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Introduction

If difficulties arise in the use of the definitions in connection with measurement of some quantities, it
is recommended that reference be made to the International Standards related to the measurement of
those quantities for the practical interpretation of the terms.
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ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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Vacuum technology — Vocabulary —

Part 1:

Ge

neral terms

1

This
pred

2

The

For 1

ISO

3.1

copeE

document defines general terms used in vacuum technology. It gives theoreti€al deg
ise as possible, bearing in mind the need for use of the concept in practice.
Normative references

e are no normative references in this document.

Terms and definitions
he purposes of this document, the following terms and.définitions apply.
ind IEC maintain terminological databases for use in‘standardization at the following a

SO Online browsing platform: available at https://www.iso.org/obp

EC Electropedia: available at http://www.electropedia.org/

General terms

|

3.1.]
vac

commonly used term to describe‘the state of a rarefied gas or the environment correspondi
stat¢, associated with a pressure or a molecular density below the prevailing atmospheric 1

3.1.

ranges of vacuum

vari

Note
list g

Note

um

bus ranges ofy/ad¢uum according to certain pressure intervals

1 to entry™While there has been some variation in the selection of the limits of these intervals,
ives typical ranges for which the limits are to be considered as approximations.

2/40'entry: The prevailing atmospheric pressure on ground depends on weather conditions and

finitions as

ddresses:

ng to such a
bvel

he following

altitude and

rang

ps from 31 kPa (altitude of the Mount Everest, weather condition "low") up to 110 kPa (altitu

e Dead Sea,

weather condition "high").

(31 kPa to 110 kPa) to 100 Pa

Pressure range Definition The reasoning for the definition of the
ranges is as follows (typical circum-
stances):

Prevailing atmospheric pressure|low (rough) vacuum Pressure can be achieved by simple materials

(e.g. regular steel) and positive displacement
vacuum pumps; viscous flow regime for gases

<100 Pato 0,1 Pa medium (fine) vacuum Pressure can be achieved by elaborate
materials (e.g. stainless steel) and positive
displacement vacuum pumps; transitional

flow regime for gases

© IS0 2019 - All rights reserved
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Pressure range

Definition

The reasoning for the definition of the

ranges is as follows (typical circum-
stances):

<0,1Pato1l

x 1076 Pa

high vacuum (HV)

Pressure can be achieved by elaborate mate-
rials (e.g. stainless steel), elastomer sealings

and high vacuum pumps; molecular flow
regime for gases

<1x106Pat

01x109Pa

ultra-high vacuum (UHV)

Pressure can be achieved by elaborate ma

rials (e.g. low-carbon stainless steel), metal
sealings, special surface preparations and

cleaning, bake-out and high vacuum pum;

te-

S;

molecular flow regime for gases

below 1 x 1

9 Pa

extreme-high vacuum (XHV)

Pressure can be achieved by sophisticated
materials (e.g. vacuum fired low-carbon
stainless steel, aluminium, coppéer-berylli
titanium), metal sealings, spe€ial surface
preparations and cleaningsbake-out and 4
ditional getter pumps; maolecular flow reg
for gases

d-
ime

3.1.3

ultra clean
medium or
conditions

vacuum

high vacuum that requires special conditions for somé, gas species equivalent to

Note 1 to enffry: The requirements for the particular gas species (impurity) depend on the application.

Note 2 to enfjry: Hydrocarbons, CO, CO, and H,0 are typical impurity gases.

Note 3 to enfry: The particular requirements may also include specifications for low particle density.

3.1.4.1
pressure o
p

<on a boun
divided by ¢

Note 1 to en
mass flow of]

3.1.4.2
pressure o

p
<at a specif]

real gases i

Note 1 to enf

fa vacuum

hat area

gas);

fa vacuum

necessary

Hary surface> normal component of the force exerted by a gas on an area of a real suj

[ry: The orientation of the.surface relative to the mass flow vector being specified if there is

ied poinf.in'a bulk of gas> state of a gas according to the ideal gas law with correction

UHV

face

A net

s for

ry-When the ideal gas law is applied, the pressure p in a small infinitesimal volume is given b

y the

pI'OdUCt of number density n or gas molecules 1n this volume, boltzmann constant Kk and temperature I.

Note 2 to entry: For most practical applications in vacuum, the ideal gas law without corrections for real gases
(volume and interaction of gas molecules) is sufficient.

3.1.5

partial pressure

pressure due to a specified component of a gaseous mixture

3.1.6

total pressure
term used to denote the sum of all the partial pressures of the constituents of a gas mixture in contexts
where the shorter term "pressure" might not clearly distinguish between the individual partial

pressure and their sum

© ISO 2019 - All rights reserved


https://standardsiso.com/api/?name=fc4a2b7b0a10bfe4972f87cd0cd07355

ISO 3529-1:2019(E)

3.2 Terms to define gases and vapours and their parameters

3.2.1

gas

matter in a state such that the molecules are virtually unrestricted by intermolecular forces so that the
matter is free to occupy any available space

Note 1 to entry: In vacuum technology the word "gas" has been loosely applied to both the non-condensable gas
and the vapour.

3.2.2

~condaencable gac
non CUIIULCIIoAuUIC Suﬂ
gas Whose temperature is above the critical temperature of the substance considered,‘ilel one which
cannjot be changed into the condensed phase by increase of pressure alone

3.2.
vapour
gas Whose temperature is below the critical temperature of the substance ‘considered, i.ef one which

can be changed into the condensed phase by increase of pressure alone

3.2.
saturation vapour pressure
Py
presgure exerted by a vapour which is in thermodynamic equilibrium with one of its condepsed phases
at the prevailing temperature

saturated vapour
vapgur which exerts a pressure equal to-the saturation vapour pressure at a given temperature

Note| 1 to entry: The vapour is always-saturated when it is in thermodynamic equilibrium with one of the
condensed phases of the substance ¢ensidered.

3.2.
unsaturated vapour
vapqur which exerts a pressure less than the saturation vapour pressure of the substance|{considered
for g given temperatGre

3.2.8
nunjber density of molecules
n
<at g specified point in a gas and at a certain instant> number of molecules contained at fime t in an
adequately chosen volume surrounding that point, divided by that volume

Note 1 to entry: The word "time" is used for brevity. More exactly, an average is to be taken over a short time
interval, centred about the time, of sufficient duration so that an adequate statistical average may be obtained.

3.29
unitary mass density

Pu
mass density of a gas divided by its pressure

© IS0 2019 - All rights reserved 3
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3.2.10

bulk velocity

v

average velocity of molecules contained at time t in an adequately chosen volume surrounding that point

Note 1 to entry: The volume has to be chosen large enough that it contains a sufficient number of molecules so
that a robust statistical result can be obtained and small enough that the obtained value does not significantly

change in this volume.

3.2.11

temperature

T

quantity pr
calculated i

h the reference frame related to the bulk velocity in the same volume

Note 1 to enfry: See note to entry in 3.2.10

3.2.12
quantity of

pV
perfect gas

gas in pressure-volume units

statistically at rest, the product of the volume occupied, and its pressure

Note 1 to enflry: One shall specify the temperature of the gas.

bportional to the average kinetic energy of molecules contained at time ¢ in a small Voiume

Note 2 to entfry: This quantity so defined is equal to the quotient of the massf the gas by its unitary mass deIJsity.
Note 3 to enffry: It is two-thirds of the intrinsic (or potential) energy ofithe gas contained in the occupied volume.
3.3 Terns needed to characterize the movement of gas molecules and the flow of gases
3.31

mean free path of molecules

LA

average digtance which a molecule travels-between two successive collisions with other moledules
of the gas

Note 1 to entry: The average should be taken over a sufficiently large number of molecules and over a sufficiently
long time interval to provide a statisti¢ally significant value.

Note 2 to entry: In this concept©f mean free path, it is assumed that the interaction of molecules cuts ¢ff at
a certain didtance of the moleciilés (hard sphere model or cut-off potentials). The mean free path can algo be
defined for ¢ther types of interaction (e.g. Lennard_Jones potential). In this case, the quantity is equal tp the
mean free pdth of a gas médelled by hard spheres having the same viscosity, temperature and density as the gas
under obseryation.

3.3.2

Knudsen npniber

K, Kn

ratio of mean free path to a characteristic dimension of a duct or a vessel

Note 1 to entry: For a circular tube, the characteristic dimension of the duct is the diameter, for a duct of
rectangular cross section, it is the smaller side of the rectangle.

3.3.3

rarefaction parameter

o

ratio of a characteristic dimension of a duct or a vessel and the mean free path

Note 1 to entry: For a circular tube, the characteristic dimension of the duct is the diameter, for a duct of
rectangular cross section, it is the smaller side of the rectangle.

Note 2 to entry: The rarefaction parameter is inversely proportional to the Knudsen number.

© ISO 2019 - All rights reserved
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3.34

collision rate

v

average number of collisions suffered, in a given interval of time, by a molecule (or other specified
particle) in moving relative to the other molecules of a gas (or specified collection of particles) divided
by that time

Note 1 to entry: The average should be taken over a sufficient large number of molecules and over a sufficiently
long time interval to provide a statistically significant value.

3.3.5
diff
mov|

! biUll Uf 595
ment of a gas in another medium due to a concentration gradient

Note] 1 to entry: The medium may be another gas (in that case the diffusion is said_to|be "njutual”) or a
nsed medium.

absdlute value of the mass flow rate per unit area divided by the density gradient, wherg the area is

ge of a gas through a duct under conditions such that the mean free path is very small in
comparison with the smallest internal dimension ef.a transverse section of the duct, the flow being

3.3.

Note|1 to entry: When the flow igtaminar and the cross-section of pipe is circular, the flow is especiplly called as

ge of a gas €hrough a duct under conditions such that the mean free path is vdry large in

transitional flow

passage-efags lecular flow

3.3.11

slip flow

passage of a gas through a duct under conditions such that the mean free path is smaller but not much in
comparison with a characteristic dimension of the duct, the flow being therefore subject to the velocity
slip condition on the duct walls

Note 1 to entry: For the characteristic dimension of the duct, see Note 1 in 3.4.7.

Note 2 to entry: For conditions of slip flow, the bulk velocity is not assumed to be zero at the wall of the duct as it
is assumed under viscous flow conditions.

Note 3 to entry: Conditions of slip flow are intermediate between transitional and viscous flow.

© IS0 2019 - All rights reserved 5
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3.3.12

molecular effusion; effusive flow

passage of gas through an aperture under conditions such that the largest dimension of the opening is
smaller than the mean free path

3.3.13
transpiration
flow of a gas through a porous solid, due to a difference of pressure

3.3.14
thermal transpiration
passage of g '
which resu

s in a pressure gradient when gas transfer equilibrium is reached

3.3.15
molecule flow rate
molecular flux

N
difference hetween the number of molecules which, in a given interval of time;¢ross the area, S}in a
given direction and the number of those that cross, S, in the opposite directionydivided by that tim

D

3.3.16
molecule flow rate density; density of molecular flux
molecule flgw rate divided by the area of the cross-section area

3.3.17
throughpu
CIpV
quantity of[gas (in pressure-volume units) passing through a cross-section in a given interval of time,
divided by that time

-

Note 1 to enflry: It is also the mass flow rate divided by the unitary mass density.

3.3.18
mass flow rate

am
mass of gas|crossing the area, S, in a.given interval of time, divided by that time

3.3.19
volume flow rate
ay
volume of gas at a specified temperature and pressure crossing the area S in a given interval of {ime,
divided by ghat time

3.3.20
molar flow] rate

a4,
number of moles of a given gas crossing the area, S, in a given interval of time, divided by that time

3.3.21
maxwellian velocity distribution
velocity distribution which corresponds to the velocity distribution function of Maxwell-Boltzmann

Note 1 to entry: It is the velocity distribution of gas molecules which are at equilibrium for a given temperature.

3.3.22

transmission probability

Pc

probability that a molecule which enters the inlet port of a duct at random passes the outlet port of the
duct without having passed the inlet port in the opposite direction

6 © IS0 2019 - All rights reserved
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molecule conductance
Cy, Uy
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<of an orifice or between two specified cross-sections of a duct> molecule flow rate divided by the
difference in the average number density of molecules at both sides of the orifice or at the two cross-

sections of the duct

3.3.24
conductance
cCU

<of a duct, or part of a duct, or an orifice> throughput divided by the difference in mean pressures

previailing at two specified cross-sections or at both sides of the orifice, assuming isothermall conditions

3.3.25
intrjnsic conductance
Ci,’ bl

conductance in the special case where the duct (or the orifice) connects two vessels under the condition

that|Maxwellian velocity distribution prevails in the vessels

Note|1 to entry: In the case of molecular flow, it is equal to the product of the-gonductance of the i
the tfansmission probability.

3.3.26

resistance
w
reciprocal of the conductance

3.4 | Terms to define surface und bulk effects in vacuum technology

3.4.1
sorption
taking up of a gas or vapour (the sorbate)}by a solid or a liquid (the sorbent)

3.4.2

rption
ion in which the gas or the'vapour (the adsorbate) is retained at the surface of the

3.4.

hlet port and

solid or the

absorption

sorption in which the gas (the absorbate) diffuses into the bulk of the solid or liquid (the absorbent)

3.4.6
energy (thermal) accommodation coefficient
a

ratio of the mean energy actually transferred between impinging particles and a surface, to the mean

energy which would have to be transferred for the impinging particles to return from
having reached complete thermal equilibrium with the surface

© IS0 2019 - All rights reserved
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momentum accommodation coefficient

o

ratio of the mean momentum actually transferred between impinging particles and a surface, to the
mean momentum which would have to be transferred for the impinging particles to return from the
surface having reached complete thermal equilibrium with the surface

3.4.8

impingement rate

¢

number of molecules impinging on a surface in a given interval of time, divided by that time and the

area of the

3.49

condensatlcl)
olecules (or amount of substance, or mass of substance) which condense gn‘a surface i

number of
given intery

3.4.10

sticking ra
number of 1
the area of 1

3.4.11
sticking pr
Pg

ratio of the

3.4.12
residence {
T

average tim

3.4.13
migration
motion of a

3.4.14
desorption
liberation

Ot[
Note 1 to enffry: The liberation can be spontaneous and can be accelerated by physical processes.

3.4.15
degassing
deliberate ¢

3.4.16

urface

n rate

ral of time, divided by that time and the area of the surface

ke
holecules which are sorbed on a surface in a given interval of tithe,'divided by that timg
he surface

obability

ticking rate to the impingement rate

ime

e which molecules remain bounded to surface in a state of sorption

lsorbed molecules on a surface

gases or vapours'serbed by a material

esorption of gas from a material

outgassing
spontaneous desorption of gas from a material

3.4.17

specific evaporation rate
number of molecules (or amount of substance, or mass of substance) which evaporate from a surface in
a given interval of time, divided by that time and the area of the surface

and
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