree gath incm N, Avogadro constarl :n mol~’ ¢ Qas pressure inmbar T themcdynamic lemperature in K
M mciarmassing md™' n  number density of particies in o> R melar gas constanl Y volumeinl
m, particle massing v amounl cf substaee in mol in mbar - 1+ mol-' K-
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Reynolds number

From Wikipedia, the free encyclopedia

By Cary Setties - Own work,
CCRY-SA DD

hetps icotmmons wikimedia org!
windex.phpeuria=26522249

The plume from this candle flame
goes from laminar to turbulent. The
Reynolds number can be used to
predict where this transition will take
place.

© J. W. Bartha 2020
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For flow in a pipe or tube, the Reynolds number is generally defined as!'?]

puDy  uwDy QDg
Re — — — ’
n v VA

where

Dy is the hydraulic diameter of the pipe (the inside diameter if the pipe is circular) (m),
Q is the volumetric flow rate (m®/s),

A is the pipe's cross-sectional area (m?),

u is the mean velocity of the fluid (m/s),

i is the dynamic viscosity of the fluid (Pa-s = N-s/m? = kg/(m-s)),

v (nu) is the kinematic viscosity (v = %) (mé/s),

p is the density of the fluid (kg/m?3).

For flow in a pipe of diameter D, experimental observations
show that for "fully developed" flow,.  laminar flow occurs
when Rep < 2300 and turbulent flow occurs when Rep >
2600.
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The definition of UHV is associated
with the monolayer coverage time,
while the other ranges are associated
with the kind of gas flow.
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The definition of UHV is associated .p
with the monolayer coverage time, ‘ | i
while the other ranges are associated BN ‘ Ulkrahigh "
with the kind of gas flow. - F g‘””\ ¥
" B v 5 I
©J. W. Bartha 2020 12 -10 "N
TUD internal use only! 40 TE T 40 & k

Slide: L08 34



TECHNISCHE
UNIVERSITAT
DRESDEN

The definition of UHV is associated
with the monolayer coverage time, 3
while the other ranges are associated BB ‘ Ul+mbf3‘t ’
with the kind of gas flow. bkt F g"m £
. . = Z'z‘]m :
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The definition of UHV is associated +
with the monolayer coverage time, 3 i
while the other ranges are associated N ‘ Ultrahigh A
with the kind of gas flow. Lyl - Vdtwm |
5 “- Z'z‘]m ;
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The definition of UHV is associated
with the monolayer coverage time,
while the other ranges are associated
with the kind of gas flow.
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Rough vacuum Medium vacuum High vacuum Ultrahigh vacuum
Pressure p [mbar] 1013 - 1 1 - 108 103 - 107 <10~
Particle number density n [om™] 1019 — 1016 1018 - 1013 1013 - 1¢° <109
Mean free path A [cm] <102 102 - 10 10 — 10° > 108
Impingement rate Z, [om™ - 5] 102 — 1020 1020 — 1017 1017 — 1013 <101
Vol.-related collision rate ~~ Z, [em™ - s71] 108 - 1023 1028 — 1017 1017 — 109 <109
Monolayer time T [s] <107 16°° ~ 10 16+~ 160 > 100
Type of gas flow Viscous flow Knudsen flow Molecular flow Molecular flow

Significant reduction- Particles on the

in volume surfaces dominate

related collision rate to a great extend in
relation to particles in
gaseous space

Other special features Convection dependent ignificant change in
on pressure thermal conductivity
of a gas

- /
Viscous flow: . Molecular flow:
Mean free path << container Mean free path >> [container
dimension dimension

(Rough vacuum)
Knudsen flow:

Mean free path ~ container

http://www.falstad.com/gas/ .
| ) dimension Monolayer coverage time >

© J. W. Bartha 2020
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Example: We assume that the inner wall of a spherical vacuum
chamber is covered by a monoatomic (gas) layer. The
pressure inside is 1-10-3 mBar.

Q: How many particles are within the volume and how many
of them are attached to the wall?

© J. W. Bartha 2020
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Example: We assume that the inner wall of a spherical vacuum
chamber is covered by a monoatomic (gas) layer. The
pressure inside is 1-10-3 mBar.

Q: How many particles are within the volume and how many
of them are attached to the wall?
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At this pressure, there are 20 times more
© J. W. Bartha 2020 particles at the wall than inside the "vacuum”l
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Vacuum in space
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https://de.wikipedia.org/wiki/Weltraum
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