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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies (1ISO
member bodies). The work of preparing International Standards is normally carried out through 1SO 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 commrttee International organrzatrons governmental and non- governmental in
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(IEC) on aII matters of electrotechmcal standardization.

Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 3.

tional Standards adopted by the technical committees are circulated to the metmber bodies
1S an International Standard requires approval by at least 75 % of the member'hodies casting
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Annexes A,

hall not be held responsible for identifying any or all such patent rights:

Standard ISO 6145-7 was prepared by Technical Committee ISO/TC 158, Analysis of gases.
nsists of the following parts, under the general title Gas analysis — Preparation of calib
g dynamic volumetric methods:

flethods of calibration

olumetric pumps

ontinuous injection method

apillary calibration devices

ritical orifices

hermal mass-flow controllers

aturation method

Permeation method

be the subject of<aZfuture part 8 to ISO 6145. Part 3 to 1ISO 6145, entitled Periodic injecti
m, has been withdrawn.

B and C of this-part of ISO 6145 are for information only.
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Introduction

This part of ISO 6145 is one of a series of International Standards dealing with various dynamic volumetric methods
used for the preparation of calibration gas mixtures.

© 1SO 2001 - All rights reserved \Y
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Gas analysis — Preparation of calibration gas mixtures using
dynamic volumetric methods —

Part 7

Thermal mass-flow controllers

1 Scop

This part

more components, from pure gases or other gas mixtures by use of commercially;available therm
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multi-com
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The follow
this part o
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the latest
currently

ISO 6143
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Df ISO 6145 specifies a method for the continuous production of calibration gas mixtures, cont

. By adjustment of set-points on flow controllers to pre-determined valyes, it is possible to
bn of the gas mixture rapidly and in a continuously variable manner. By selection of
pns of thermal mass-flow controllers and with use of pure gases, the.volume fraction of the ¢
the complementary gas can be varied by a factor of 1000. The relative expanded u
nent, U, obtained by multiplying the relative combined standard-uncertainty by a coverage fac
r than 2 %.

hining two or
hl mass-flow
change the
appropriate
pmponent of
hcertainty of
or, k =2,is

bd gases are used instead of pure gases, mole fractions below 10~° can be obtained. The measurement of

is not absolute and the flow controller requires independent calibration.

5 of the method are that a large quantity of the gas'mixture can be prepared on a continuous b
ponent mixtures can be prepared as readily as*binary mixtures if the appropriate number of th
Dllers is utilized.

ing systems, based upon thermal mass*flow controllers, and some including the facility of con
hatic control, are commercially avalilable.

ative references

ing normative documents contain provisions which, through reference in this text, constitute
fISO 6145. For dated references, subsequent amendments to, or revisions of, any of these pu
However, parties’to agreements based on this part of 1ISO 6145 are encouraged to iny

asis and that
ermal mass-

puterization

orovisions of
blications do
estigate the

of applying. the-most recent editions of the normative documents indicated below. For undated references,

edition of~the normative document referred to applies. Members of ISO and IEC maintain
alid Interpational Standards.

Gas analysis — Comparison methods for determining and checking the composition of c3

registers of

libration gas

mixtures.

ISO 6145-1:1986, Gas analysis — Preparation of calibration gas mixtures — Dynamic volumetric methods — Part 1:
Methods of calibration.

3 Principles

3.1 The

rmal mass-flow controller using a constant current supply

To prepare the gas mixture each gaseous component is passed at a known, controlled flowrate, and at a constant

pressure,
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A thermal mass-flow controller consists of a measuring unit for mass flow and a proportioning valve which is
controlled by an electronic unit.

The flowing gas is passed through a heater connected to a constant current supply and the temperature is measured
upstream and downstream from the heater.

The schema in Figure 1 shows the heater, temperature sensors and associated circuitry. The two temperature
sensors, one upstream and one downstream from the heater form two resistors of a Wheatstone bridge circuit, which
is balanced to give zero reading when there is no gas flow. When there is a gas flow through the system a
temperature difference, AT, is established between the two sensors such that the heat flux, @, is given by:

¢ = C,ATq,,
where
Cy is th¢ heat capacity per unit mass, or molar heat capacity, of the gas at constant pressure;
qm is the mass flowrate.
The differenge in temperature between sensors results in a potential difference across the Wheatstone bri

and thus a
resulting out

signal. This signal is compared with an adjustable referenee voltage in a differential amg
put signal is in turn used for operating a control valve to regulate the flow of gas.
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Figure 1 — Thermal mass-flow controller with constant current supply
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3.2 Thermal mass-flow controller under constant temperature control

In this system (Figure 2) the gas passes through three heaters in sequence and each of which is connected into an
resistor of a self-regulating Wheatstone bridge. Instead of the difference in temperature being measured, the input to
each heater is such that the temperature distribution along the flow path is maintained uniform. The Wheatstone
bridge current is proportional to the heat loss and therefore proportional also to the mass flow of the gas. The output
signal is again used to operate a solenoid valve to control the mass flowrate.

In the preparation of multicomponent mixtures, it is often necessary to use one mass-flow controller for each
component. Dual-channel controllers are available and may be used for the preparation of binary mixtures or, for
example, for the preparation of mixtures of a given gas in air.
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Figure 2 — Thermal mass-flow controller under constant temperature control

4 Prepération-of-gas-mixtures

4.1 Description of the experimental procedure

A schematic diagram of the arrangement for the preparation of binary mixtures is shown in Figure 3.

© 1S0 2001 - All rights reserved 3
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Complementary gas:

1 Cylimder of pressurized gas
2 Pregsure regulator

3 Shut-off valve

4 Filtey against contamination
5 Thefmal mass-flow controller
6 Shuf-off valve (optional)
Calibration cpmponent:

7 Cylinder of pressurized gas
8 Pregsure regulator

9 Shut-off valve

10 Filtey against contamination
11 Thefmal mass-flow controller
12 Shut-off valve

13 Mixiphg vessel

Figure 3 — Mixing apparatus for production of binary gas mixtures by means of
thermal mass-flow controllers

Gas cylinders (1) and (7) containing the complementary gas and the calibration component, respectively, are
connected to the thermal mass-flow controllers (5) and (11) through pressure regulators (2) and (8) and shut-off
valves (3) and (9). The two in-line filters (4) and (10) provide protection against contamination. The gases from the
flow controllers enter the mixing vessel (13).

The recommended working range for the pressure regulators is 60 kPal) (0,6 bar) to 600 kPa (6,0 bar). The pressure
regulator for the “gaseous component” shall also be suitable for the particular component involved (for example the

1) lbar=100kPa=0,1MPa;1Pa=1 N/m?

4 © 1SO 2001 — All rights reserved
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diaphragm shall be of stainless steel or other corrosion-resistant material). Similarly, the thermal mass-flow
controllers shall be suitable for use with the gaseous components and for the requirements of the gas mixture.

Set the input pressures appropriate to the controllers using the pressure regulators and open the shut-off valves (3),
(6) and (9). Purge the inlet path of the gaseous component through the shut-off valve (12), which shall be of a type
which can be operated rapidly.

Adjust the set points of the controllers so as to obtain the respective flowrates in the correct ratio for the desired
composition of the binary gas mixture; meanwhile, continue the purging process of the input tube for the component
gas by multiple opening and closing of valve (12), until a total volume of gas at least ten times the volume of the flow

path has been vented.

When the
vessel (13
(13) is low

the instrunent.

NOTE Alt
method c&

necessary
order to as|

system has been thoroughly purged, feed the gases via the thermal mass-flow controllers.i
), constructed from inert materials. Provided that the resistance to flow downstream of the n
in relation to the flow being delivered at the source, the mixture flows at ambient atmospheri

hough for most applications the gas mixture will be transmitted at the prevailing ambient atmospheric
n also conceivably be applied to convey mixtures at elevated exit pressures. HoWwever, in this cas
to give due consideration to changes in C, and in the density of the gaseous components with respect
5ess the validity of this procedure.

0 the mixing
hixing vessel
pressure to

pressure, this
e it would be

to pressure in

4.2 Area of validity
The methpd is applicable to the preparation of mixtures of non-reacting species, i.e. those which do not react with
any mate nt. Particular

care shal
compone
for examp

This meth
it is to be

4.3 Ope

The condi
that whicH
there shal
only over
preparatid
flow syst¢
and all un

Unless in
maintaine|

Ial of construction of the flow path in the thermal mass-fléw controller or the ancillary equipme
I

be exercised if the method is considered as a meansof preparation of gaseous mixtures w
ts which form potentially explosive mixtures in air. Steps shall be taken to ensure that the appa
le by means of in-line flame arrestors in addition;to'the items listed in 4.1.

od is not absolute and each thermal mass-flow controller shall be calibrated for the particular g
Lised.

rating conditions

tions for efficient operation.of the sensor system are that there shall be no heat loss or heat gai

results from the flow of gas, between the region of the heater and that of the downstream sen
| be uniform temperature ‘distribution across the gas stream. The assumption that Cj, is con
a restricted range of temperature. The general precautions common to all dynamic te
n shall be observed. It is essential that attention be paid to the materials used in the constr|
m. Only materials of low porosity, and which are non-adsorbing are suitable. The pipework s
ons securet

dependence of the thermal mass-flow controller to its orientation has been established
[ in‘the orientation in which it was calibrated. Controllers shall be calibrated for the component

hich contain
ratus is safe

jas for which

n, other than
sor, and that
stant is valid
chniques of
uction of the
hall be clean

it shall be
S in question

and it ma

be necessary to consult the manufacturer of the controller if the type of gas is to be changg

ed; it may be

necessary for the sensor to be changed.

5 Calculations

5.1 Volume fraction

The volume fraction can be determined with reference to any of the methods of calibration described in clause 3 of
ISO 6145-1:1986. Due consideration shall be given to the uncertainty associated with the method selected.

Calibration of the thermal mass-flow controller will define the mass flowrate, g,,, or the volumetric flowrate, gy,
dependent on the method used.

© ISO 2001

— All rights reserved


https://standardsiso.com/api/?name=d2931ab2aad58b0def31171a8c4ff0a1

ISO 6145-7:2001(E)

o
Im = C,AT
0
W= CopAT

where p is the density of the component.

The mole fraction is

)

®3)

A dm.A dm.B

Ip =

>'Q

where

M, and My
Gm.a and g
The corresp

YA = qy

5.2 Sourc

Commercial
analogue or
is maintaine
set-point rep

_|_

[ My~ Mg

are the molar masses of components A and B respectively;
B are the values of mass flowrate, g,,, for components A and B respeetively.

bnding volume fraction is:

’,A/ (C.IV,A + QV,B)

bs of uncertainty

y available thermal mass-flow controllers indicate the gas flowrate usually in volume urn
digital display. Typical claims for accuracy aré=t 1 % of full scale, provided that the ambient te
i within £ 5 °C of the temperature at whi¢h-the instrument was calibrated. The corresponding
eatability are 4= 0,2 % full scale.

(4)

©®)

its as an
mperature
claims for

(6)

@)

It is assumed that pressures and temperatures respectively are measured with the same instruments during
calibration apd use, so that the standard uncertainties in these measurements are constant throughout.
From equatipns (2) and (3):
- <2 Cr 12 r 12) /2
u (gm) R (D) D u (Cp) n u (AT)
Qm | @ e | AT
" .2 -2 42 2 1/2
ulgv) | J|w(®) u (Cp) u(AT) u(p)
— + +l— +|—
qv | D | e | AT p

NOTE The expressions for relative combined uncertainty given in equations (6) and (7) are provided for information only. They
have been given in order to identify the parameters which contribute to % (gm ) /gm and u (qv) /qv. ® and AT are functions of
the mass-flow controller and the uncertainties are covered by the uncertainty quoted by the manufacturer.

The following

is a typical example of the relative change in C, with temperature and pressure.

EXAMPLE With reference to effects of pressure and temperature changes, the relative change in C,, for nitrogen, for example, at
100 kPa (1 bar) for a change of 5 K in temperature from 290 K is approximately 0,000 2. The relative change in C, at 290 K for a
change in pressure from 100 kPa (1 bar) to 200 kPa (2 bar) is approximately 0,001.

These values show that the effects of pressure and temperature changes are negligible in comparison with the uncertainty
inherent in the controller itself.

© ISO 2001 - All rig
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The uncertainty of the volume fraction of the component in the calibration mixture, at constant temperature and
pressure, can be estimated from the separate uncertainties in the flowrates of the component and the

complementary gas.

The volume fraction, @, of component A is given by equation (5).

The relative expanded uncertainty in @y 4 is then given by:

Fo (s 12
\1V

U (pp— Frs

2] 1/2

Pa QVA+(ZVB) i qv A

The derivaition of the above formula is summarized in C.1 of annex C.

The coverjage factor “2” has been applied in order to give a coverage probability of approximately 95 % i

normal distribution.

The unceftainty in the flowrates is estimated by calibration of the thermal mass-flow controllers by

methods presented in ISO 6145-1.

This estinjate of the relative uncertainty in the composition depends entir€lyon the uncertainties in mea
flowrates.|The other factor to be taken into account is the efficiency of mixing. To check the effectivenes
system to| provide a homogeneous calibration gas mixture, mixtures.shall be prepared by the method
clause 4 gnd the compositions shall be checked by the comparison.method, specified in ISO 6143.

This procgdure also identifies bias from other sources and establishes traceability against standard gas

r/ll (ﬂr
,H { V87

qv s

Iy

(8)

h the case of

one of the

surements of
5 of a mixing
described in

mixtures.
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Annex A
(informative)

Pre-mixed gases for preparation of mixtures of high dilution

A.1 Calculation of volume fraction

If pre-mixed gases are used instead of pure gases mixtures of higher dilution can be prepared. Calculation of volume
fraction is then as below.
The volume fraction of component A in the final calibration gas mixture is given by:
o = Ohav M+ Paqve _ ©AqV M+ Paqv e A1)
qvm T qve 9o
where
gpg is volume fraction of A in the pre-mixed gas;
On is volJume fraction of A in the complementary gas, B (this will’iermally be zero);
qv.m  is volume flowrate of the pre-mixed gas, M;
qve isvolume flowrate of the complementary gas, B;
4y is volume flowrate of the calibration gas.
NOTE ¢, =|qv.m + qv s only if there is no volume change on mixing.
A.2 Uncdrtainty of volume fraction
It is necessdlry to take into account the standard uncertainties of the volume flowrates and the standard ung¢ertainties
of the volunfe fractions of¢the calibration component in the pre-mixed gas and also in the complementary gas (if
relevant). NQrmally the-complementary gas will not contain the calibration component.
For the case in wthich the complementary gas does not contain the active component A:

/
qv,
op = —2AdVM (A.2)
qgvm+Qqve
and the relative standard uncertainty in the volume fraction @, is given by:
2 2 2 Snq2) 12
u(pa) _ qve [U(QV,M)] n [u(qws)] N (qv,M +qv,s) [U(%)} A3
©a qve +qvm qv m qv B qv B A

This equation is derived in C.2.
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https://standardsiso.com/api/?name=d2931ab2aad58b0def31171a8c4ff0a1

ISO 6145-7:2001(E)

Annex B
(informative)

Practical hints

The complete flow system should be clean and free of particulates.

Pressure regulators and associated pipework should be dedicated for use with specific gaseous compo

The ther
for prepar

possible volume fractions. The use of an unsuitable range results in increased uncertainty.
Shut-off vialves should be installed between pressure regulators and thermal mass-flow, controllers tg
there is ng leakage from the regulators.

All dimensions of the flow paths and the materials of construction should be,carefully selected so as
interaction with the gaseous components. In particular, pressure regulators should be suitable for the
they are t¢ convey. GC-quality stainless steel tubing should be used to convey reactive components. It i
for non-reactive complementary gases to be conveyed in plastics materials such as poly
polytetrafluorethylene. If there is any risk of adsorption, however, stainléss steel should be used.

hal inner diameter of the conveyance tubes should be 1,5 mm to 2,0 mm for the active cor
6,0 mm for the complementary gas.

The nomi
4,0 mm to

Before usg of the calibration gases, ensure that the pipewiork for the active component is sufficiently pu
componennt concerned. A short period is satisfactory in‘the case of the pure gas or pre-mixed gases at h
fractions, put several hours are necessary for the mare dilute pre-mixed gases (below 10™* by volume)

For calibration of gas analysers at normal atmospheric pressures the calibration gas should be supplied
pressure;|suitable by-pass tubes should therefore be provided. The excess depends upon the ca
componeit and the pressure dependence.of the analyzer.

e of corrosive or toxic gases any excess flow should be safely vented but long runs of vent
avoided in order to minimize back-pressure effects.

In the cas
should be

nt of a short int€rruption in the analyser calibration procedure, conveyance of the gases s
nd if connecting.tubes are removed they should be adequately sealed against contamination.

In the evd
arrested &

nents.

when in use

rate and the

ensure that

to minimize
gases which
permissible
ethylene or

hponent and

ged with the
gher volume

at no excess
ibration gas

ng pipework

hould not be
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C.1 Derivation of the relative standard uncertainty, , i @a

Annex C
(informative)

Uncertainty of volume fraction — Mathematical derivation

The symbols are those given in 5.3, except that the suffix “V” (for example in gy’ 4) has been omitted in order to

simplify the

mulae

The concent

YA = ]

where g an

The uncerta

u ()

qa
+ g8

1 g are respectively the flowrates of the components A and B.

nty in @a is:

: { B%} (G + (Z%) 0 (qsnz}

1/2

By differentigtion of equation (C.1):

(_>
(_>
EQB

and by subs

u ()

> -2
_ gs
L (ga + QB)z_
> 42
N I S
| (ga + QB)Z_

itution in equation (C.2) therélative standard uncertainty is:

27N

_ (QA+QB> {( 1 2} {qé [ (g2 + ¢ [u (qB)]Z}l/Z

s ga + QB)

2 2 1/2
e e e

ga  [[u(g)]? FU(aBﬂz]l/z
4 da)

ration of component A in a mixture of A and complementary gas B is given by:

The coverag

C.2 Uncertainty of the volume fraction — Mathematical derivation

QA"FQBI\_ da ds

e factor “2" is applied in 5.3 to give 95 % coverage probability.

(C.1)

(C.2)

NOTE This expression has been derived for the mass-flow controller method, but is equally applicable for other methods
described in the various parts of ISO 6145.

The symbols are those given in A.1, except that the suffix “V” (for example in gy ) has been omitted in order to

simplify the f

10

ormulae.
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