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Foreword

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.

The preecedures—tsed—to—developth ment-and-these—ntendedfor—its—further-maintenance are
described in the ISO/IEC Directives, Part 1. In particular, the different approval criteria‘needed for the
different types of ISO documents should be noted. This document was drafted in acéordapce with the
editdrial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this documént may be the subject of
patent rights. ISO shall not be held responsible for identifying any or all suelf patent righfs. Details of
any patent rights identified during the development of the document willbe in the Introdu¢tion and/or
on tHe ISO list of patent declarations received (see www.iso.org/patents);

Any trade name used in this document is information given for the'éonvenience of users gnd does not
consfitute an endorsement.

For an explanation of the voluntary nature of standards; the meaning of ISO specifi¢ terms and
exprgssions related to conformity assessment, as well ‘as’information about ISO's adhefence to the
World Trade Organization (WTO) principles in the Téchnical Barriers to Trade (TBT), see www.iso
.org fliso/foreword.html.

This|document was prepared by Technical Committee ISO/TC 30, Measurement of fluid flow in closed
condlits, Subcommittee SC 5, Velocity and mass methods.

This|second edition cancels and replaces;the first edition (ISO 14511:2001), of which it donstitutes a
mindr revision.

The ¢hanges compared to the previous edition are as follows:

— the sentence “The meastirand temperature difference between the two sensors is proportional to the
mass flow rate” has béen‘removed from 5.1;

— the references tofthe VIM and GUM Guides have been updated.

Any feedback or questions on this document should be directed to the user’s national standprds body. A
complete listing‘of these bodies can be found at www.iso.org/members.html.
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Introduction

This document has been prepared to guide those concerned with the specification, testing, inspection,
installation, operation and calibration of thermal mass gas flowmeters.

Alist of standards related to this document is given in the Bibliography.
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Measurement of fluid flow in closed conduits — Thermal
mass flowmeters

1 Scope

This document gives guidelines for the specification, testing, inspection, installation, operation

and anmmmm#gﬁmmﬂmres. It is not
applicable to measuring liquid mass flowrates using thermal mass flowmeters.

This|document is not applicable to hot wire and other hot film anemometers, also used in making point
velogity measurements.

2 Normative references

The following documents are referred to in the text in such a waykthat some or all of their content
constitutes requirements of this document. For dated references,‘enly the edition cited [applies. For
unddted references, the latest edition of the referenced document(including any amendments) applies.

ISO/IEC Guide 98-3, Uncertainty of measurement — Part 3z, Guide to the expression of uncertainty in
meagurement (GUM:1995)

IS0 4006, Measurement of fluid flow in closed conduits.— Vocabulary and symbols

ISO 7066-2, Assessment of uncertainty in the calibvation and use of flow measurement devices — Part 2:
Non-linear calibration relationships

IEC §1000-4, Electromagnetic compatibility-(EMC) — Part 4: Testing and measurement technjques

3 Terms and definitions
For the purposes of this docdijent, the terms and definitions given in ISO 4006 and the follpwing apply.
ISO gnd IEC maintain terminological databases for use in standardization at the following dddresses:

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

— IEC Electropedia: available at http://www.electropedia.org/

3.1 | General terms

3.1.1
flowrate

quotient of the quantity of fluid passing through the cross-section of a conduit and the time taken for
this quantity to pass through this section

Note 1 to entry: In this International Standard, the term “flowrate” is used as a synonym for mass flowrate,
unless otherwise stated.

3.1.2
mass flowrate
flowrate in which the quantity of fluid is expressed as a mass

Note 1 to entry: The term “flowrate” is used as a synonym for mass flowrate in this International Standard,
unless otherwise stated.

© IS0 2019 - All rights reserved 1
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3.1.3

uncertainty of measurement

parameter, associated with the result of a measurement, that characterizes the dispersion of the values
that can reasonably be attributed to the measurand

Note 1 to entry: To explain the closeness of agreement between the result of a measurement and a true value of
the measurand the expression “accuracy of measurement” is used.

Note 2 to entry: Accuracy is a qualitative concept.

3.1.4

repeatability
<measuring instrument> ability of a measuring instrument to provide closely similar indications for
repeated applications of the same measurand under the same conditions of measurement

Note 1 to entty: These conditions include:

— minimizgd variations resulting from the observer;

— the sam¢ measurement procedure;

— the samg¢ observer;

— the sam¢ measuring equipment, used under the same conditions;
— the samg¢ location;

— repeated measurements within a short period of time.

3.1.5
flow profile
graphic representation of the velocity distribution

Note 1 to enftry: The point flow velocity across the cress-section of a conduit is not constant. It varieg as a
consequencelof upstream and downstream disturbahces and with the Reynolds number of the flow stream/|For a
fully developgd flow, the point flow velocity vari€s from 0 m/s at the pipe wall to a maximum value at the cgnduit
centre. The flow profile describes the variation of the flow velocity across the conduit cross-section and mfay be
expressed mathematically or graphically.

3.2 Specific terms

3.21
sensor
element of 3 measuring fastrument or measuring chain that is directly affected by the measurand

3.2.2
laminar flow element

element inserted into the gas stream to establish a constant ratio between the main flow streanm and
the bypass fllows ’rhrnngh the sensor

3.2.3

thermal mass flowmeter

TMF meter

flow-measuring device which uses heat transfer to measure and indicate mass flowrate

Note 1 to entry: The term thermal mass flowmeter also applies to the measuring portion of a thermal mass flow
controller and not the control function.

3.2.4

capillary thermal mass flowmeter

CTMF meter

TMF meter normally consisting of a laminar flow element, bypass tube (capillary), temperature sensors
(some designs include a separate heater) with supporting electronics and housing

2 © IS0 2019 - All rights reserved
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3.25

insertion and/or in-line thermal mass flowmeter

ITMF meter

TMF meter normally consisting of one or two temperature sensing sensors (some designs have a
separate heater) with supporting structure, electronics and housing, of which the sensors are exposed
to the full gas stream

3.2.5.1

insertion-ITMF meter

ITMF meter with the sensors mounted on a probe, inserted through the process conduit wall, into the
gas stream

3.2.5.2
in-line ITMF meter
ITMK meter with the sensors mounted in a flow body which serves as an integral partof the conduit

3.2.6
mass flow controller
flow[controlling device that comprises a TMF meter, a valve and controllihg electronics

Note|1 to entry: The output of the TMF meter is compared against an ‘adjustable setpoint and the valve is
corrgspondingly opened or closed to maintain the measured flowrate at the setpoint value.

3.2.7%
transmitter
asso¢iated electronics providing the heater with electrical power and transforming the gignals from
the temperature sensors to give output(s) of the measufed parameters

Note [l to entry: The transmitter can be integrally mounted to a TMF meter. However, for some applications the
trangmitter can be remotely installed away from theflow sensor.

3.2.8
retractor mechanism
<ins¢rtion-ITMF meters> mechanicalvarrangement including an isolation valve that|allows the
positfioning and /or extraction of the flow sensor within the conduit

3.2.9
rangeability
statgment of the minimum and maximum limits of which an individual sensor can measure pnd indicate

EXANPLE For a Gmaximum flowrate = 1 000 kg/h and a minimum flowrate = 1P kg/h, the
ranggability = 10 kg/h to 1 000 kg/h.

3.2.9.1
turndown
numerical\ratio of the maximum to minimum limits of which an individual sensor can meagure

EXAMPEE For a maximum flowrate = 1 000 kg/h and a minimum flowrate = 10 kg/h, the turndown
ratio=1000/10 = 100:1.

Note 1 to entry: In practice, the terms rangeability and turndown are used interchangeably and can be associated
with an uncertainty statement.

3.2.10

k-factor

numerical factor unique to each TMF meter which is associated with the mass flowrate derived during
the calibration and when programmed into the transmitter ensures that the meter performs to its
stated specification

Note 1 to entry: When a surrogate gas has been used for calibration purposes, the manufacturer’s gas factor list
or database has been applied for conversion to the desired gas under process conditions.

© IS0 2019 - All rights reserved 3
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normalized volume flowrate, (GB)

standardized volume flowrate, (US)
flowrate for which the quantity of fluid is expressed in terms of volume, with the fluid density calculated
at a known and fixed pressure and temperature condition

Note 1 to entry: The values used to define these reference conditions (also known as “standard reference
conditions”) are industry and country specific and therefore shall always be specified when these units are used.
Typical reference conditions are 0 °C and 101,325 kPa.

Note 2 to entry: Normalized volumetric units or volumetric units specified to standard reference conditions,
such as “Nm3/h”, are commonly used with CTMF and ITMF meters, however this practice is not recomm

nded

as they aren
significant erf
followed by t

3.2.12
normalized
standardiz
flowrate for
calculated a

Note 1 to er
conditions”)
Typical refer

Note 2 to en
such as “Nm
as they are n
significant erf

followed by the expression “(normalized)”, e.g. m/s (normalized).

4 Selectjon of thermal mass flowmeters

TMF meterg fall into two basic design categories:

a) capillary TMF meters (CTMF meters);

b) full bor¢ TMF meters, consisting of the following two types (ITMF meter):
1) insg¢rtion type;
2) in-line type.

The choice d

k a known and fixed pressure and temperature condition

bither SI units nor symbols and their use without knowledge of the reference conditions wilhlg

he expression “(normalized)”, e.g. m3/h (normalized).

velocity, (GB)
pd velocity, (US)
which the quantity of fluid is expressed in terms of the speed of flow;-with the fluid de

try: The values used to define these reference conditions (also’ known as “standard refe
hre industry and country specific and therefore shall always beSpecified when these units are
bnce conditions are 0 °C and 101,325 kPa.

[ry: Normalized volumetric units or volumetric units specified to standard reference condi

s”, are commonly used with CTMF and ITMF meters,However this practice is not recomme
either SI units or symbols and their use without knowledge of the reference conditions will 14

f appropriate design for a particular application is primarily dependent on:

— thereq

— theclea

iréd flowrate and range;

ad to

rors. In this International Standard, volumetric units specified to standard reference conditions are

nsity

rence
used.

fions,
nded
ad to

rors. In this International Standard, volumetric units specified to standard reference conditions are

nliness of the gas;

the conduit dimensions.

The two basic types of TMF meters have a number of overlapping characteristics for flowrate and
conduit dimensions as shown in Table 1. Other factors may influence the final choice of the meter
depending on the application. Table 1 is a guideline only and the manufacturer’s specifications should
be consulted for the absolute limits.

© ISO 2019 - All rights reserved
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Table 1 — Preliminary TMF meter selection criteria

Lo ITMF meter
Characteristic CTMF meter ) .
In-line Insertion
. <2000 m3/hab at reference condi- b b

Typical flow range tions of 0 °C and 101,325 kPa 0,22 kg/hto 7 000 kg/ha, > >5kg/habc

Typical conduit size 3 mm to 200 mm 8 mm to 200 mm >80 mm

Gas condition Clean and dry only Preferably clean and dryd

Gas temperature <70°C <500°C

a  Flow range is dependent on the conduit size.

b
c
d

Duoted flow range in air or nitrogen.

his is the minimum flowrate in a 80 mm conduit. Flowrates in excess of 100 t/h can be achievegdin largg

he ITMF meter can operate in the presence of dirty and/or wet gases. However, its performatice’is impajired.

conduits.

5 ¢

5.1

A typical CTMF meter consists of a meter body and flow sensor-“The flow sensor is mounte

into
(byp

temperature sensors. Depending upon the meter manufacturer, the heater can either be co

each

temperature sensor upstream (77) and the one downstream (77) of the gas flow.

A pr
both

Capillary thermal mass flowmeter (CTMF meter)

Principles of measurement

the meter body. A defined portion of the gas flow from/he meter body is diverted
pss) flow sensor, through which the gas flowrate is measured.

d integrally
through the

temperature sensor or be located separatelyin the middle of the flow sensor, i.e.

pcision power supply delivers constant heat to the flow sensor. Under stopped-flow
sensors measure the same tempetature. As the flowrate increases, heat is carried

bined with
etween the

Figure 1 shows a simplified CTMF meter with a typicdlflow sensor consisting of a thin ti;lbe and two

conditions,
away from

the yipstream sensor (T1) towards (the downstream sensor (T2). A bridge circuitry interprets the

temperature difference and an amplifier provides the flowrate output signal.
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5
T, T, T, T,
1 6 2 3 4

a) Two temperature sensors and separate heater  b) Two self-heating temperature sensorf

Key
upstream temperature sensor T

downstrgam temperature sensor T3

upstream temperature sensor 71 (with heater)
downstrgam temperature sensor T (with heater)
constant|power supply P

heater
bridge circuitry
amplifie]
flow signal output (typically 0 Vto5 V DC for 4 mA to 20 mA)

O 0 N O U1 H» W N -

Figure 1 — Simplified CTMF meter

The flow sgnsor measures the mass flowrate as a function of temperature difference. This cgn be
expressed gccording\to first law of thermodynamics (heat in = heat out, for no losses) for which the
following formulae:apply:

T =T, |
P=|:qmXCp—" *‘|+ (1)
CTMF
or after rearranging Formula (1):
_(P=L)x fcrumr
A =\ (2)
¢, (T,-Tq)
where

6 © IS0 2019 - All rights reserved
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qm is the mass flowrate, expressed in kilograms per second;
Cp is the specific heat, expressed in joules per kilogram per kelvin []J/(kg K)], of the gas at
constant pressure;

T, - T1 isthe temperature difference, expressed in kelvins;
P is the constant input power, expressed in watts;

L is the end conduction loss, expressed in watts;

to the flow meter body through the mounting arrangement o
since the transducer is normally mounted at one of its ends.

fthe transducer.
fictmp  is the constant meter factor related to the CTMF meter design.

Flow}-through thermal mass flow sensors are only accurate at relatively low/flowrates. T|
as tg measure accurately higher flowrates, it is necessary to split the total flow. This flo
is cafried out in the meter body by means of a laminar flow element,“This element prodt
pressure drop that forces proportional fraction of the total mass flow*rate to go through the
(capilllary).

The full-scale (FS) flow range of a CTMF meter is directly influerniced by the specific heat ¢y
pressure) of the process gas.

Not gll calibrations can be performed using the desired @rocess gas. If the gas is corrosive o

conduction
tis so called

herefore, so
w diversion
Ices a linear
flow sensor

(at constant

Fhazardous,

it is hecessary to use a reference gas for calibration;\ie. air or nitrogen. In this case, it is pecessary to

calcylate the cp value of the process gas.

NOTH Each manufacturer of a CTMF product-is intended to be able to provide a list of gas convsg
or to make reference to an appropriate database:

The k-factor is defined as:

C
k= Dref

Cp'proc
The full-scale flowrate (FS)/of the process gas is given by:

9m,procFS = Am fefFs X k

brsion factors

(3)

4

wherte
k is the k-factor;
Cp,ref 1s the specific heaf, at constant pressure, of the reference gas;

Cp,proc is the specific heat, at constant pressure of the process gas;
qmref,fs is the mass flowrate, on a full-scale basis, of the reference gas;

dm,proc,Fs is the mass flowrate, of the process gas on a full-scale basis.

Using this relationship as well as the gas tables available for specific heat, the user and the manufacturer

can easily (re)calibrate the meter by using a “safe” gas.

© IS0 2019 - All rights reserved
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5.2 Typical design

As too much heatis transferred at higher flowrates, only very low flowrates can accurately be measured
using the basic CTMF meter design. Consequently, the CTMF meter type is often used in conjunction
with a laminar flow element, placed in the main conduit where it produces a small pressure drop. The
ends of the capillary tube are connected to the inlet and outlet of the laminar flow element so as to
create a small diverted flow through the capillary tube. This design ensures a fixed ratio of the total
gas flowrate through the capillary for measurement. The heater and temperature sensors are usually
placed on the capillary tube rather than the main conduit. However, other designs exist where the
sensors are located directly on the main conduit, i.e. without the capillary and the laminar flow element.

The CTMF n be
provided. This design of TMF meter is often combined with a flow controller downstream to the semsing
sensor so a§ to obtain a mass flow controller. Typically, the electronic interface is located\within the
same unit ag the bypass loop. Figure 2 shows a typical CTMF meter design.

Key
1 heater 4 laminar flow element
2 temperafure sensors a  Direction of flow.

3 bypasslgop/capillary tube

Figure 2 — Typical CTMF meter

5.3 Applications:and limitations of use

5.3.1 Gas|property effects

CTMF meters should only be used to measure dry and clean gases. Saturated vapours capable of
condensing should be avoided so as to prevent clogging or contaminating the flow sensor.

From Formulae (1) to (4), it can be seen that the calibration of the CTMF meter is dependent on the
properties of the gas. Therefore the CTMF is an inferential mass-flowrate meter. Although the CTMF
meter responds to changes in mass flowrate, calibration is dependent on the gas being measured as well
as the operating conditions. Variations in fluid properties, such as varying gas mixture composition,
process pressure and/or temperature, which affect the value of specific heat, will in turn affect the
performance of the CTMF meter. When this situation occurs, it may be necessary to compensate for
these variations.

8 © IS0 2019 - All rights reserved
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5.3.2 Application and fluid properties

In order to identify the optimum meter for a given application, it is important to establish the range of
conditions to which it will be subjected. These conditions should include:

the operating flowrates;

the range of pressures of the process;

the range of temperatures of the process.

5.3.3

Temperature changes affect the behaviour of the CTMF meter. Compensation forithis effe

incot
atze

Temperature effects are normally specified in percentage or degrees Celsius.

Furt
initia
furn

5.3.4

Pres
flow
calib,
cased

5.3.5

If thd
folloy

is required under these conditiens. The manufacturer's specification for flowrate output re

or dg

5.3.6

A log
loss
flow
than

rations under pre-defined pressure conditiohs so as to minimize this effect. Howey

Temperature effects

porated into the transmitter. Temperature variations may also induce an offset in the n
o flowrate. Therefore, the meter should be zeroed at the actual temperature of the pr

hermore, temperature changes may influence the specific heat yalue at which the CTM
lly calibrated. In these cases, this effect should be determided using values from kno
shed by the gas manufacturer after calibration.

Pressure effects

sure changes may affect the specific heat of the'gas and/or flow ratio between sensor
element. It may, therefore, alter the k-factor of‘the CTMF meter. Some manufacturers

, reference to known gas data furnished-by the gas manufacturer after calibration is r

Pulsation effects

flow is pulsating, care should be taken to ensure that the transmitter responds quick
v the pulsation. Some manufacturers offer adaptive output damping when a constant g

mping should be observed.

Pressure loss

s in pressuxé occurs as the fluid flows through the CTMF meter. The magnitude of t
is a fun€tion of the pressure difference across the laminar flow element with reg
rate. Mast manufacturers specify this effect and typically the amount of pressure loj

the properties of the metered gas, the type of gas or the composition of the gas mixture;

ct is usually
heter output
cess.

I meter was
wn gas data

and laminar
make meter
rer, in other
equired.

y enough to
utput signal
sponse and/

he pressure
pect to the
s is smaller

100.hPa (100 mbar) at full-scale flowrate. The value of the pressure loss should inclu

metg

r,fittings and inlet filter.

<|1e the CTMF

5.3.7 Cleanness of the gas

Solids settlement, coating, or trapped condensate can affect the meter performance. These conditions
should be avoided. The preferred cleanness specification of the manufacturer shall be followed. Most
manufacturers specify the allowed particle size or provide an inlet filter as standard to the CTMF meter.

5.3.8 Mounting orientation effects

Most manufacturers specify the effect for mounting orientations. For most instruments, this effect
is negligible. The preferred mounting position for high pressure applications, however, is horizontal,
because of possible zero-offset. In order to achieve the specified performance, the installation guidelines
from the manufacturer shall be followed.
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5.3.9 Installation effects for flow profile

The performance of a CTMF meter is not affected by fluid swirl and non-uniform velocity profiles
induced by upstream and downstream piping configurations. No special straight-piping lengths are
normally required but depend on the manufacturer. Nonetheless, good installation practices should be
observed at all times.

Filters, or other protective devices should be provided upstream of the meter to remove solids or liquid
droplets that can possibly cause measurement errors.

5.3.10 Vibrations — Hydraulic and mechanical

Vibrations in the process-line normally have no effect on the performance of the CTMF meter. However,
all vibrations should remain within the limits of common practice.

5.3.11 Valyes

Valves upstream and downstream of a CTMF meter, installed for the purpose of.isolating and zeroing
the meter, dan be of any type. However, they should provide tight shut-off te‘ensure that true|zero
flowrate can be achieved. Control valves in series with a CTMF meter shall.be thstalled close toggther
with the TMF meter so as to minimize dead volume.

5.4 Meter selection

5.4.1 Principal requirement

The princippl requirement of a metering system is that it shall measure gas mass flowrate with the
specified uncertainty. Consideration shall be given to thé,points given in 5.4.2 to 5.4.7 when chooging a
suitable meter.

5.4.2 Performance specifications

The following performance specifications shall be taken into account:

— uncertalinty:

— conmpliance of the actualdnstallation and operating conditions with the manufacturer’s data;
— calibration procedure,used and traceability of calibration equipment;
— repeatapility;

— rangealility;

— temperature ettect;
— pressure effect;

— mounting orientation effect.

5.4.3 Physical specifications
The following physical specifications shall be taken into account:

— space required (meter dimensions, upstream, downstream conduit diameters) for installation of
the flowmeter, including provision for in situ calibration if desired and possible;

— class and type of conduit connections;
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5.4.

The following meter ratings shall be taken into account:

5.4.3 Application and fluid properties

The

5.4.4 Corrosion

Corrpsion, including.galvanic corrosion, of the wetted materials can adversely affect the

and
the

compatible. All process-wetted materials shall be specified.

5.4.71 ~Transmitter specifications

ISO 14511:2019(E)

material compatibility including O-ring(s), (valve) seat material;
any non-destructive testing procedures;

hazardous area classification;

electrical connections;

climatic and environmental effects on the flowmeter;

any applicable national or international requirements.

Meter ratings

aximum allowable process pressure;
ressure drop at the maximum flowrate;
gdmbient and process gas temperature;

gutboard leak integrity rating.

following application and fluid properties shall be taken into account:

perating flowrates;
Iroperties of the metered gas, including gas\tfype or composition of gas mixture;
fange of operational pressures;
fange of operational temperatures;

feference process conditions. when normalized volume units of flowrate are use
normalized), [/min (normalized)].

hltimately shorten the operating life of the CTMF meter. Care should be taken wh
thaterials _of>construction to ensure that the process gas, including purge or cleanin

 [i.e. m3/h

erformance
en selecting
g fluids are

The following transmitter specifications shall be taken into account:

5.5

electrical, electronic, climatic and safety compatibility;

required output options.

Installation and commissioning

5.5.1 General considerations

In general, consideration should be given to the following points:

the process gas should be relatively clean and dry;

© IS0 2019 - All rights reserved
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— the space required for the TMF meter installation (including provisions for the TMF meter
verification by means of master-meter connections, should in situ calibration be required; see 8.4
for details);

— the class and type of pipe connections, materials and the dimensions of the equipment to be used;
— any hazardous area classification;

— any climatic and environmental effects on the sensor, e.g. temperature, humidity, corrosive
atmospheres, mechanical shock, vibration and electromagnetic field.

5.5.2 Safety
Consideratign should be given to the following points on safety:

— The op4gration of the meter shall be limited to process conditions which remain within the me¢ter's
specificptions.

— The meter shall comply with any necessary hazardous area classifications as.well as all applifable
nationa| or international requirements.

— Only appropriately qualified and trained personnel shall install, operateand/or maintain the njeter.

5.5.3 Mechanical stress
Consideratipn should be given to the following points on mechanieal stress:

— The meter should be selected to withstand temperature;pressure and conduit vibration and should
be pressure-tested with a suitable fluid in accordanceswith the appropriate standard.

— To ensufe leak-tightness in critical applications, all'meters should be tested, preferably with helium
gas under vacuum conditions to an appropriaté:standard.

5.5.4 Profess adjustment

5.5.4.1 General

If the actuall operating conditiong-are€ not in compliance with the calibrated configuration of the meter,
additional afjustment may be required.

5.5.4.2 Ze¢ro adjustment

Once the me¢ter instdllation is completed and checked for compliance with all manufacturer-spegified
recommendptions‘and statutory requirements, a zero adjustment procedure at the operating process
conditions may: be necessary with some process gases to compensate for the effects described
previously. [tis essential that this procedure be carried out at the actual process temperaturg and
pressure conditions. These conditions shall be stable and there shall be absolutely no gas flowrate.
Depending on the quality of the gas and/or the nature of the application, it may be desirable to repeat
this operation at regular intervals.

5.5.4.3 Span adjustment

CTMF meters are normally calibrated with respect to the actual process conditions, however if the
latter are different than the calibration conditions, or if the gas type or quality is different from that
specified for the calibration, a span adjustment may be required. This can only be carried out if the
installation provides the means of obtaining a reference flowrate value for comparison with the CTMF
meter reading (see Clause 8). It is essential that this procedure be carried out at the actual process
temperature and pressure conditions. These conditions and the actual flowrate shall be stable during
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any span adjustment procedure. Depending on the quality of the gas and/or the nature of the application,
it may be desirable to repeat this operation at regular intervals.

6 Insertion and/or in-line thermal mass flowmeter (ITMF meter)
6.1 Principle of measurement

6.1.1 General

A tyy ical ITME flowmeter consists of two temperature sensors (QPP Figure '%)

An amount of heating power P is applied to one of the sensors, causing its temperature|to rise to a
meagured value Tp. The other sensor measures the gas temperature T1.

The gas mass flowrate can be determined from the temperature difference between the h¢ated sensor
and the gas (AT = T2 - T1) and the amount of heating power P applied.

P

Figure 3 — Typical ITMF meter sensor configuration

The [relationship‘between the heating power P, the difference in temperature (AT) ard the mass
flowrate (qm)<can be expressed as follows:

P
-E:Kl +K2X(qm)K3 (5)

4

where

K1, K7, and K3 are design and calibration parameters;

AT is the temperature difference (= T — T1), expressed in Kelvins;
P is the input heating power, expressed in watts;
qm is the mass flowrate, expressed in kilograms per second.

This is known as King’s Law. K1 and K depend on the geometry of the sensing sensors and also on
specific gas properties such as thermal conductivity, viscosity and specific heat capacity. K3 is Reynolds-
number-dependent.
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The numerical value of these factors are meter and gas specific, therefore the ITMF meter has to be

calibrated for the gas desired for flow measurement.

In practice, there are two methods of measuring the gas mass flowrate using either a constant power or

constant differential temperature method.

6.1.2 Constant power method

This method keeps the electrical heating power (P) constant while measuring the differential

temperature (AT). The simplified formula is:

(6)

AT:K4 +K5 X(qm)né
where K4, K§ and Kg are design and calibration parameters.
Typically, temperature-dependent resistors measure both the gas temperature and the heated-s¢nsor
temperaturg. The difference between the two temperatures is a function of the mass flowrate (qn] (see
Figure 4).
1 3
P
Key

1 constant voltage supply
2 amplifier
3 mass flow determination

Figure 4 — Simplified sensor circuitry for the “constant power” ITMF meter

14
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6.1.3 Constant-temperature-differential method

The temperature differential (AT) is maintained constant while measuring the change in heating power
(P). The simplified formula is:

P=AT><[K7+K8><(qm)K9} 7

where K7, Kg and Kq are design and calibration parameters.

Both the heated sensor and the gas temperature sensor are typically!) temperature-dependent
resistors-A I'\r'l'ﬂgn circuitmaintainsthe heated sensor (7'2) at g rnncfnnf-fnmpnr:\hlrn differential from

the gas temperature sensor (T7) (see Figure 5).

P

Ry

Key
R1 ¥ Resistor"l
R, ¥ Resister 2
A Amplifier

Figure 5 — Simplified circuitry for “constant-temperature-differential” ITMF meter

1) Other configurations exist that utilize the thermal properties of silicon diodes, thermocouples, resistance
thermometer detectors (also called resistance temperature detectors) (RTD), etc.

© IS0 2019 - All rights reserved 15


https://standardsiso.com/api/?name=f04f86b5be370b1a3d889a85d945ea93

ISO 14511

:2019(E)

6.2 Typical design

6.2.1

ITMF basic design

An ITMF meter comprises three basic functional components: the meter body or probe, sensors and
electronics module. The arrangement of these components characterizes different common meter

designs.

The electronics module is considered as a secondary device and may be remote from the meter body.
The electronics module provides the power source for the sensors and the process electronics. The
ITMF meter output can usually be specified as a rate and/or total output in a range of units. Additional

outputs car
diagnostics

ITMF metei|
flanged, thrj
meters with
and protect
ANSI and DI

6.2.2 In-1
An integral
flowing gas
may includg
effects of flg

usually be provided, e.g. a flow computer which can provide other performancg
information.

s are available in different design formats generally described by their cendait fit
eaded, wafer or insertion type (see Figures 6 and 7). The first three types.are all iy
a flow of gas through the meter body. The body of an insertion-ITMF meter-simply con
5 the sensors. Standard ITMF meters are available in a wide range of conduit fitting
N flanges, sanitary couplings, and NPT thread.

ne ITMF meter

stream passes through the meter and over the sensots. Certain ITMF meters of this
straight lengths of conduit both upstream and dowsstream of the sensor to reduc
w disturbances. Figure 6 shows examples of typicalin-line ITMF meters.

C—

a) Flanged type

section of straight conduit with threaded or flanged end fittings contains the sensors|

and

ting:
-line

kains

, e.8.

The

type
e the

16

N
=N
>

b) Wafer type

Figure 6 — Typical flanged and wafer in-line ITMF-meter designs
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A wafer in-line ITMF meter should fit between two existing conduit flanges. The mounting length, or
meter body width, is generally standardized at 65 mm.

The sensor’s design depends on the manufacturer, although all incorporate at least a heat source and
two temperature sensors. The location of the sensors within the cross-section of the conduit is fixed.
Other components may be included for flow conditioning or physical protection.

6.2.3 Insertion-ITMF meter

For larger conduits, an insertion-ITMF meter is commonly used, although some designs can be used for
conduits as small as 50 mm diameter. The sensors are installed at the end of a probe which is inserted
into ffhe flowing gas stream. Total mass flowrate is determined from the measured p0||lr‘1t flowrate,
crosg-sectional area and compensation for the flow profile. Some degree of physical protection of
the gensors is usually included. Figure 7 depicts two typical insertion type ITMF meters,|each with a
diffefent mounting arrangement. Other types include compression fittings, packing gland, §anitary and
ultra high-purity fittings.

Flanged type
Figure 7 — Typical insertion-ITMF meter designs

The location of the sensors within the cross-section of the conduit is crucial for optimum performance
(see 6.5). If the sensors cannot be installed in accordance with manufacturer's recommendations,
then further adjustments are necessary. Certain insertion-TMF-meter designs permit sensor location
adjustment within the conduit so as to easily optimize installation.
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The installation of the insertion-ITMF meter into an existing conduit is made possible by means of an
adapter welded to the external surface of the conduit. (The weld quality is to be in compliance with
safety requirements.) The insertion-ITMF meter is to be installed in the conduit using this adapter. The
fitting connection of the adapter is to match that on the insertion probe.

6.2.4 Multi-point insertion-ITMF meter

A special version of the insertion-ITMF meter exists that consists of multiple sets of flowrate-measuring
sensors, each functioning in the same way as those of a single-point insertion sensor. Multiple sets of
sensors are arranged along the length of the insertion probe, allowing the flowrate to be measured
at several points across the conduit cross-section. The secondary device inputs the individual sensor
measuremehts and calculates the average gas mass flowrate in the conduit.

This multi-f files

created by y

oint measurement technique reduces the effect of error due to non-uniform flew pr
pstream flow disturbances.

This type o
sectional ar

[ device is generally used in conduit sizes greater than 600 mm and ducts with a c
pa of 0,4 m2 and larger.

r0Sss-

6.3 Applications and limitations of use

6.3.1 General remarks

This section

Formulae (5

gas, therefo

outlines those factors that have a direct influence on the performance of an ITMF mef]

) to (7) show that the calibration of the ITMF metér is dependent on the properties d
e the ITMF is an inferential mass-flowrate meter. Although the ITMF meter respon

changes in nass flowrate, it is necessary to calibrate it-with consideration to the type of gas an

actual opers
and clean g4
measuring j

6.3.2 Nor

The normal
measured 1
temperatury

EXAMPLE

ting conditions. All specifications of ITME tnheters are normally given with reference t
1ses. Therefore, any change in the gas properties after the initial calibration will affed
erformance.

malized volume flowrate units

ized volume flow output™[m3/h (normalized)] is numerically derived by dividing
hass flowrate value by the density of the gas at a specified reference pressure
e condition.

For air, the norfmalized density at 0 °C and 101,325 kPa equals 1,293 kg/m3, a mass flowr

12,93 kg/h equates to a normalized volume flowrate of 10 m3/h (normalized) (12,93/1,293).

If normaliZ
measureme

The refg

ed volumg flowrate units are used, consider the following two points to :
nt errors;

rence temperature and pressure conditions shall be the same as those used for calibrg

f the
ds to
 the
b dry
t the

r the
and

hte of

wvoid

tion.

conditions.

6.3.3 Fluid property effects

Changes in gas mixture composition affect the gas density atits reference pressure and temperature

Variations in fluid properties which affect the thermal conductivity, specific heat and viscosity directly
influence the performance of the TMF meter.

18
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6.3.4 Temperature effects
The ITMF meter can be affected by temperature effects in a variety of ways as follows.

— Dynamic: If the gas temperature changes faster than the quoted temperature response time of the
ITMF meter, then measuring errors will be introduced.

Steady-state: Changes in the gas properties caused by temperature changes may, depending on the
type of gas, introduce zero and calibration errors. These changes can be corrected by zeroing the
ITMF meter at the actual process temperature (for which this latter can normally be compensated
in transmitter settings).

— Ambient: Changesinthermallosses through the meter body caused by extreme ambientt
¢hanges can lead to metering errors. The ITMF meter should be installed so as te avq
to extreme effects and/or precautions taken, when necessary, to maintain d reaso

perating environment (e.g. thermal insulation of the meter and conduit).

emperature
id exposure
hably stable

6.3.3 Pressure effects

gas and the
d by zeroing
h this latter

Charlges in the gas properties caused by pressure changes may, deperding on the type off
magnitude of the change, introduce zero and calibration errors. The former can be correcte
the [[TMF meter at the zero flowrate condition and at the actual process pressure (for whig
can jormally be compensated in transmitter settings).

6.3.4 Fluid phase

ccurs in the
e,

The pperating process conditions should be controlléd to ensure that no phase change o
vicinfity of the sensors. Such changes can have a major effect on the ITMF meter performan

6.3.7 Bi-directional flow

ITMK
disti

meters are generally capable ofmeasuring flows in either direction. However, they cannot

hguish the actual direction of flaw,without the use of additional sensors.

6.3.8 Pulsation effects

Pulsating flow can cause-metering errors (typically the output is biased high), the extgnt of which
depejnds on the pulsation’magnitude and frequency. These effects can often be compensated by
adapfing transmittersettings.

6.3.9 Pressuredoss

Deps
pres
throt

nding-en the blockage effect of the measuring sensors across the conduit cross-sect
sure 1gss can occur. For most ITMF meter designs, this is equivalent to the pressure log
1ghya short length of undisturbed conduit. Such a loss is generally very small, in the or

onal area, a
s developed
der of only a

few hectopascals (a few millibars), iowever, it can be higher depending on the conduit 5iZe€, meter style
and process conditions.

6.3.10 Sensor contamination

Settlement of solids, coating or trapped condensate may affect the meter performance.

6.3.11 Mounting orientation effects

For most flowrates, the performance of an ITMF meter is not affected by the orientation of the
installation. Nonetheless, good installation practice and any specific manufacturer’s guidelines should
be followed.
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At low flowrates, depending on the meter design, orientation can become important due to natural
convective heat flows within the conduit. The manufacturer’s guidance should be sought if accurate
measurement at low and very low flows is required.

6.3.12 Installation effects

ITMF meters are affected by distortions to the flow profile and/or swirl in the gas stream. At all
times, good installation practice shall be followed to avoid metering errors. A specified, undisturbed,
constant-diameter-conduit length upstream and downstream of the flowmeter is always required.
The manufacturer normally specifies this length as a number of conduit diameters (D). This length is
dependent on the type of disturbance present upstream of the flowmeter (e.g. single or complex bend,

reducer, ex mum
recommend
light gases 4

EXAMPLE
90° bend may

Within this
be made.

The insf

The insf

The ins

into the
Wheney

If in doubt, ¢
Some ITMF-

6.3.13 Co
Conduit vi
conditions (

does not da
wall to prev

6.4 Mete

6.4.1 Gen

A seamless conduit should be used immediately upstream of theflowmeter.

:Iiuit vibrations

ander, valve, etc.). Any specified recommendations should be considered as a mini
ption, especially where a combination of upstream disturbances are present andyor
re concerned (e.g. hydrogen, helium).

For a 150 mm diameter conduit, a typical upstream, undisturbed conduit requirement for a
' be 20 D, thus equating to 3 000 mm.

specified undisturbed length of the installed conduit, the following considerations s}

alled conduit should have clean, welded connections (both conduit and flange).

alled conduit should be correctly aligned with conduit'flanges or process fittings.

alled conduit should have correctly fitted process'seals and/or gaskets that do not inf
flow area.

er possible, the control valves should be installed downstream of the flowmeter.

onsider the use of a flow-conditioning-device to minimize the effects from any disturb
meter designs optionally have integrated flow conditioners.

f use should be within the limits of common practice. Ensure that any vibration pr
mage the instrument. The insertion-ITMF meter should be rigidly attached to the co
ent resonance,

 selection

eral

ations normally have\no effect on the performance of the ITMF meter, however

very

ingle

jould

rude

ance.

the
psent
hduit

The principal requirement of the metering system is that it shall measure the gas mass flowrate with
the specified uncertainty. Consideration shall be given to the points given in 6.4.2 to 6.4.7 for choosing
the most suitable meter.

6.4.2 Performance specifications

The following performance specifications shall be taken into account:

uncerta

inty:

— compliance of the actual installation and operating conditions with the manufacturer’s data;
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— calibration procedure used and traceability of calibration equipment;
repeatability;

rangeability;

stability;

temperature effect;

pressure effect;

)i augca‘ui}ity,
furndown ratio;
gensor-response time;

pressure loss at the maximum flowrate.

6.4.3 Physical specifications

The

following physical specifications shall be taken into account:

installation of the flowmeter, including provision fox in situ calibration-checking
fetractor mechanism if desired and possible;

the class and type of conduit connections;
tthe compatibility of materials;

dny non-destructive testing procedures;
the hazardous area classification;

the climatic and environmental influences;

gny applicable national or'international requirements.

6.4.4 Meter ratings

The

6.4.
The

following metet yatings shall be taken into account:
tthe maximuiir allowable process pressure;

the ambient and process-gas temperature.

roperties

following application and fluid properties shall be taken into account:

the operating flowrates;

the space required (e.g. meter dimensions, upstreamy“downstream conduit diameters) for

calibration,

the properties of the metered gas, including the gas type or composition of the gas mixture;

the range of process pressure;

the range of process temperature;

the reference process conditions if normalized volume units of flowrate are to be used [m3/h

(normalized), l/min (normalized)].
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6.4.6 Corrosion

Corrosion, including galvanic corrosion of the wetted materials, can adversely affect the performance
and useful operating life of the ITMF meter. Care shall be taken when selecting the materials of
construction to ensure that the process gas, including purge or cleaning fluids are compatible. All
process-wetted materials shall be specified.

6.4.7 Transmitter specifications

The following transmitter specifications shall be taken into account:

electric

require

input pq

6.5 Insta

6.5.1 Gen

ITMF meter
all times, gq
given in 6.3
performanc

The ITM
ambient

The use

Considd

6.5.2 C(Cled

For certain
sensor in Sit|

sterilizd

chemicd

During the
cross-contaj

atetectromnic; chimaticand safety compatibitity;
 signal output options;

wer requirements.
llation and commissioning

eral considerations

5 are adversely affected by distortions to the flow profile and/or swirl in the gas strea

.12 should be followed (see Figure 8) to ensure goodhinstallation practice. For opti

e

[F meter should be installed where the process¢onditions (temperature and pressure
conditions are most stable.

of a flow-conditioning device should always be considered.

ration should be given to providing almeans of in situ calibration verification.

ining

1. Cleaning can be accormplished by:
tion (steam-in-plage; SIP);
] or biological‘cleaning (clean-in-place; CIP).

leaning process, the ITMF meter measurement is inoperative. Care should be taken to
minatiematter cleaning fluids have been used.

6.5.3 Safé

ty

od installation practice shall be followed to avoid metering errors. The recommenda

applications (e.g. hygienic services), provision should be made to clean the ITMF n

m. At
kions
mum

and

neter

hvoid

Consideration should be given to the following points on safety.

specific

ations.

national or international requirements.

The operation of the meter shall be limited to process conditions which remain within the meter's

Meters shall comply with any necessary hazardous area classifications as well as all applicable

The possibility of sensor damage by impact from solids in the gas stream, with a consequential

breakdown in the sensor sealing and release of gas, shall be considered. If appropriate to the
application, the primary device design should provide for a secondary gas-tight seal if a sensor or

seal fail

22

S.

Only appropriately qualified and trained personnel shall install, operate and/or maintain the meter.
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6.5.4 Mechanical stress

Consideration should be given to the following points on mechanical stress.

— The meter should be selected to withstand temperature, pressure and conduit vibration. Meters

should be pressure-tested with a suitable fluid in accordance with the appropriate standard.

— To ensure leak-tightness in critical applications, the meter should be tested with helium gas in

accordance with an appropriate standard.
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a) Flow body and conduit alignment (View down conduit length)
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d) Weld quality
Key
1  conduit diameter 6  conduit
2 in-line ITMF-body internal diameter 7  gasket and/or seal
3 conduit diameter 1 8 welded joint
4 conduit diameter 2 a  Flowing gas.
5 process fitting

Figure 8 — ITMF Installation: Good and bad practices
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6.5.5 Process conditions

6.5.5.1 General

If the operating conditions are not in compliance with the meter’s calibrated configuration, additional
adjustment may be required.

6.5.5.2 Zero adjustment

Once the meter’s installation has been completed and checked for compliance with all of the

manufactur

er's specified recommendations and statutory requirements, a zero adjustment proc

dure

for the oper
for the effec

It is essent
conditions.

Depending ¢n the gas or the nature of the application, it may be desirable to repeat this operati

regular inte

6.5.5.3 S{

ITMF meter|
latter are d
specified fo
installation

meter reading (see Clause 8). It is essential that this procédure be carried out at the actual pr

temperaturg
span adjust
to repeat th

7 Instru

7.1 User

For a manu

additional niinimum informatiemn given in Table 2 shall be supplied by the user.

7.2 Many

The informd
as well as ajf

hting process conditions may be necessary with certain process gases so as to compel
ts described in 6.3.

al that this procedure be carried out at the actual process temperature 'and preg

[hese conditions should be stable and there should be absolutely no gas flagwrate.

rvals.

an adjustment

s are normally calibrated with respect to the actual process conditions. However, i
fferent than the calibration conditions or if the gas type or quality is different from
I the calibration, a span adjustment may be required? This can only be carried out {
provides the means of obtaining a reference flowfate value for comparison with the

e and pressure conditions. These conditions and the actual flow should be stable durin

nent procedure. Depending on the gas or.th€ nature of the application, it may be desi
s operation at regular intervals.

ment specification sheet and marking

specification sheet

facturer to specify @ FMF meter’s suitability for an application, the requirements

facturer'sdata sheet

tion given/in Table 3 shall be provided by the manufacturer when specifying a TMF n
ly information for non-compliance with the user's specified requirements.

nsate

sure

on at

f the
that
f the
TMF
cess
g any
rable

and

neter

Table 2 — Informationto be specified by the user

Description Sample unit or information Form
Known gas data furnished by the gas manufacture (including Argon, Data
mixture and/or moisture information) +5 °C dewpoint
Minimum, nominal and maximum flowrates — Data

. . . . . . kg/s
Units of flowrate including reference conditions if normalized 3 .
volume units are required m?/s (normalized) Data
(0°C; 101,325 kPa)

Minimum, nominal and maximum process pressures Pa Data
Minimum, nominal and maximum process temperatures °CorK Data
Minimum, nominal and maximum ambient temperatures °CorK Data
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