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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
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Ultrasonic meters (USMs) for gas flow measurement have penetrated the market for meters rapidly since
2000 and have become one of the prime flowmeter concepts for operational use as well as custody transfer
and allocation measurement. Next to the high repeatability and high accuracy, ultrasonic technology has
inherent features like: negligible pressure loss; high rangeability; and the capability to handle pulsating flows.
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Is can deliver extended diagnostic information through which it may be possible to demq
tionality of an USM. Also, the measured speed of sound of the USM may be compared'with t
nd calculated from pressure, temperature, and gas composition, to check the mutual ¢onsisfency of the
instruments involved. Due to the extended diagnostic capabilities, this part of IS© 17089 ad
tion and use of automated diagnostics instead of labour-intensive quality checks!

part of ISO 17089 focuses on meters for custody transfer and allocation- measurement (|
s 2 meters). Meters for industrial gas applications, such as utilities and. process, as well as fl
measurement, will be the subject of part 2.

cal performance factors of the classification scheme are:

Typical applications Typical uncertainty
Custody transfer <0,7%
Allocation <1,5 %
Utilities and process

Flare gas and vent gas

cal configurations fori.class 3 and class 4 meters are single-path meters, meters with only|
s, insertion type meters, household type, stack or chimney type, and flare type meters.

Reference

This part of ISO
This part of ISO
ISO 170894
ISO 170894

nstrate the
he speed of

vocates the

class 1 and
hre gas and

17089
17089
22
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cal configurations for class 4.;and class 2 meters are multi-path meters with chords at different radial

diametrical
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Measurement of fluid flow in closed conduits — Ultrasonic

meters for gas —

Part 1:
Meters for custody transfer and allocation measurement

IMPORTANT — The electronic file of this document contains colours which .are"consid
useful for the correct understanding of the document. Users should therefore-consider p
document using a colour printer.

1 [Scope

Thig part of 1ISO 17089 specifies requirements and recommendations for ultrasonic gas flowmet
whig¢h utilize the transit time of acoustic signals to measure thesflow of single phase homogeno
closed conduits.

Thig part of ISO 17089 applies to transit time ultrasonic gas flowmeters used for custody t

lered to be
rinting this

ers (USMs),
IS gases in

ransfer and

allogation metering, such as full-bore, reduced-area; “high-pressure, and low-pressure meters or any

conlbination of these. There are no limits on the minimum or maximum sizes of the meter.
ISO|17089 can be applied to the measurement of almost any type of gas, such as air, natural gas,

Inclided are flow measurement performance requirements for meters of two accuracy classes
applications such as custody transfer and allocation measurement.

Thig part of ISO 17089 specifies -construction, performance, calibration, and output chara
ultrgsonic meters for gas flow measurement and deals with installation conditions.

[his part of
and ethane.

suitable for

cteristics of

NOTE It is possible that national or other regulations apply which can be more stringent than those in this part of

ISO[17089.

2 |[Normative references

The| following.referenced documents are indispensable for the application of this document
references;-only the edition cited applies. For undated references, the latest edition of the
docyument (including any amendments) applies.

For dated
referenced

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

ISO 5168, Measurement of fluid flow — Procedures for the evaluation of uncertainties

ISO 12213 (all parts), Natural gas — Calculation of compression factor

ISO/IEC 17025, General requirements for the competence of testing and calibration laboratories

© 1SO 2010 — All rights reserved
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3 Terms, definitions, and symbols

3.1

3.1.1 Gen

Terms and definitions

eral

For the purposes of this document, the terms and definitions given in ISO 4006 and the following apply.

3.1.2 Qua

ntities

3.1.21
volume flo
qy

q
qdy =]

where

vV ois

t

NOTE A
3.1.2.2

working ra
rangeabilit
set of valu
measuring

NOTE1 A

NOTE 2 A
rates whose
instrument” i

31.23
metering p

p
absolute gal

3.1.24

llv rate

v
¢

olume;

is fime.

dapted from ISO 80000-4:2006(83], 4-30.

hge
y
bs of quantities of the same kind that can-bg, measured by a given measuring instrumer

system with specified instrumental uncertainty, under defined conditions
dapted from ISO/IEC Guide 99:2007[33], 4.7,~working interval”.

or the purposes of this part of ISO 17089, the “set of values of quantities of the same kind” are volume
values are bounded by a maximum flow rate, gy, ,,,, and a minimum flow rate g;, ...; the “given meas
a meter.

ressure

5 pressure in admeter under flowing conditions to which the indicated volume of gas is related

average velocity

A%
volume flow

rate divided by the cross-sectional area

t or

flow
iring

3.1.3 Meter design

3.1.341

meter body
pressure-containing structure of the meter

3.1.3.2

acoustic path
path travelled by an acoustic wave between a pair of ultrasonic transducers

© 1SO 2010 — All rights reserved


https://standardsiso.com/api/?name=7fca6178a8dad6e089c6bde740586de7

ISO 17089-1:2010(E)

3.1.33

axial path

path travelled by an acoustic wave entirely in the direction of the main pipe axis
NOTE An axial path can be both on or parallel to the centre-line or long axis of the pipe.

See Figure 1.

% .
g\\

O
K
Figure 1 — Axial p@
A\
3.1.8.4 QO

diametrical path <
accoustic path whereby the acoustic wave travels throd& the centre-line or long axis of the pipe

N

Seel Figure 2. A’\Q

Figure 2 — Diametrical paths
3.1.3.5
chordal path
accoustic path whereby the acoustic wave travels parallel to the diametrical path

See Figure 3.

©1S0 2010 — Al rights reserved 3
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Figure 3 — Chordal paths

3.1.4 Thefmodynamic conditions

3.1.41
metering cpnditions
conditions, at the point of measurement, of the fluid whose volume is to be measured

NOTE 1 Netering conditions include gas composition, temperature, and pressure)
NOTE 2  Adapted from ISO 9951:1993[2], 3.1.6.

3.1.4.2
base conditions
conditions tp which the measured volume of the fluid is converted

NOTE 1 Base conditions include base temperature and hase pressure.
NOTE2  Adapted from ISO 9951:1993[2], 3.1.7.

3143
specified conditions
conditions qf the fluid at which performance specifications of the meter are given

NOTE Adapted from ISO 9951:1993[2], 3.1.8.

3.1.5 Statjistics

3.1.5.1
measurement error
error of measurement
error

measured uallt;ty vatbe-mings-a-reference quallt;ty vatue

[ISO/IEC Guide 99:2007331, 2.16]
EXAMPLE Measured quantity value of meter under test minus quantity value of reference meter.

3.1.5.2

error curve

interconnection of the curve (e.g. polynomial) fitted to a set of error data as a function of the flow rate of the
reference meter

4 © 1SO 2010 — All rights reserved


https://standardsiso.com/api/?name=7fca6178a8dad6e089c6bde740586de7

ISO 17089-1:2010(E)

3.1.5.3

maximum permissible error
extreme value of measurement error, with respect to a known reference quantity value, permitted by
specifications or regulations for a given operational range of the meter

NOTE Adapted from ISO/IEC Guide 99:2007133], 4.26.

3.1.54
maximum peak-to-peak error
maximum difference between any two error values

3.1.p5
repe¢atability
megsurement precision under a set of repeatability conditions of measurement

[ISQ/IEC Guide 99:2007[33], 2.21]

3.1.p.6

megsurement precision

closeness of agreement between output values of the test meter, obtained-by-replicate measuren
same meter under specified conditions

NO
3.1.

rep
mea

[1S¢G

3.1.

resolution

SM3

NOTE Adapted from ISO 11631:1998[3], 3.28.

3.1.
veld
inte
med

3.1.

zer¢ flow reading

datd
are

E Adapted from ISO/IEC Guide 99:2007[33], 2.15.
b.7

oducibility
surement precision under reproducibility conditions ofmeasurement

/IEC Guide 99:2007(33], 2.25]
5.8

llest difference between indications ofca'meter that can be meaningfully distinguished

5.9

city sampling interval

val between two consecutive gas velocity measurements, each being the set of true quantity
surand with a stated’probability, based on the information available

5.10

m measurement error where the gas is at rest, when both axial and non-axial velocity compg
zero

3.1.

5.11

linearization
way of reducing the non-linearity of the ultrasonic meter, generally by applying corrections in the software

ents on the

values of a

nent values

NOTE The linearization can be applied to meter electronics or in a flow computer connected to the USM. The
correction can be, for example, piece-wise linearization or polynomial linearization.

3.1.5.12

slope

gradient of a line joining data points

EXAMPLE

points in an error curve.

© 1SO 2010 — All rights reserved
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3.2 Symbols and subscripts

The symbols and subscripts used in this part of ISO 17089 are given in Tables 1 and 2. Examples of uses of
the volume flow rate symbol are given in Table 3.

Table 1 — Symbols

Quantity Symbol Dimensions? Sl unit
Cross-sectional area A L2 m?2
Speed of sound in fluid c LT-1 m/s
Outside pipg diameter D L m
Inside diamgter of the meter body d L m
Modulus of ¢lasticity; Young modulus E ML-1T-2 MPa
Weighting fqctor (live inputs) fi — 1
Integers (1, R, 3, ...) i,j,n — 1
Impulse factpr 1 L-3 m-3
Calibration factor K — 1
Body style factor K — 1
Body end cqrrection factor Ke — 1
Velocity distfibution correction factor kp, — 1
Flange stiffgning factor K; — 1
Minimum digtance to a specified upstream flow disturbance Inin L m
Noise amplijude L, — dB
Path length lp L m
Attenuation factor Ny — 1
Valve-weighting factor Ny — 1
Absolute prgssure P ML-1T-2 Pa
Pressure difference Ap ML-1T-2 Pa
Emitted acolistic pressure Pn ML-1T-2 Pa
Signal strength of the USM P ML-1T-2 Pa
Volume flow rate qy L3T-1 m3/s
Outside pipg radius R L m
Inside pipe fadius r L m
Reynolds nymber (related to d) Rey — 1
Absolute temperature of the gas T (C] K
Temperaturg difference AT (C] K
Transit time t T S
Average velpcity v LT-1 m/s
Velocity of tihe acoustie path i \Z LT-1 m/s
Weighting fgctor{(fixed value) wy — 1
Compressibl|lity Z — 1
Coefficient of thermal expansion o e-1 K-1
Error at a flow rate g, 4; — %
Pipe wall thickness ) L m
Dynamic viscosity n L-TMT-1 Pa-s
Wavelength of ultrasonic oscillation A L m
Poisson ratio U — 1
Density of fluid P ML-3 kg/ms3
Path angle [ — rad
Angular velocity 1) T-1 rad-s—1
8  M=mass; L =length; T =time; © = temperature.

6 © 1SO 2010 — All rights reserved
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Table 2 — Subscripts

Subscript Meaning
cal calibration
min minimum
max maximum
op operational
t transition

Table 3 — Examples of flow rate symbols

Symbol Meaning
9y hax, 20 Designed maximum flow rate, designed for maximum gas speed of 20 m/s
9y thax, x Designed maximum flow rate, designed for maximum gas speed of x m/s
qy, thax, op Operational maximum flow rate; defined only when smaller than designed maximum
9y hax, cal Highest flow rate calibrated; defined only when smaller than operatiorial maximum
9y hin Designed minimum flow rate
9y ¢ Transition flow rate for defining accuracy requirements

3.3| Abbreviations

CMC calibration and measurement capability
ES electronics system

FAT factory acceptance test

FC flow conditioner

FRNIM flow reference metermethod

FWME flow-weighted méan error

HDR historic difference footprint

HDH histofic difference histogram

M&R metering and regulating stations

MDF monthly difference footprint

MSOS measured speed of sound

S/IN signal-to-noise ratio

SOS speed of sound

TSOS theoretical speed of sound

USM ultrasonic flowmeter

USMP USM package, including meter tubes, flow computer, and thermowell

USM(P) USM and USMP

© 1SO 2010 — All rights reserved 7
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4 Principles of measurement

4.1 Basic formulae

USMs are based on the measurement of the propagation time of acoustic waves in a flowing medium.

Figure 4 shows the basic system setup. On both sides of the pipe, at positions A and B, are mounted
transducers capable of transmitting and receiving ultrasonic sound pulses. These transducers transmit sound
pulses within such a short interval that the speed of sound (SOS) is identical for both measurements and their
transit times are measured. With zero flow, the transit time from A to B, #5g, is equal to the transit time from B

to A, 1gp. Hpweverifthereis-flowthetransittime-ef-the-sound-puise-from-A-to-B-decreasesand-theone
B to A increfpses, according to (ignoring second order effects, such as path curvature):
tag = U
AB "1+ vecos o)
and
Igp = L
BA " lc—vcos ®)
where
lp is the path length;
¢ is the SOS;
v is the average velocity;
1) is the path angle;
g, 1] are transit times of the acoustic pulse.
Key
A, B positions

p

l path length

v average velocity
1) path angle

Figure 4 — Basic system setup

rom

(1)

()
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Equation (3) for the measured gas velocity can be derived by subtracting Equation (2) from Equation (1):

] 1 1
v ==t [———] 3)
2COS¢ 'AB BA

Note that the term for the SOS in the gas has been eliminated in Equation (3). This means that the
measurement of the gas velocity is independent of the properties of the gas, e.g. pressure, temperature, and
gas composition. However, if the transducers are recessed, there is an additional time delay component,
which is SOS dependent.

In a.similarway the SQS can be derived by adding Equations (1) and (2) and rearranging:
J 7 J ~ 1 N7 7 J ~

czi[L+LJ (4)

2 (tpg fBA

In multi-path meters, the individual path velocity measurements are combined by a:mathematical function to
yield an estimate of the average velocity:

v=f(v1 ...vn) (5)

where n is the total number of paths. Due to variations in path configuration and different| proprietary
appfoaches to solving Equation (5), even for a given number of paths; the exact form of f(v, ... v,)|can differ.

To ¢btain the volume flow rate, g5, multiply the estimate of theiaverage velocity, v, by the cross-sectional area
of the measurement section, 4, as follows:

qy =Av (6)

4.2| Factors affecting performance
The|performance of a USM is dependent onza number of intrinsic and extrinsic factors.
Intripsic factors (i.e. those related to the-meter and its calibration prior to delivery) include:

a) |the geometry of the meter®oedy and ultrasonic transducer locations and the uncertainty with which these
are known (including the(temperature and pressure coefficient);

b) [the accuracy andCquality of the transducers and electronic components used in the fransit time
measurement cirCuitry (e.g. the electronic clock stability);

c) [the techniqueS utilized for transit time detection and computation of average velocity (the latter of which
determines the sensitivity of the meter to variations in the flow velocity distribution;

d) |calibration (including proper compensation for signal delays in electronic components and transducers).

Extr neic factare 1 a thosa raelatad to tha flowand-environmeaental conditions-of tha annlication—inch e:
RS 6torS1-6—H0Se+FerateatoteHoWaha-e o RMeRtar-coRGHIORSORe|appHeaHoR1h6G .

1) the flow velocity profile;

2) the temperature distribution;

3) flow pulsations;

4) the noise, both acoustic and electromagnetic;
5) solid and liquid contamination;

6) the dimensional integrity over time.

© 1SO 2010 — All rights reserved 9
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4.3 Description of generic types

4.3.1 General

This generic description of USMs for gases recognizes the scope for variation within commercial designs

and

the potential for new developments. For the purpose of description, USMs are considered to consist of several

components, namely:

a) transducers;

b) a metet hnr{y with-acoustic pnfh r‘nnfignrnfinn;

c) electropics;

d) a data-processing and presentation unit.

4.3.2 Transducers

Transducerp can be supplied in various forms. Typically, they comprise a piezoelectric' element with elect
connectiong and a supporting mechanical structure with which the process\ connection is made.
transducerq for custody transfer and allocation measurement are installed in a,wetted (in direct contact
the fluid) mounting arrangement.

Typical arrgngements are shown in Figure 5. The process connections for wetted transducers may be wel
flanged, or threaded or may be more mechanically complex, e.g. to ‘allow the removal of transducers frg
pressurized|line. The active element is usually isolated from the fluid*by an acoustic coupling element. On¢
operation, the active element transmits ultrasonic waves at an angle to the meter body axis in the directig
a second transducer or reflection point in the meter body interior:

For specifiq applications, special transducers can be required. These can differ from the norm in term
frequency, |construction materials and mechanical<‘arrangement. Transducer specification and mour
should be gjven careful consideration for extreme or-difficult application conditions such as:

a) high and low temperature;

b) high arld low pressure;

c) high ggs velocities;

d) close proximity to high pressure drop throttle valve (potential of in-pipe ultrasonic noise);

e) rapid of cyclic temperature or pressure changes;

f)  corrosiye or erésive gas (sour gas);

ode
The
with

Hed,
m a
e in
n of

s of
ting

g) gas with‘traces of moisture or dirt.

10 © 1SO 2010 — All rights reserved
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Figure 5 — Typical tra@&cer arrangements

4.3.8 Meter body and acoustic path configug@ns

)
4.3.8.1 General b
3

USI‘rs are available in a variety of p@conflguratlons The numbers of measurement paths afe generally
chogen based on a requirement v@'respect to variations in velocity distribution and required accufacy.

As |well as variations in t';fdr@dlal position of the measurement paths in the cross-sectiop, the path

configuration can be varie ientation to the pipe axis. By utilizing reflection of the ultrasonic wave from the

intefior of the meter bo rom a fabricated reflector, the path can traverse the cross-section sevieral times.
N\

43.8.2 Basic é@stic paths types

The|most co n acoustic path types are illustrated in Figure 6.

OO0

Figure 6 — Basic acoustic path types for multi-path meters

©1S0 2010 — Al rights reserved 1
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Velocity measurements made on a diametric path are more susceptible to changes in flow profile than off-
centre paths such as the mid-radius path. Double traverses in a single plane are much less sensitive to non-
axial velocity components than single traverse paths. Other configurations such as the triple traverse mid-
radius path may be sensitive to non-axial components, but can be used in combination to eliminate or reduce
the effects of swirl and cross-flow. Direct paths can be single, double or crossed.

4.3.3.3 Commonly used multi-path cross-sectional configurations

The cross-sectional configuration dictates what information about the axial velocity distribution is available for
the computation of the average axial velocity. Selections of commonly encountered cross-sectional

configurations are shown in Figure 7
a) b) c) d)
Figure 7 — Some typical cross-sectional acoustic'path configurations
4.3.3.4 Meters with paths of equal radial displacement

Meters with
respect to v
cases, the 3
correction f|
applies only

paths of equal radial displacement [e.g. Figure 7 b)] essentially make the same measurement
elocity distribution if the flow is axisymmetric, regardless of the number of paths employed. In §
verage velocity, v, is determined hy a simple arithmetic mean. In fully developed flow, a theorg
hctor, &, can be introduced to account for the known variation in velocity profile. This, howg
to fully developed flow, not to-disturbed flows.
n

D

N

with
uch
tical
ver,

v=rkn . (7)
where

n is the totakFnumber of paths;

v, s theflow velositymeasured-onpath+

The k, factor is a function of the Reynolds number, pipe roughness, and radial displacement. In practice, it
can be input as a single constant or may be calculated on the basis of static parameters or measured

variables.

4.3.3.5

Meters with paths at off-diameter positions

In the case of these meters [e.g. Figure 7 a), c), d)], the velocity is measured at different radial positions.
Several methods can be used when combining the velocities to obtain the average pipe velocity. These can
be classified as follows.

12
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Summation with constant weighting:
n
v=2 Wy (8)

where the radial displacements of the paths and the constants, w; to w,, are determined on the basis of
documented numerical integration methods.

Or summation with variable weighting:

V= Zfi"i 9

i=1

where the radial displacements of the paths are fixed at design and the variables, fici0%f,, may be|determined
from input parameters or measured variables (e.g. velocities).

In any of the given configurations, a multiplying or calibration factor, K (eithien constant or variabjle), may be
applied after summation to correct for deviations due to manufacturing tolerances and |incomplete
asstimptions, i.e.

gy =K Av (10)

Thejrules and tolerances for implementing corrections and lingarization by calibration factor K are|given in 5.8
and|6.3.3.

4.4| Contributions to the uncertainty in measurement

Theltotal volume flow, gy, measured by a USMean be calculated using Equation (11):

c l; 1 1
qV—AK;f,-ZCC;wi[ - } (11)

tAB,i IBA,i

Considering this equation, the total uncertainty depends upon the individual uncertainties of all factors
invglved. Four sources can be distinguished:

a) |the uncertainty in-the calibration factor, K;
b) [the uncertainties in the measurements of the transducers and in the geometry of the meter body;
c) [the uncertainty in the live input weighting factor or flow profile correction factor, f;

d) |th@uncertainty in the transit time and transit time difference measurement.

After calibration and adjustment, the errors in indicated flow rate, ¢, caused by ¢, I, ¢, 4, and f are
compensated for by multiplying the right-hand side by a calibration factor, K. The only remaining uncertainty at
the calibration site is that of the calibration factor, K. Transferring the meter to the field, there is an additional
uncertainty due to the specific operating conditions and installation conditions in the field, which differ from
those at the calibration site.

4.5 USM classification

To aid the user in making a meter selection based on the overall uncertainty required for the measurement, a
USM can be classified. This process involves dividing the meters available into classes of performance as
outlined in Table 4. Other classes deal with other measurement applications.

© 1SO 2010 — All rights reserved 13
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Table 4 — USM classification

Class Typical applications Typical uncertainty 95 % confidence level (volume flow rate)?
1 Custody transfer Within £0,7 % for gy > qy ¢
2 Allocation Within +1,5 % for g > gy ¢

a8  Meter performance, inclusive of total meter uncertainty, repeatability, resolution, and maximum peak-to-peak error, depends upon a

number of factors which include pipe inside diameter, acoustic path length, number of acoustic paths, gas composition and associated
SOS, and meter timing repeatability.

The two classes represent different measurement specifications commonly applied in industry. Depending on

the importapce of measurement with respect to regulatory or custody transfer demands, the total uncertginty
budget for the system differs.
4.6 Reynolds number
The flow profile is a function of the Reynolds number, for changes in which, most USMs correct. The Reynplds
number is ¢alculated from the known inside diameter of the body, d, the measured average velocity, |v, a
preset valug of the actual density, p, and the dynamic viscosity, 7.

Re=Y4P (12)

n

During calipration, as well as during operation, the actual values for the density and the dynamic viscosity
should be entered in the USM computer. See also 5.8.3.
For values [over 50 000, the impact of fluctuations in the;;Reynolds number is not large and ranges from

approximately 1 % per decade for the path through the.centre of the pipe to less than 0,3 % per decadg¢ for

the half-rad
for a chang

4.7 Tem

4.71

us path. For most ultrasonic multi-path meters, the impact on the measurement is less than 0
b of a factor of 2 in the Reynolds number (1o be confirmed by the manufacturer).

perature and pressure correction

Introduction

During dyn

mic (wet) calibration\all of the systematic errors are brought down to zero by determining

1%

and

then applying the meter flow.calibration factor. From that moment onwards, the pressure and tempergture

reference donditions of the~meter are those encountered during the dynamic calibration. Any subseqpent
change in femperature or._pressure alters the physical dimensions of the meter and, if not corrected| for,
introduces @ systemati¢ flow measurement error. In general, the pressure and temperature during calibration
differ from those encountered under operating conditions.

In 4.7.2 to 4.7.5;,.a simple approach is given to allow an initial estimate to be made of the flow error causefl by
temperaturg_and pressure conditions that differ from the calibration reference condition. If this errgr is

significant relative to the uncertainty required for custody transfer or allocation purposes, a more detailed
assessment of flow error has to be performed as described in 4.7.6. Annex E provides an extensive and
detailed explanation of the process which readers are advised to consult for the background to many of the
statements made in 4.7.2 t0 4.7.6.

4.7.2 Correction for the temperature

For all meter types, the geometry-related temperature correction can be given as a straightforward analytical
solution (see E.2). In consequence, the correction has a very high precision and the only uncertainties related
to this correction are the uncertainties related to the material constants.
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The flow correction factor due to a body temperature change, AT, is given by:

qy .1

=m+aATf=4}+3aAT+3@uuj?4aATﬁ}
qy,0

where

qy 1 is the volume flow rate under operating conditions;

¢4 o is the volume flow rate under the conditions at which the meter was calibrated:

AT  isT{-T,
in which
T, is the temperature under operating conditions,

Ty is the temperature under the conditions at which the meter was ealibrated.

Other than in extreme situations, AT is generally very small and Equation (13) can be simplified tQ:

[q”1] —1+3aAT
qv,0 b T

Or glternatively, expressed as a flow error:

A
(—qVJ =3aAT
qv b, T

Table 5 gives typical coefficients of thermal expansion for common body materials.

Table 5 — Common.coefficients of thermal expansion in the 0 °C to 100 °C range

Thermal expansion coefficient
Material o
K-1
Carbon steel 12x10-6
Stainless steel AISI 304 17 x 10-6
Stainless steel AISI 316 16 x 10-6
High elastic-limit stainless steel AISI 420 10 x 10-6

(13)

(14)

(15)

The thermal expansion coefficients for a given material vary with temperature and the treatment process of
the steel. The values given in Table 5 and used in the example in Figure 8 are for illustrative purposes only. It
is consequently recommended that, for more precise calculations, the coefficient of thermal expansion data be

obtained from the material manufacturer.

A graphical presentation of Equation (15) is shown in Figure 8 for two materials from Table 5.

© 1SO 2010 — All rights reserved

15


https://standardsiso.com/api/?name=7fca6178a8dad6e089c6bde740586de7

ISO 17089-1:2010(E)

(Aqviq )% |

>

0,2

0,15

U, T F

0,05} -

! ! =

Key

Aqylqy  flgw measurement error

AT temperature difference
adstenitic stainless steel

2 fefritic stainless steel

3 example

Figure 8 — Temperature related flow error for two example material types

40 50 AT/°C

Figure 8 cap be used to quickly estimate the percentage correction required for a given temperature chapge.
The example point for a +23 °C temperature change with an austenitic stainless steel body shows a +0,d47 %
correction (J.e. the meter would underestimate the flow by 0,07 % without the correction). If AT is negative,

Aqylq, is nggative (i.e. the meter will overestimate the flow).

4.7.3 Pressure correction

4.7.31 eneral

The geometry-related pressure correction is complex and depends on the design of the meter body, its|end
connectiong and\the way the meter ends are supported in operation. Looking at the market, the various njeter

des|gns offéered-canbe grnllpnd into three bhroad nnfngnrlnc:

a) welded-in cylindrical body designs;

b) meter bodies consisting of a pipe with welded-on flanges;

c) non cylindrical meter body designs, for example those based on casting.

In 4.7.3.2 t0 4.7.3.4, a means of making an initial estimate of the flow error for any body type is provided.

16
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4.7.3.2 General simplified expression for any body type
As a first stage in estimating the pressure effects, a general basic expression can be derived assuming the

meter body consists simply of a cylindrical pipe. An estimate of the maximum expected flow error due to a
body pressure change, Ap, is (as described in E.5) given by:

2, 2
[A‘]_V] =4£=4[R tr +ﬂ]A_p (16)
b, p,max

dy r R% ;2 E

If the meter body is irregular or non-cylindrical (e.g. as might be the case for a cast body), then, for the
purposes of this initial estimate, the outside radius value, R, should be taken as the point wherg the wall is
thinpest since this gives the largest estimate of flow error.

Equgtion (16) can be presented in graphical form as shown in Figure 9 for a range of values of|d/r, i.e. the
ratiqg of wall thickness to internal radius.

(Aq viq y)I%A
0,24 +
0,22
0,2 | %
0,18
0,16
0,14
0,12
6
0,1
0,08
0,06
0,04
0,02
O 1 1 :
18 20 Ap/MPa
Key
'
1 D,050 Ap pressure difference
2 pP,100 Aqylqy  flow measurement error
3 pP,150 r inside pipe radius
4 pP200 ) pipe wall thickness
5 0,250
6 0,300

Figure 9 — Maximum expected pressure-related flow error for different 6/r ratios

Figure 9 provides a rapid means of estimating the maximum expected flow error due to body pressure
changes. The figure is plotted for a body material with a Young modulus of 2 x 10'! Pa and a Poisson ratio of
0,3. The example of Ap = 6,3 MPa shows the maximum expected pressure-induced error to be 0,06 % for a
olr=0,25. If Ap is negative, Aq,/q, is negative (i.e. the meter will overestimate the flow).

Since Equation (16) and Figure 9 provide a maximum expected error, the reader can, if desired, go straight to

4.7.5 (taking Kg = K = 1) to assess the significance of the error without the need of the refinement in the initial
estimate provided in 4.7.3.3 and 4.7.3.4 since these result in a lower value for the flow error.
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4.7.3.3 Refinement in initial estimate to account for different meter body designs

Flanged ends or irregular shape to the body stiffen the body compared to the simple cylindrical pipe approach
used in 4.7.3.2. Consequently, the body expansion and resulting flow error is less than that given by
Equation (16) and Figure 9. To compensate for this local stiffening effect, a body style correction factor, K, is
used to give a revised estimate of the flow error:

A A
[ ay _ Ks[ ay ] (17)
v Jy, p,revt v Jb, p max

K, is alwaysless-than-or-equatied—The-value-of-kto-be-usedfora-given-body type-is-asfollows:

a) for a welded-in body with no flanges within 2R, where R is the outside pipe radius, of the wltraspnic
transdycer locations, K = 1, i.e. the meter body behaves as a simple pipe;

b) for a flanged meter body (e.g. consisting of two flanges welded to a pipe) or welded-inydesign where
neighbpuring flanges are within 2R of the transducer positions, the value of K has te(be calculated as
described in E.2.3;

c) for irrepularly shaped meter bodies, for example cast bodies, K is obtained as follows based on an
averagg flow error:

1) Equation (16), or Figure 9, are used to obtain a second flow error,'y, but this time based on| the
thickest wall section,

2) Kg|is then calculated as, K = 0,5 x (1 + y/x) where x is the initial estimate based on the thinnest|wall
seftion.

4.7.3.4 Refinement in initial estimate for effects of end l6ading and end support or constraint

Equation (1p) and Figure 9 are based on the worst-case conditions for radial body expansion (no end lgads
and free ends). The effect of the best-case conditions~(pressure end loads and free ends) for minimal radial
body expanion can be taken into account by introducing an end correction factor, K, given in Figure 10 {or a
Poisson ratjo of 0,3.

Ki A
09|
0,8
0,8
0,8

0,8

0,85 |-

0,84 | | | | >
0 0,05 0,1 0,15 0,2 0,25 0,3 olr

Key
Kg end correction factor
r  inside pipe radius
o pipe wall thickness
Kg =-0,122 9(8/r)2 + 0,191 3(5/r) + 0,850 1

Figure 10 — End loading and support correction factor, K
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The end correction factor is derived simply from the ratio of Equations (E.12) and (E.14). In the example in
Figure 10, K¢ = 0,89 for é/r = 0,25. Note that the smallest value Kg can have is 0,85.

The flow error Agy/q,, then becomes:

Agy Agy
[— = Kg Ko| 2L (18)
W Jv, p v Jb, p, max
Note, Equation (18) gives an estimate of the expected minimum flow error. It can therefore be used in
compimationwith-the—maximum—flow—error (lc with I\E —I\S = 1) toprovide—aninitiat-estimate of-the range or

tolerance in expected flow error.

4.7.4 Effects of transducer ports
The| combined impact of the transducer and the transducer port are normally an etder of magnitude smaller
tharn the effect on the meter body and can be neglected for most cases. However, for reference| in E.2.5, a

simple calculation method is provided that includes an estimate of port effects. In these equations, the
tranpducer material coefficients have to be known (obtainable from the manufacturer).

4.7.56 Total metering error

The]initial estimate of the combined flow error, (Aq;/ gy) s, du€ to a temperature and a pressurg difference
is given by:

A A A
( qV] — [ qV] + KE Ks { qu (19)
v Je, est W Jo, 1 v Jb, pimax

If the flow error is deemed not significant, thenit can be dismissed.

If, However, the flow error is deemed:significant and hence requires correction, the detailed| calculation
desgribed in 4.7.6 needs to be performied‘to obtain a more precise flow correction factor.

NOTE If calculations in 4.7.3.3.and"4.7.3.4 were omitted in the estimate for pressure effect, a repeat esfimate can be
performed using those sections.to/provide a lowered estimate before reassessing the need for the mpore detailed
calcylation.

4.7.6 Detailed calculation procedure

Annex E describes-the detailed calculation, and includes the pressure and temperature effé¢cts on the
tranpducer ports(as well as on the meter body, effects of body style, and end loading.

The|ratio between ¢,  at a reference calibration condition and ¢, 4 at different conditions can be written (see
E.1) as a-flow correction factor, g, /gy, o, given by:

2 2
q d /
qy,0 \do) o) \ 1
The detailed calculation contains estimates of extremes and allows the flow error to be described in either of
the following equivalent forms:

qy, 11qy, o = X XXXX £ X,XXXX (21

Agylqy = (XXX £ X,xX) % (22)
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Stating the final flow correction factor, ¢ 4/q;, o, to four decimal places and the flow error, Ag,/q), to two
decimal places is representative of the general level of accuracy of the calculation method. Since there is
always some uncertainty as to the actual end-loading conditions on the meter, the flow estimates are never
more precise than the tolerance magnitudes given in Equations (21) and (22).

For meter bodies that are generally cylindrical in shape and either welded in or have attached flanges,
Annex E provides a simple procedure based on direct calculation from the physical characteristics of the
meter. Annex E provides a worked example of such a direct calculation.

Where the meter body is such that the body shape is not a simple cylinder, flanges take up a significant
proportion of the total body length or ports are not simple tubes, a finite element (FE) model provides a more

accurate es
than that gi
to predict th

Regardless
recommend
relevant, ca
confidence
changes in

5 Meter

5.1 Oper

5.1.1

The maxim
for which th
flow rate, in
for.

The flow range for bidirectional applications is:=¢; max <4y <=4y, min @4 qy, min <9y < 9y, max

5.1.2 Pregsure

Ultrasonic t

the sound pulses to and from-the gas. Therefore, the expected minimum operating pressure as well as

maximum o

5.1.3 Teni

Flow rates and gas velocities

timate of the body and port dimensions, and consequent flow error obtained from Equation
en by the direct calculations of E.2.2 to E.2.5. E.3 provides guidance on the use of FE mode
e temperature and pressure expansion effects.

of the complexity of the meter, an FE model of the body and ports canCbe used.
ed that Equations (E.12) to (E.15), including any body style correction effects (E.2.3) w
n be used as a means of checking the predicted dimensions from the FE model to provide ag

n the FE model. Equation (20) is still used to predict the flow error along-each path based or
bhysical dimensions between conditions.

characteristics

ating conditions

im flow rate and the minimum flow rate shall béZspecified by the manufacturer for the gas deng
e meter operates within the specifications of the meter performance defined in 5.8. The maxir]
cubic metres per hour, of the meter depends on the maximum gas velocity the meter is desig

ansducers used in USMs require a minimum gas pressure (density) to ensure acoustic couplir

perating pressure) shall be specified.

perature

The manuf

(20)
lling

tis
here
ded

the

ities
hum
ned

g of
the

ctufer or supplier shall specify the operating and ambient temperature ranges for the equipr

hent

being offergd;-inclusive of meter body, field-mounted electronics, and its associated peripherals and cabling

as well as u

514 Gas

[trasonic transducers.

quality

The meter shall operate within the relevant accuracy limits for all gases for which the meter is intended to be

used.

The presence of some components in the gas can impact on the performance of a meter. In particular, high
levels of carbon dioxide and hydrogen in a gas mixture can influence and even inhibit the operation of a USM
owing to their acoustic absorption properties.

20
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The manufacturer should be consulted if any of the following are expected:

a) when the acoustic-wave-attenuating carbon dioxide levels are above 3 % volume fraction or the
occurrence of carbon dioxide in large meters (>12");

b) when the operation is near the critical density of the natural gas mixture;

c) when the total sulfur level, from materials such as hydrogen sulfide, mercaptans (thiols), and elemental
sulfur, exceeds 320 umol/mol;

d) salt deposits.

Ded?sits which may be present in a process (e.g. condensates, glycol, amines, inhibitors, waten|or traces of
i

oil

xed with mill scale, dirt or sand) may affect the accuracy of the meter by reducing its cross-se

ctional area,

by rneducing the effective acoustic path length and by obstructing the emitted and received, ultragonic sound
waves.

5.2| Meter body, materials, and construction

5.2.1 Materials

The| meter body and the internal mechanism shall be manufactured_from materials suited to |the service

con
be

cha
acc

5.2.

The|
of s

5.2.

The
600

5.2.4 Dimensions

The
insig
thar
sho
med

Jitions and resistant to attack by the fluid which the meter is to-handle. Exterior surfaces of the
brotected as necessary against corrosion. Internal surfaces“of the meter shall be design
nges to the internal cross-sectional area and the wall roughness to the extent required sg
Iracy is not endangered.

P Meter body
meter body and all other parts comprising the\fluid-containing structure of the meter shall be
bund materials and designed to handle the(pressures and temperatures for which they are rate

B Connections

inlet and outlet connections_of the meter shall conform to recognized standards, e.g. ANSI
900, etc.), DIN, and JIS.

flanges of the USM shall both have the same inside diameter to within 1 % of each other. A |
e diameter equal to the flange diameter shall be indicated as “full bore”. A USM of inside diam
the flange\diameter shall be indicated as “reduced bore”. Any measurement of the bore g
ild be within'0,5 % of the average over the length of the meter or, in the case of reduced bore
surement zone.

meter shall
pd to resist
that meter

constructed
of

(class 300,

SM with an
eter smaller
f the meter
meters, the

5.2,

b _-Ultrasonic transducer ports

Since the measured gas may contain some impurities (e.g. light oils or condensates), transducer ports shall
be designed to reduce the possibility of liquids or solids accumulating in the transducer ports. The USM
transducer ports may also be equipped with devices to allow safe draining of any accumulated fluids (e.g.
double block and bleed).

The USM may be equipped with valves or necessary additional devices, mounted on the transducer ports, in
order to make it possible to replace the ultrasonic transducers without depressurizing the meter run. In that
case, a bleed valve shall be required in addition to the isolation valve to ensure that no excess pressure exists
behind a transducer before releasing the extraction mechanism.

Note the conditions for exchange of components (5.6).
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5.2.6 Pressure tappings

At least one metering-pressure tapping, drilled perpendicular in the top + 85°, shall be provided on the meter
or on the piping adjacent to the meter to enable direct measurement of the static pressure under metering
conditions. For a reduced bore meter, the tapping shall be in the reduced bore section. The connection of this
pressure tapping shall be marked “pm”. If more than one pm tapping is provided, the difference in pressure

readings sh

all not exceed 100 Pa at maximum flow rate with an air density of 1,2 kg/m3.

A meter may be equipped with other pressure tappings in addition to the pm tapping. These may serve to
determine the pressure drop over a part of the meter or for other purposes. The other pressure tapping shall

be marked

p.

The centre{line of the tapping shall meet the pipe centre-line and be at an angle of 90° to it. At the poi||\t of
breakthrough, the hole shall be circular. The edges shall be flush with the internal surface of the pipe-wall
as sharp ap possible. To ensure the elimination of all burrs or wire edges at the inner edge, roundir

permitted,
one-tenth

ut shall be kept as small as possible and, where it can be measured, its radius shall be less
the pressure tapping diameter. No irregularity shall appear inside the connecting hole, on

edges of the hole drilled in the pipe wall, or on the pipe wall close to the pressure tapping:“Conformity of
pressure tapings with the requirements specified may be judged by visual inspection.*The diameter of
pressure tapping shall have a minimum bore diameter of 3 mm and a maximum boere.of 12 mm. The pres

tapping sh
tapping hol
located in a

The installa

5.2.7 Ant

The meter
slope of up
the USM is

The meter 4
the anti-roll
shall be pro

Il be circular and cylindrical over a length of at least 2,54,, where d,‘is-the inside diameter o
b, measured from the inner wall of the pipeline. The centre-line of\the pressure tapping ma

o

hy axial plane of the pipeline.

ion of a pressure tapping in close proximity to a transducer. port should be avoided.

-roll provision

shall be designed so that the meter body does-not roll when resting on a smooth surface w
to 10 %. This is to prevent damage to the protriiding transducers and electronic system (ES) w
temporarily set on the ground during installation or maintenance work.

hall be designed to permit easy and safe handling during transportation and installation; howe
provision alone is not sufficient ddring transportation. Hoisting eyes or clearance for lifting st
vided.

5.2.8 Flow conditioner

A flow con
irremovablyj
ISO 17089,

A flow cong
meter tube,
USMP.

ditioner (a device_intended to improve both the stability and the shape of the flow prg
attached to the”_meter is regarded as part of the equipment. For purposes of this pa
the combinatiof of flow conditioner and meter is regarded as the USM.

itioner, not\attached to the meter but intended to be connected permanently to it, plus the lin
forms<asUSM package (USMP). In a bidirectional setup, a thermowell may also be part of

and
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5.2.9 Markings

Nameplates shall include the following:

a)
b)

c)

22

manufacturer, model number, serial number, and month and year of manufacture;
meter size, flange class, and total mass;

meter body design code and material, flange design code and material;

tion
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d) maximum and minimum operating pressure, and operating temperature range;
e) maximum and minimum actual volume flow rate per hour;

f)  direction of positive or forward flow;

g) orientation of the meter (“this side up”);

Nameplates may include the following:

h) purchase order number or shop order number;

i) |legal metrology approval identification.
Each transducer port shall be permanently marked with a unique designation for easy reference.

If markings are stamped on the meter body, low stress stamps may be used which(preduce a rourjded-bottom
impfession.

5.2.10 Corrosion protection

Immediately after production, the inner surface of the meter, spool pieces, and flow conditioner$ should be
protected from corrosion.

5.3| Transducers

5.3.1 Specification

Thelacoustic frequency (range) shall be specified.

5.3.2 Rate of pressure change

Rapid depressurization of a USM may_cause damage to the transducer or change the charactetjstics of the
meter. Meter users should therefore ensure that the transducers are depressurized as slowly as ppssible and,
in tHe absence of information from:the manufacturer, a rate of no greater than 0,5 MPa/min is recojnmended.

5.3.8 Transducer characterization

If the flowmeter electronics system (ES) requires specific transducer characterization parameters,
documentation of all parameters which are unique to each transducer, or transducer pair, shall be provided.

5.3.4 Pathconfiguration

In a|multi-path arrangement, the number of chords, their positioning and the integration technique tised affects
the measurement uncertainty as well as its sensitivity to changes in the flow profile. The number of transducer
pairs, the number of reflections per path and the attachment method into the conduit (protruding, retracted
flush or wall-mounted) shall be specified.

5.3.5 Marking
Each transducer shall be permanently marked with a unique serial number.
5.3.6 Cable

If the USM is sensitive to the characteristics of the individual transducer cable, then the cable shall be treated
as an integral part of the meter and it shall be marked with a warning indicating the characteristic not to be
changed, e.g. length.
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5.4 Electronics

5.41 Gen

eral requirements

The ES of a USM usually includes power supply, microcomputer, signal processing components, and
ultrasonic transducer excitation circuits.

It shall be verified that the ES operates over its specified range of environmental conditions without a
significant change in meter performance. The ES operating the transducers shall be capable of withstanding
electromagnetic discharge as specified in 6.4.2. Intrinsically safe designs and explosion-proof enclosure
designs shall comply with national requirements.

The ES sh

Il contain a self-monitoring function to ensure automatic restart in the event of a program lock=

5.4.2 Power supply

The manufacturer shall specify the necessary power supply, the tolerance on the voltage ‘variation, and

power cons

Lmption. The reaction of the USM to power interruptions and voltage drops shall be specified.

5.4.3 Pulge detection method

The pulse
detection of
switching”,

jetection method shall be designed to ensure reliable time measurement; this implies accu
start and stop triggers, use of a precision clock, and resistance to systematic errors like “p
ptC.

5.4.4 Sampling or pulsating flow

The meter
rate. The m

bhall cope with non-steady flow. For that purpose, acoustic pulses may be fired at a non-cong
anufacturer shall specify the maximum flow fludtuation frequency.

5.4.5 Signal-to-noise ratio

The USM s
signal is los

5.4.6 Pro

The proces
be capable

nall indicate the S/N ratio per transducer or per acoustic path. An alarm shall be triggered wher
t. An alarm may also be given at1ow performance.

tessing of data

5ing section shall, infaddition to determining the volume flow rate from the measured transit tif
of rejecting invalid,measurements. The indicated volume flow rate may be the result of on

more individlual velocity determinations. The percentage of valid measurements to performed measurem

may be indi

5.4.7 Out

The meter 9

cated for everyacoustic path by the USM.

but

halh be equipped with at least one of the following outputs:

p.

the

rate
bak-

tant

the

hes,
e or
ents

a) seriald

ata interface; e.g. RS-232, RS-485, or fieldbus;

b) frequency representing non-linearized flow rate.

The time-integrated values of these outputs shall match better than 0,02 % in every arbitrary interval of 100 s
under flowing conditions above g, ip.

The meter may be equipped with the following output:

c)

d)

24

frequency, representing linearized flow rate;

an analogue (4 mA to 20 mA) output for flow rate at line conditions.
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Flow rate outputs shall function up to 120 % of the maximum flow rate, g, ., Of the meter.

A low flow cut-off function may be provided that sets the flow rate output to zero when the indicated flow rate
is below a minimum value (not applicable to serial data output).

NOTE Setting the output to zero at low flow can cause problems if the USM output is used to control valve settings.

Two separate flow rate outputs or serial data values may be provided for bidirectional applications to facilitate
the separate accumulation of volumes by the associated flow computer(s).

All outputs shall be isolated from ground and have the necessary voltage protection to meet the electrical

testirgrequirements:

The]USM may be equipped with a display for presenting measured and other values.

For [control purposes, the update frequency of the output signal(s) to the measured flow shall be specified and
be gt least 1 Hz.

5.4.8 Cable jackets and insulation

Cable jackets, rubber, plastic, and other exposed parts shall be resistant-to ultraviolet light, water, oil, and
gregse.

5.4.9 Marking
Each electronic assembly shall be permanently marked with*a unique version number for easy reference. A

list of electronic assemblies, including version number, shall be kept up to date by the manufacturer as part of
verdion management.

5.5| Software

5.5.1 Firmware

Conmputer codes responsible for the'control and operation of the meter shall be stored in a |non-volatile
merpory. All flow calculation constants and operator-entered parameters shall also be stored in |non-volatile
merory.

It shall be possible to verify, all constants and parameters while the meter is in operation. A firmyvare check-

sum and event log shall-be provided to validate that no unauthorized changes have been made to the
firmware.

5.5.2 Discontinuity

Being an_electronic meter, the firmware may introduce discontinuities due, for example, to leyel settings.
Therefotey the firmware shall be designed to avoid discontinuities.

5.5.3 Marking and version management

The manufacturer shall maintain a record of all firmware revisions including the revision serial number, date of
revision, applicable meter models and circuit board revisions, and description of changes to firmware
performed by them or by their representative.

The firmware revision number, revision date, serial number, and checksum shall be available for inspection of
the firmware chip, display or digital communications port.

The manufacturer may offer firmware upgrades from time to time to improve the performance of the meter or

add additional features. The manufacturer shall notify the user if the firmware revision affects the accuracy of
a flow-calibrated meter.
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5.5.4 Configuration and monitoring software

The meter shall be specified to have a capability for local or remote configuration of the ES and for monitoring
the operation of the meter. As a minimum, the ES shall be able to display and record the following
measurements:

a) actual volume flow rate;

b) average velocity;

c) average SOS;

d) individgal path velocity and SOS per path;

e) ultrasonic acoustic signal quality received by each transducer.

As an optiop, these functions may be provided as part of the embedded software of the meter,

5.5.5 Inspection and verification functions

It shall be possible to view and print the flow measurement configuration parameters used by the ES,

calibration ¢onstants, meter dimensions, time averaging period, and sampling rate-Provisions shall be m

to prevent an accidental or undetectable alteration of those parameters that-affect the performance of

meter. Suithble provisions include a sealable switch or jumper, or a pefmanent programmable read-

memory chip with verifiable checksum/event log alarms.

Provide the|following alarm status output:

a) output |nvalid: when the indicated flow rate output is invalid (fequired);

b) warning: when any of several monitored parameters fall:outside normal operation for a significant le
of time|(optional);

c) partial failure: when one or more of the multiple ultrasonic path results is not usable (optional).

5.5.6 Diagnostic parameters

As a minim
a) non-lin
b) flow ve
c) SOS al
d) averag
e) velocity

im, the following measurements shall be provided for diagnostic purposes:

parized average velocity through the meter;

ocity for each acoustie path (or equivalent for evaluation of the flowing velocity profile);
png each acoustic path;

b SOS;

sampling interval;

e.g.
ade
the
only

ngth

f) averag

ng time interval,

g) percentage of accepted pulses for each acoustic path;

h) S/N ratio or equivalent (gain control);

i) status and measurement quality indicators;

j)  alarm and failure indicator.

The provision of the linearized average flow velocity is optional.

The meter shall be supplied with a facility for storing these values in a data file.
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5.6 Exchange of components

It should be possible to replace or relocate similar types of transducers, electronic parts and software without
a significant change in meter performance (i.e. within the repeatability specification).

If it is not possible to replace or relocate transducers, electronic parts, and software without a significant
change in meter performance (i.e. within the repeatability specification), the meter shall be recalibrated.

Procedures to be used when such components have to be exchanged, including possible mechanical,
electrical or other measurements and adjustments, shall be specified. Any change of parts without
recalibration of the meter may lead to additional uncertainties which have to be specified by the manufacturer.

From every event with the ultrasonic flowmeter (calibration, repair, etc.), a full list of the relevant “as-found”
and|“as-left” parameters shall be available.

If parts are replaced by newer or different versions, advantages and disadvantages shall be specified.

The|manufacturer shall provide a reputable version management.
5.7| Determination of density

5.7.1 General

For|the conversion of volume flow under metering conditionst to mass flow or volume flow under base
conglitions, gas density shall be determined.

Gaq density may be determined by:
a) |direct measurement;
b) [calculation from pressure, temperature and’gas composition;

c) |inferential measurement.

5.7.2 Pressure measurement

The|pressure tapping marked<“pm” shall be used as the pressure sensing point (see 5.2.6).

5.7.3 Temperatureimeasurement and density measurement

For [unidirectionallow, the thermowell or densitometer pocket shall be installed downstream of tHe USM and
locgted betwegen 2D and 5D, where D is the outside pipe diameter, from the downstream flange ¢f the USM,
but jupstream.'of any outlet valve, diameter steps or flow restrictions. It is important that the thgrmowell be
correctly installed to ensure the heat transfer from the piping and the thermowell attachment and radiation
effefts.,of the sun do not influence the temperature reading. The recommended insertion| length for
thermewe anrd—pocke is—betweenPH0—andPR3—Specialbrobe—desigans—may—be—reguired—or insertion
lengths greater than D/3.

Some installations require the installation of two or even three thermowells (back-up measurement or
validation measurement). Additionally, safety regulations may prescribe large well dimensions. The
thermowell shall be installed such that the ambient temperature does not influence the gas temperature
measured.

For applications where the ambient temperature is significantly different from the gas temperature, thermal

insulation or shading of the upstream pipe section, the USM assembly and the downstream section, as far as
1D beyond the furthest thermowell, shall be installed unless the meter is operating above g, ;.
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For bidirectional use with two USMs in series, the thermowell or densitometer pocket shall be installed in
between the two meters. An example of a bidirectional flow installation where two USMs are employed with
the thermowell located in the centre section is given in Figure 13. Both the number and sizes of the
thermowells or densitometer pockets exacerbate the flow perturbation.

In practical application, there are protrusions upstream of the meter into the flow, like thermowells, density
pockets, and sampling probes. The meter shall be calibrated in combination with these.

The thermowell vortex shedding frequency at high gas velocities shall not excite the natural vibration
frequency of the thermowell to the point of failure; conical thermowells are advised. Also, when using multiple
thermowells, these should not be in line. The manufacturer or supplier shall give the optimal (rotational)

position of the wells in relation to the acoustic paths.

Alternatived to intrusive thermowell-based technologies may be considered where it can be demonstrated

both the acuracy and the response time of the temperature measurement device are such that it does
compromisg the overall uncertainty of the calculated flow rate. This may be particularly advantageous w

considering|bidirectional metering systems where flow disturbances are to be minimized.

5.8 Performance requirements

5.8.1 Accuracy requirements for class 1 meters

Prior to making any adjustment, aside from those described in 6.3.3 and 6.3.5 a), or any linearization of
output, the|USM or the USMP shall meet the accuracy requirements specified in Table 6 for flow r

between gy min and ¢y, max op-

Table 6 — Accuracy requirements-for class 1 meters

that
not
hen

the
htes

Subject Requirement
Repeatabilit Within £0,2 % of measured value for g5, > gy,
Within 0,4 % of measured value for g, i, <qp < gy
Reproducibility Within +0,3 % of measured value for ¢, > dy t
Within £0,6 % of measured value for g, i, <qp<qy 4
Resolution 0,001 m/s

Zero flow refding for meters >12" 2

Zero flow reading for meters <127”.2

<0,006 m/s for each acoustic path

<0,012 m/s for each acoustic path

Maximum pérmissible erropformeters >12” 2

Within £0,7 % of measured value for g, > q;,

Within £1,4 % of measured value for g, i, <qp < gy

Maximum pgrmissible error for meters <127 @

Within £1,0 % of measured value for g, > gy,

Within £1,4 % of measured value for g, i, <qp< gy

Maximum peak-to-peak error for meters =127 @

Maximum peak-to-peak error for meters <12” @

<0,/ 7% 10rq, > qy

<1% forgy=qy,

qy,  for meters >12” 2

qy,  for meters <12” @

gy ¢at v =1,5m/s

qyatv =3m/s

a 17=254mm

Reproducibility includes the behaviour of the USM over time (drift), and includes additional contributions from
calibration, handling and operational conditions; for total operational uncertainty calculation, see 7.7.
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Also, the user and calibration body shall ensure that the USM(P) complies with the reproducibility requirement
during operation and during calibration, respectively, by providing undisturbed flow conditions, providing
steady flow conditions, avoiding contamination, avoiding damage, etc. according to 5.9.

See Figure 11.

qy,< 0,006 m/s?
A q¢ < 0,012 m/s?

1.6-'{/

[im(Aqy/q )%

1,4 | 1144,<4q,,)
1.2
1 B I AN 1b(q 2 qv’t)
0,8
’ 0,7, 2 q
06 Fem=202% (9,2 q,) Fv=av
B A
< 2 A &
=102 \l/
Lo
>
3102} L\ ppmax£07% qv<th)a
] B Istat = 20,4 % <
0,4 stat o (qV qV_t) YA 0-p.max <19 (qv Py qV’t)b
los |
’ 0,7, 29,
108} Voo
{1} —— 1 g}, 29,
11,2
| 1,4 = N -1’4(7V<qvt)
16 |
| | | -
\ 3
qV,min qV,t qV,max ay (m?h)
Key
qy volume flow rate
Aqilyyy flow rate measurement error
1 unadjusted\meter curve calibration results
lim (Aq)/qy) flow rateymeasurement error limit
qv.o zeroflow rate limit
qy t transition flow rate
qv, max designed maximum flow rate
qv, :I designed minimum flow rate
T'stat repeatability
App, max maximum peak-to-peak error for meters

a  for meters > 12”

b for meters < 12”

Figure 11 — Permissible uncertainty envelope for class 1 meters
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5.8.2 Accuracy requirements for class 2 meters

Prior to making any adjustment, aside from those described in 6.3.3 and 6.3.5 a), or any linearization of the
output, the USM or the USMP shall meet the accuracy requirements specified in Table 7 for flow rates
between g, i, @and gy 1y op

Table 7 — Accuracy requirements for class 2 meters

Subject Requirement

Within 0,25 % of measured value for g, > g, .
Repeatabilit ’

Within 0,5 % of measured value for g}, i1 < gy <qy

Within £0,6 % of measured value for g, > g, ;
Reproducibility '

Within £1,2 % of measured value for ¢, .., < g, <'q),
Resolution 0,002 m/s

Zero flow refding for meters >12"2

Zero flow repding for meters <122

<0,012 m/s for each acoustic path

<0,024 m/s for each acoustic path

Maximum pérmissible error for meters >12"2

Within £1 % of measured value for g, > ¢,

Within £2,0 % of measured value for ¢, ... <q;,<qy

Maximum pérmissible error for meters <122

Within £1,5 % of measured value for ¢, > g,

Within £2,0 % of measured value for g}, 0 < gy <qy

Maximum péak-to-peak error for meters >12"2

Maximum péak-to-peak error for meters <122

<1 % for gy, > @y

<1,4 % fot 47, > qy,

qy,  for mets

rs =122

q,/’tatv =1,5m/s

qy,  for metgrs <124 gy xat v =3mis
a  17=254mm.
Reproducibjlity includes the behaviour efithe USM over time (drift), and includes additional contributions from

calibration, handling and operational conditions; for the total operational uncertainty calculation, see 7.7.

Also, the us
reproducibil

conditions, pvoiding contamination, avoiding damage, etc. according to 5.9.

er and calibration body-“shall undertake their responsibilities to make the USM(P) comply witH the
ty requirement during operation and during calibration, respectively, by providing undisturbed [flow

See Figure [12.
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9y, < 0,006 m/s?
A q¢ < 0,012 m/s?

1,6 ’{/

i [im(Aq/q )%

1,41 114@q,<q,)
1.2
b
1 B - - - - T T T 1 (qV 2 qV’t)
0,8
PN - =1n020 0,7a(qV2qu?
U0 Tstat - % 70 WV =4 Vt’
B A
< |24 A &
=102 \l/
Lo
>
5102} L\ ppmax£O7A’ qv<th)a
~ =+ 9 <
104 Fsat =104 % (q,, qV,t) YA pmax<1%(q,, < th)b
10,6 [ '
’ 07,29,
10,8 G
{1} ——— e 1%q}, 2q,,)
11,2
| 1,4 = N -1’4(7V<qvt)
11,6
| | | -
\ 3
qV,min qV,t qV,max ay (m?h)
Key
qy volume flow rate
Agilyy flow rate measurement error
1 unadjusted meter curve calibration results
lim (Aq;/qy)  flow rate measurementerror limit
qv.o zero flow rate limit
qy t transition flow rate
qv, nfax designed maximum flow rate
qy, :lin designed.minimum flow rate
Tstat repeatability
App | max maxirum peak-to-peak error for meters
@ for meterssy 12”
b formeters < 12”

Figure 12 — Permissible uncertainty envelope for class 2 meters

5.8.3 Influence of pressure, temperature, and gas composition

The USM shall meet the above accuracy requirements over the full operating pressure, temperature, and gas
composition ranges, with inputs or a correction algorithm, if necessary. The necessary correction algorithms
and inputs shall be specified. If a correction algorithm is not necessary, an additional uncertainty due to
pressure, temperature, and composition changes shall be specified. If the USM requires a manual input to
characterize the flowing gas condition, e.g. gas density and viscosity, the sensitivity of the USM to these
parameters shall be specified so that the operator can determine the need to change these parameters as
operating conditions change.
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5.9 Operation and installation requirements

5.9.1 General

All influences from the installation, or the way the installation is operated, that increase the uncertainty of the
USMP shall either be neutralized or compensated. Minimum distances to flow disturbing objects shall be
specified. Subclause 5.9 applies to calibration (see Clause 6) as well as to operation (see Clause 7).

Various combinations of upstream fittings, valves, bends, and lengths of straight pipe can produce velocity
profile dlstort|ons at the meter inlet that may result in flow rate measurement errors. The magnitude of the

compensatgs for this error. Research work on installation effects is ongoing, so the installation desigher may
consult with the USM manufacturer to review the latest test results and evaluate how a specific\USM defign
may be affected by the upstream piping configuration of the planned installation. In order-to achieve| the
desired meter performance, it may be necessary for the installation designer to alter(the original piping
configuration or include a flow conditioner as part of the meter run.

5.9.2 Operational requirements

5.9.21 S§ound, noise, and pressure-regulating valves
The function and accuracy of an USM can be strongly affected by .noise generated by pressure-regulating
valves; see|also Reference [55] and 8.1. In the worse cases, the meter can become inoperable under ceftain
conditions. [The following recommendations are given in respect of,valve-generated noise:

a) positiom USMs well away from throttling control valves, ideally with process equipment such as vesse|s or
heat echangers between them, upstream of the regulator;

b) improvg noise immunity of USMs by:
1) ingreasing meter transducer frequengy,
2) indreasing meter transducer power,

3) us|ng signal processing techniques for signal detection, e.g. signal averaging (stacking), digital
cofrelation, or signal coding;

c) blind teps and out-of-plane bends are the most effective standard pipe fittings for attenuating ultraspnic
noise;

d) straight|pipe is very poor at attenuating ultrasonic noise;

e) lowering the differential pressure across a valve reduces the noise generated at all frequencies.

Note that it is essential that the upstream straight length of the meter is not compromised in following these
recommendations. The general sensitivity of the USM to sound (noise) generated by pressure-regulating
valves and other sources shall be described.

5.9.2.2 Contamination
Accumulation of deposits due to a mixture of particles and liquid contaminants should be avoided.
Filtration of the gas flow upstream is recommended and in bidirectional applications, filtration both upstream

and downstream is recommended. The potential for flow profile disturbance caused by filtration equipment,
however, should be recognized.
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To avoid severe accumulation, a pipe configuration having a low point downstream of the meter is
recommended.

5.9.2.3 Ambient temperature

The influence of the ambient temperature should be minimized as described in 5.7.3. Stratification, especially
at low flow velocities, may occur when the temperature difference between the outside temperature and that
of the gas is more than a few degrees. The USM diagnostics may be utilized to determine the presence of
stratification.

Alsq, a shade should be supplied to protect the electronics

5.9.2.4 Vibration

USMs shall not be exposed to vibration levels or vibration frequencies that might* excite |the natural
frequencies of ES boards, components, or ultrasonic transducers.

5.9.2.5 Electrical noise
Even though a USM design has been tested to withstand the electrical noise influences described in 8.2, the

USM or its connected wiring shall not be exposed to any unnecessaryselectrical noise, including alternating
current, solenoid transients or radio transmissions.

5.9.2.6 Non-steady flow

Pulgations and non-steady flow beyond the manufacturer's’specifications shall be avoided (see 5.4.4).
5.9.3 Installation requirements and flow profile.considerations

5.9.3.1 General

A fully developed flow profile is the ,most desirable condition at the meter. In practice, undidturbed flow
conglitions may be the highest achievable. To find out whether undisturbed flow conditions are|reached, a
pragtical definition is introduced: atUSM is found to be in undisturbed flow conditions when the gddition of a
lendth measuring 10D of straight \pipe at the upstream side alters the reading of the USM (FWME) by not
morg than the combined repeatability of the facility and the USM.

5.9.3.2 Distance to‘perturbations, upstream and downstream straight pipe length requiremnents

Typlcal upstream’piping conditions (operating conditions), e.g. bends, headers, T-joints, flow gonditioners,
filtrgtion equipment, diameter changes (steps, expanders or reducers), and valves, introdude swirl, an
asymetricflow profile, a flat flow profile, a peaked flow profile or combinations of these. Rgsearch has
demonstrated that asymmetric profiles may require a length measuring 50D of straight pipe without a flow
conglitioner, and swirling profiles may require 200D of straight pipe without a flow conditioner b¢fore a fully
developed flow profile can be assumed. Installing such lengths of upstream straight pipe is impractical. The
current ability of USMP to compensate for disturbed flow profiles allows shorter lengths of straight upstream

pipe.

The minimum length of straight upstream pipe, /,;,, shall be such that the addition of an extra straight length
measuring 10D alters the reading of the USM (FWME) by not more than the combined repeatability of the
calibration facility and the USM. The value of /,;, differs in accordance with the upstream piping configuration,
and can only be found using a set of reference standards. Determination of the values of /., for a standard
set of upstream piping configurations is a major task during type testing; see 6.4. Determine /,;, such that the
maximum additional error due to flow perturbations is <0,3 %. The manufacturer shall specify the values of
Imin for the different flow perturbations defined in 6.4.3.

© ISO 2010 — Al rights reserved 33


https://standardsiso.com/api/?name=7fca6178a8dad6e089c6bde740586de7

ISO 17089-1:2010(E)

Determination of /,;, of an upstream piping configuration for which /,;, is not yet known is the responsibility of
the user. Application of the USM in a configuration for which /., is unknown requires a length of 50D of
straight upstream piping; for the USMP, the corresponding value is 30D.

The minimu

m length of straight downstream pipe is 3D.

Due to the large variety of USM types, upstream piping configurations, and flow conditioners, it is practically
impossible to standardize upstream lengths. Furthermore, USM technology continues to improve, which
makes standardization on this point even more difficult.

5.9.3.3

Changes in
the velocity

The flanges
throughout
These com
Experience
cause mets
reduced by

NOTE T

For a minimum upstream length of 2D, there shall be no flow disturbances from flanges, flow straighter

etc. Over a
fulfil the foll
a) the pip
b) two pip|

the inte
the ups

c)

d) the pip

inside (

The value f
The averag
quality cont

When dete
12 measursg

in each of gt leastthree cross-sections evenly distributed over a length of 0,5D, two of these sections beir

distance 0 &

Protrusions and diameter step

inside diameters and protrusions should be avoided at the USM inlet to avoid the disturband
profile, unless the meter is classified as “reduced bore”, see 5.2.4.

and adjacent upstream pipe shall be straight, cylindrical, and have the same‘inside diamnj
Bs the inside diameter of the inlet of the meter, preferably within 1 % but at maximum within
ponents shall be carefully aligned to minimize flow disturbances, especially at the upstream fla
with class 1 meters has shown that diameter steps between the upstream pipe and the m
chamfering as long as the angle of inclination is less than 7°.

his value can only be considered as a guide to estimate the additionalufcertainty due to diameter steps.
length of at least 10D or /,;, upstream of the meter, whichever is smaller, the pipe section(s)
bwing requirements:

b shall be straight, i.e. have no bends >5°;

es are said to be aligned when local diameter steps are <3 %;

rnal weld of the downstream flange.ef-the upstream piping shall be ground smooth and no p3
tream gasket or flange face edge shall protrude into the flow stream;

b is said to be cylindrical whenwno diameter in any plane differs by more than 3 % from the ave
iameter, D, obtained from-the measurements specified.

br D shall be the average of the pipe inside diameters over a length of 0,5D upstream of the U
b inside diametercanbe determined by various methods which shall be supported by an adeq
rol system. Thedinstruments shall be traceable to internationally recognized standards.

'mining D~by hand-held instruments, this diameter shall be the arithmetic average of at |
ments,.namely four diameters positioned at approximately equal angles to each other, distrib

nd.0;5D from the USM and one being in the plane of the weld.

e of

eter
B %.
hge.
eter

ring errors of the order of 0,05 % systematic error per 1 % diameterCstep; an error that can be

ers,
shall

rt of

age

SM.
late

past
Lited
g at

Diameter steps larger than 3 % within 10D upstream of the meter are allowed exclusively in exceptional cases,
in which the USM manufacturer shall prove that the additional bias due to the diameter steps is below 0,2 %,
e.g. within type testing, see 6.4.2.

5.9.34

Thermowells and density cells

For thermowells and density cells, see 5.7.3.
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5.9.3.5 Flow conditioners

One of the main advantages of USMs is the absence of a pressure drop. The use of a flow conditioner
introduces a pressure drop and negates this advantage. Lack of available space for sufficient upstream length
or unquantifiable effects of upstream pipe work configuration are the most common reasons for their use.

Installing a flow conditioner at any position in the meter run upstream of the USM causes a change of the flow
rate indicated by the meter. This change depends on many factors (e.g. flow conditioner type, meter type,
position relative to the USM, and flow perturbation upstream of the flow conditioner). To avoid this additional
uncertainty, the USM shall be calibrated with the actual flow conditioner and meter tube as one package
(USMP).

For|USMs, perforated plate-type conditioners are preferred. Tube bundles and vane-type flow-¢onditioners
only suppress the swirl, do not improve the flow profile, and may even cause additional profile-distqrtions.

An éxample of a bidirectional flow installation where two USMs and flow conditioner§)are employed with the
thermowell located in the centre section is given in Figure 13.

1 2 1

| | |
R T

3 USM USM 3
a b
Key
1 flow conditioner
2 thermowell
3 pipe
D pipe inside diameter

USM ultrasonic flowmeter

a8  Flow primary direction (forward).

b Flow primary direction (reverse).

Figure 13 — Example of a bidirectional installation

WARNING —-Aflow conditioner may produce noise of severe levels depending on its design and the
gas|velocity.

5.9.86-, " Internal surface and wall roughness

Deposits due to normal gas transmission conditions, e.g. condensates or traces of oil mixed with mill-scale,
dirt or sand, may affect the accuracy of the meter. The same effects may be experienced from rusting of
untreated internal surfaces or a defective internal coating. The internal surface and the wall roughness should
therefore be monitored for changes using the meter diagnostics as well as optical (visual) methods. The
monitoring interval chosen should be dependent on the sensitivity of the USM as well as the expected
changes in wall roughness.

5.9.3.7 Bidirectional use

For bidirectional use, both upstream and downstream piping shall be regarded as “upstream” piping. The
sensitivity of the USM to the thermowell or the density cell shall be specified.
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5.9.3.8 Orientation of meter

The requirement of 5.8.1 shall also be met when orienting the USM into a position different to that for which it
was designed.

5.9.4 Manual handling and transportation

Regulations covering manual handling shall apply. The possibility of damage to the USM during handling and
transportation shall be recognized and all reasonable steps taken to minimize its likelihood. For example,

consider:

a) the usq of an indication device such as a shock detector during transportation;

b) the usq of appropriate lifting and transport cases or frames;

c) the usq of flange covers to avoid the internal contamination of the meter;

d) the minimization of transducer and cable removal;

e) the imglementation of procedures described in 7.6.4;

f)  post-prpduction protection of the meter and spools against corrosion by purging with inert gas prigr to
transpqrt.

6 Test and calibration

6.1 Prespure testing and leakage testing

The meter hody shall be properly leak tested and pressuretésted.
6.2

6.2.1 Genleral

Individual testing — Static testing

Static testing comprises the measurement of the meter body dimensions and of time delays of electronics|and

transducerq as well as a zero flow verification test.

6.2.2 Gedgmetrical parameters

The manufgcturer shall doctiment:

a)
b)
c)

d)

e)
f)
9)
h)
i)

36

the avgrage inside/diameter of the meter;

the crogs-sectional area of the meter;

the lengtirof eachacoustic path-between transducer faces;

the inclination angle of each acoustic path or the axial (meter body axis) distance between transducer
pairs;

the uncertainty of measurements a) to d);

the meter body material;

the meter body pressure and coefficients of thermal expansion;
the wall thickness;

the wall roughness.
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The meter body temperature shall be measured at the time these measurements are made. The individual
corrected lengths shall then be averaged and reported to the nearest 0,000 14.

All instruments used to perform these measurements shall have valid calibrations traceable to internationally
recognized standards.

6.2.3 Timing and time delays

Transducer time delays can cause velocity-offset errors if they are not correctly defined in the parameter list of
the USM. The manufacturer shall measure and document the time delay(s) of electronics and transducers.
The uncertainty of the measurement shall be specified. All calibration instruments used to perform these

meg
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mes
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6.2.4 Zero flow verification test

To
The

The

a)

d)

surements shall have calibration certificates traceable to internationally recognized standards,

method involves mounting two transducers in a pressurized test cell, filled with a gasfepwh
ccurately known. Actual transit time of the signals in the gas can be calculated from the ratio of
SOS. Because transit times are equal (zero flow), t,g and tg, can be calculated:)The ultras
sures times that include time delays in the electronics, transducers, cables, etc. Time
ulated from the measured values. Any errors in the SOS in the test cell affect meter performg
I's in geometrical parameters ly and d do.

ther method requires a set-up in which the transit times of a pair of transducers can be meag
vn and different path lengths under zero flow conditions. The measurement shall be performg
e gas conditions for both path lengths.

erify the transit time measurement system of each meter, a zero flow verification test shall be
manufacturer shall specify procedure and tolerances.

test procedure shall include the following elements as a minimum:

after blind flanges are attached to the ends of the meter body, the meter may be purged o
pressurized with a pure test gas or\gas mixture, whose selection shall be the responsi
manufacturer and whose acoustic properties shall be documented;

gas pressure and temperature.shall be allowed to stabilize — gas velocities for each acoust
be recorded for at least 300's from which the average gas velocity and standard deviati
acoustic path shall then be calculated;

if the measured SQS+values are compared with theoretical values, the theoretically determ
shall be computed.using a complete compositional analysis of the test gas — the uncertaint

measurement shall be better than +0,2 K — for the theoretical determination, the equations in
shall be used (Reference [34] contains equivalent equations);

the SOS values shall be within 0,1 % of the theoretical value given by ISO 12213.

ch the SOS

path length

bnic system

delays are
nce, just as

ured at two
d under the

performed.

f all air and

bility of the

c path shall
bn for each

ined values
of the test

gas pressure_measurement shall be better than £0,1 % and the uncertainty of the test gas femperature

ISO 12213

6.3

6.3.

—Individual-testing— Flow catibration

1 General

All class 1 meters shall be calibrated under flowing conditions during which the meter shall not generate any
critical alarms. For class 2 meters, this flow calibration is highly recommended. The calibration of meters

und

er flowing conditions (flow or flow calibration) may also be required because of:
national legal requirements;
high accuracy requirements;

the application for custody transfer.
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Generally, USMs can be operated at much higher flow velocities (up to 30 m/s average velocity or even
higher) than turbine meters or orifice meters of the same diameter. This leads to high turn-down ratios. Very
often these large velocities are not used in the metering facility (e.g. due to serial installation with turbine
meters or noise emission limits). In that case it is recommended not to choose the calibration flow rates in
accordance with the gy ay gesign Of the meter, but in accordance with the maximum flow rate of the
application (g, max, op)> S€€ also 5.1.1. In such a case, the limits given in 5.8.1 have to be recalculated for the

NeW gy max = 97, max, op-

Both individual USMs and USMPs may be calibrated, as described in 5.9.3.5.

Two princip.

a) laboratpry flow calibration;

The flow cajibration delivers a set of systematic errors, as a function of flow rate (or Reynoldsynumber), which
can be used to correct the meter output. This set is usually presented as a “calibration curve”.

Where possible, calibrate at a similar pressure and temperature to meter operating (conditions. Differencegs in
dimensions|due to pressure and temperature differences between calibration and.operation may be correfted
as describefd in 4.7.

6.3.2 Labpratory flow calibration

6.3.2.1 General

To minimizg the uncertainty of the calibration, the calibration shall be conducted:
a) according to good laboratory practice;

b) in accordance with methods recognized by International Standards;

c) ata lahoratory accredited according to ISO/IEC 17025;

d) under yndisturbed flow conditions (see 6.3.2.4);

e) under gteady flow conditions (see 6.3.2.4);

f)  over a ptatistically significant duration of time (see 6.3.2.2);

g) over the appropriate range of flow rates to describe the in-service response of the meter; a minimum of
six, buf preferably seven, points should be taken, e.g. for a seven point calibration: 100 %, 70 %, 49 %,
25 %, 10 %, 5 % 0f 9% max, op» 97, min ©F the minimum flow as specified by the end user;

h) wheneyer possiblé, by using the upstream and downstream meter spools or dedicated calibration sppols
and flowy conditioners (when applicable).

6.3.2.2 Duration of the calibration

The duration of a measurement (one single flow rate) shall be large enough to reduce the effects of random
processes and displays with limited resolution to negligible proportions. Two methods are given.

a) Running standard deviation: During the measurement the samples taken are processed into a running
standard deviation. When the running standard deviation evolves into a stable value, the required
duration is reached.

b) Fixed measurement time: A mean measurement of one flow rate is calculated from several
measurements. Normally three, but preferably five measurements per rate are taken and valid only if no
trend in one direction is observed. Take as many measurements as necessary until the standard
deviation of the determined measurements is <0,3 % for ¢, > g, ;.
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Practice has shown that the duration of one measurement shall be at least 300 s or 400 x /v, where r is the
inside pipe radius of the meter and v is the average flow velocity, whichever is larger.

6.3.2.3  Uncertainty of the calibration facility

The uncertainty of measurements performed at the test facility shall be sufficiently low to enable the overall
metering system uncertainty budget to be met. Typically, this is in the region of 0,3 % of the reading.

6.3.2.4 Flow conditions

They
The|
and

recommendations given in 5.9.2.and 5.9.3 have to be taken into account. The conditions

wﬁmmmmmmmmw i iti i iti introduced.
upstream straight length of the meter package shall be greater than or equal to /;,. Therequirements

during the

calipration or test on the calibration facility, such as pipe inside diameters, upstream_pipe configurations,

con

Ran
or tdg

and

whe

Jition of the inner surfaces of the USM and the pipes, shall be accurately documented.

dom variations and trends in pressure, temperature and flow rate shall be negligible during th
st run. The additional error due to line pack, 4, p, shall be calculated using:

Am
Ap=—22 % 100%

Do, ref t

the line pack mass flow rate, g,, | p, in kilograms per second,‘using

_ Ampyg y
9, LP =

t
re

Amy s i the increase or decrease in mass, in kilograms, inside the buffer volume
~ measurement;

t is the duration, in Sseconds, of the measurement;

D ref is the reference mass flow rate, in kilograms per second.

NOTE Instead of calcdlating line pack based on mass and mass flow, volume and volume flow at any

cong

The
max

Any|

ition can be utilized:

line pack seffect shall be taken into account when 4 p>0,02%; g, | p shall be determ
imum uncertainty of 5 % at ¢, > g, y and 10 % for g, in <qp < gy +

meastrement shall be rejected when any of the following situations is encountered:

p calibration

(23)

(24)

during the

chosen base

ned with a

A p > 0,2 % per measurement (line pack);
AT > 0,25 K per 100 s (temperature drift);
Ap > 0,002p per 100 s (pressure drift);

Agqy>0,03¢q;, per 100 s (flow rate drift);

pulsations inside the calibration facility give rise to an error larger than 0,05 % on the reading of the

reference meter(s) and the meter(s) under test.
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6.3.2.5 Stratification at a calibration facility

During calibration, especially at low flow velocities, stratification can occur when the temperature difference
between the outside temperature and that of the gas is more than a few degrees. To detect the presence of
stratification, the temperature measurement of the gas should be performed both at the bottom and at the top
of the pipe. If the temperature difference inside the pipe is more than 0,5 K, the calibration point should be
rejected; diagnostics may also indicate the presence of stratification. Special attention shall be paid to the
quality of the temperature probes.

Adequate thermal lagging in the upstream, the USM(P), and the temperature measurement section prevents
stratification.

6.3.2.6 Traceability of the calibration facility

Measuremgnts carried out at the calibration facility shall be traceable to international standards.” Also,| the
calibration laboratory should be accredited to ISO/IEC 17025.

6.3.2.7 LUimited calibration range at initial calibration

It is recogn|zed that it may not be possible to test large USMs up to their maximtm capacity because of the
limitations gf currently available test facilities. Therefore, a gj; yay cal (loWer than gy 4y op) May be spedfied
for flow calibration. The USM shall be regarded as class 1 only for flow ratesup-to ¢, max cal-

6.3.2.8 LUimited calibration range at recalibration

It is recogn|zed that it may not be possible to test large USMs up, to their maximum capacity because of the
limitations qf currently available test facilities. Therefore, for recalibration, a g, ax cal (lOWer than g ot op)
may be spgcified for flow calibration: gy max cal = 0,49y, max, op- The deviations at g, > gy max ca May be
calculated from previous flow calibration results at q;, > gy<inax cap taking into account the shift of the pgints
already caliprated.

When gy mbyx cal = 0:74y, max, op» @n additional uncettainty of 0,15 % shall be added to the deviation at 140 %
of Gy, max, dp- WheNn gy max cal = 044y, max, oy y@n additional uncertainty of 0,15 % shall be added to| the
deviation af 70 % of g, nay op @nd 0,3 % shall be added to the deviation at 100 % of gy, 44 op; Otherwise| the
additional upcertainty shall be calculated$er'the particular application.

Optionally, the tests specified in 6.4.4.covering meter performance in partial failure mode may be condufted
during initia| calibration of the meter.

6.3.2.9 Bidirectional calibration

A flow calibration is enly valid for the direction in which the meter is calibrated. A valid flow calibration for a
bidirectiona| application requires calibration of the meter in each direction.

6.3.2.10 Report

6.3.2.10.1 General

Results of calibration shall be available on request, together with a statement of conditions under which the
calibration took place. The calibration data provided shall include those listed in 6.3.2.10.2 t0 6.3.2.10.4.

6.3.2.10.2

Record:
a)

b)

40

Results

the determined errors at the investigated flow rates;

the date(s) of the test;
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c) in case of bidirectional meters: “forward flow” or “reverse flow”;

d) ifthe error at g, 5« has not been determined, the “restricted calibration range”, ¢, max car;

e) in the case of a single point correction, the value of the adjustment factor and FWME before adjustment
and the value after adjustment;

f) to facilitate a multi-point calibration curve correction in the field (linearization), the individual adjustment
factors, e.g. frequency and impulse factor, of the calibration points;

g) SOS hoth from the meter being tested and calculated from gas compasition, pressure, and temperature;

h) [the log file containing all data taken during calibration;

i) |a diagnostic report of the software configuration parameters of the meter during calibration.

6.3.2.10.3 Meter identification and description of the facility
Record:

a) |data supplied by the manufacturer, such as meter size, meter serialklnumber, and transducer|S/N ratio of
the meter being tested;

b) [the calibration facility, the method of calibration (bell prover,'sonic nozzles, other meters, etc.)
c) |the estimated uncertainty of the calibration results;
d) |a written description of the test procedure;

e) |a description of the condition of the inner surface of the meter and the upstream pipes (dirt, corrosion) —
where necessary, add a photograph.

6.3.2.10.4 Conditions of the test
Redord:

a) |the position of the meter\(horizontal, vertical flow upwards, vertical flow downwards) as well gs the meter
orientation;

b) [the upstream ,and’/downstream piping configurations involved in the qualification of “undidturbed flow
profile”, including flow conditioners, piping tag numbers and inside diameters;

c) |the naturee.g. gas composition) and conditions (pressure and temperature) of the test gas;

d) |adescription of any variations or deviations from the required test conditions.

6.3.3 Judging the measurement quality of the meter

Fundamentally, the USM is based on a linear measurement principle. Theoretically, after correcting for a
possible Reynolds effect, the meter curve is a combination of an offset term (dominant at the low flow
velocities) and a bias term. The judgement of the measurement quality of the meter should therefore be based
on the combination of the calibration curve and a linear offset only. Other corrections, such as curve fittings or
linearizations, may not be used to judge the quality of the meter as they might mask hidden design effects.
They shall only be applied after approving the meter performance curve (see also 5.8).

NOTE Correction of Reynolds number effects is included in either the 4, factor or the f; factor given in Equations (7)
and (9), respectively.
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6.3.4 Calculation of flow-weighted mean error (FWME)

The FWME,

E(qV), is calculated as follows:

2[(‘]V,i /qV, max,op)Ei]
Z(qV,i/qV, max, op)

Egy)=
where

qdy, i

9y, max,

E;
In OIML R
higher than
In other dod
To avoid cq

factors shal

Is the tested flow rate;

op is the maximum rated operational capacity of the meter;

is the error, as a percentage, indicated at the tested flow rate, ¢,
qy,;'anges: gy min < 9y, i < 9y, max, op when 4y, max, cal = 4y, max, op’

qy,;ranges: gy min < 9y, ; < 4y, max, cal when 4y, max, cal < 49¥, max, op:

37-1137] the so-called “reduced weighting factor” of 0,4 is used‘when the actual flow rate, g,
0,99y max-

uments, other weighting factors are used above different flow rates.

nfusion and because USMs are supposed to belinear, in this part of ISO 17089, all weigh
be based on the ratio of the actual flow rate, g,.;"over the maximum flow rate, g, 54, Only.

6.3.5 Adjuistment factors

I

ting

Adjustment|factors and calibration curve correction (linearization) may be applied within the flow computér or
within the meter. Possible methods of applying-adjustment factors are by using:
a) FWME|over the expected flow range of the meter (an example of the calculation of FWME is shown
in B.2);
b) multi-ppint linearization algérithms over the calibrated (operational) range of the meter;
c) polynomial algorithms<over the calibrated range of flow rates of the meter (polynomial corrections outside
the caliprated range 'may lead to instabilities).
For bidirectional calibrations, a second set of factors may be used for reverse flow.
Where linegrization curves are applied, the following correction algorithm may be used:
100
9v,true = 47, actual (26)
100+ E(‘ZV, actual)
where
9y, actual is the raw metered quantity;
E(qy actuar) s the error, as a percentage, associated with the flow rate;
9y, true is the value the meter should return with insignificant error, i.e. the reference meter quantity.
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If a zero offset was established during flow calibration, it might be revised based on the results of the flow
calibration to optimize the overall accuracy performance of the meter. The manufacturer should document
such a change in this factor and alert the user that the zero flow output may have some intentional bias in

order to improve the accuracy at g min-

6.4

6.4.1

Type testing, ensuring measurement quality in the field

General

A meter calibration curve without the guarantee that the meter behaves the same way in the field as in the

calipration Taboratory 1S meaningless and real-world circumstances are generally more complexX

enc
the
test

Typ
indi
flow
Alsq

cas
gua

When no type approval is present, every individual USM requifes a compliance testing to

ISO
6.4.

Typ
ISO
con

The
soft
app
Snt:
and

The

wiring, and customer wiririg terminals. The electronics shall be in operation, measuring zero flow,

100
met|

Dur

the

buntered at a calibration facility. In order to ensure that the quality of the calibration curve is.tra
field, type testing is introduced. Here real-world circumstances are simulated by a serjes_of p
5 and the meter has to prove that it can deal with these. Only then is the calibration curve‘trans

b testing, however, is interpreted differently. In some countries, it is used as a waiver for the
idual calibration. Here this is not the case. Type testing is not meant to replace the requirg
calibration.

, when a meter is not type tested, the user has no guarantee of the finab performance in the fi

bs, a minimum upstream straight pipe length of 50D is recommended, but this does n
rantee.

17089 as described in 6.4.2 in addition to the tests of 6.1,,6.2 and 6.3.

P Type testing

b testing includes extensive tests in order tocverify the compliance to all requirements of
17089. A USM having a type approval shall be tested as in 6.1, 6.2 and 6.3. Type testi
jucted by recognized bodies or independent certified laboratories.

vare, etc.). Meters of different désign shall play no part in the type approval. The validity
roval shall be clearly defined. It.is.recommended that the type testing be carried out on at leag
ller meter sizes of the USM-type in order to evaluate the largest influence of the geometrical
the time delays on metersperformance.

5e test requirements-shall apply to the design of all circuit boards, ultrasonic transducers, inte

% functional during the tests. In the case of high-voltage transient and electrostatic discharg
er may tempararily stop functioning, but shall automatically recover within 30 s.

same, test conditions as other parts of the ES.

than those
hsferable to
erturbations
ferable.

need for an
d individual

eld. In such
bt give any

this part of

this part of
hg shall be

meters used for type testing shallbe equipped with all characteristic parts (electronics, fransducers,

of the type
t one of the
parameters

rconnecting
and remain
e tests, the

ng these tests, the ultrasonic transducers may be operated in a smaller and lighter test cell (¢r test cells)
instead of-a-full meter body. However, the transducers shall actually be measuring zero flow and

exposed to

6.4.3 Accuracy

The

accuracy limits of 5.8.1 shall be met within ¢y, 1,5y gesign @Nd gy, min-

The tests shall be conducted under undisturbed flow conditions with the following flow rates: 120 %, 100 %,
70 %, 40 %, 25 %, 10 %, 5 % of g, may, design-

The duration of one measurement shall be at least 300 s, 3 times 100 s or 800 /v, whichever is larger.

The repeatability test shall be conducted for at least one flow rate below g,  and at least one flow rate above
qy t For each of these flow rates, 10 single measurements shall be taken with the duration of the
measurement as given above.
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For the reproducibility test, the same meter shall be tested under exactly the same installation conditions with
a time difference of at least one month.

6.4.4 Installation conditions

For a standardized set of perturbations, the /,;, of every perturbation shall be determined:

a) under reference flow conditions;

b) with a single 90° bend (radius of curvature of 1,5D):

1) with the USM in normal position,

2) with the USM rotated by 90°;

~

c) with twg 90° bends in perpendicular planes (radius of curvature of 1,5D, without spacer between bends):
1) with the USM in normal position,
2) with the USM rotated by 90°;
d) an expgnder with a diameter increase of at least one pipe size [typically 2”1);
e) a reduckr with a diameter decrease of at least one pipe size [typically)2/1)];

f) a diameter step on the upstream flange of the USM with magnitude of +3 % and -3 % (or larger valugs if
the mahufacturer allows for larger steps);

g) a flow gonditioner chosen and positioned by the manufacturer in combination with perturbations abovel.

The single fests shall be conducted for at least one flow rate below ¢, ; and for at least two different flow rates
above g, ,|according to 6.4.2. Relevant are the mean-values of the three single measurements at each [flow
rate. Abovelq, 4, all calculated mean additional errars shall be within 0,3 %.

Instead of the perturbation tests described in” a) to g), similar tests with different perturbation-produging
devices are| allowed, such as perturbation plates (e.g. swirl generators). In that case, it shall be clearly shpwn
that the velocity fields produced are similar to the perturbations presented in a) to g), for instance vial the
measuremgnt of the three-dimensionalvelocity field.

6.4.5 Path failure simulation.and exchange of components

Where a class 1 or 2 méter’ remains in service in the event of path failure, the effect of the failure shall be
determined|during meter-calibration by simulating the failure of one or more paths. The test should be cafried
out at or afound the mid-point of the expected operating range of the meter. During the test, the flow |rate
should be varied by20 % of the flow rate to ensure that the meter responds appropriately.

The manufacturer shall demonstrate the capability of the meter to replace or relocate transducers, electronic
parts and software without a significant change in meter performance. This has to be demonstrated for:

a) the electronics;
b) transducers of different path types.

When components are exchanged, the resulting shift in the mean error of the meter shall not be more than
0,2 %.

1) 17=254mm
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The design of the electronics shall be tested to demonstrate that the USM continues to meet the performance
requirements of 5.8.1, while operating under the influences and disturbances specified in Annex F,
disturbance tests.

Table F.1 shows the minimum severity level for each test to fulfil the requirements of the instrument
classifications used in:

a)

open locations with average climatic conditions, thus excluding polar and desert environments;

b)
c)
The

eled

The

7

7.1

This
exp

Inc
pos
suc
diag

instgéad of labour-intensive quality checks.

The
app

accliracy expectations,“it) is necessary to incorporate a number of advanced diagnostic and

prod
prog

verification of the. functionality of the USM.

7.2

locations where the level of vibration and shock is high or very high, e.g. for instruments meu
on machines or conveyor belts;

locations with electromagnetic disturbances corresponding to those likely to be. found
buildings.

low-flow cut-off shall be switched off for all tests if the meter under test'‘or the test cell
tronics and transducers, is set up for no-flow conditions.

flow rate output has to be monitored and evaluated according to 5.8

Audit trail and operational practice

General

clause is directed at the operator, to ensure .that the USM, once in service, continues f{
bcted performance requirements after installation.

pbntrast to many other meters, USMs can*deliver extended diagnostic information through whig
Sible not only to verify the functionality-of-a USM, but also of several other components within
n as the gas chromatograph and“the pressure and temperature transmitters. Due to th
nostic capabilities, this part of .IS© 17089 advocates the addition and use of automated

re-certification method (selected by the operator should be appropriate for the applicatid
ications of class 1 and ‘class 2 meters where high potential financial risks are matched

edures within _the) re-certification package. Optional diagnostic information systems on
rams embedded within the database computer or distributed control system provide a

Verification process

hted directly

n industrial

containing

o0 meet the

h it may be
the system,
e extended
diagnostics

n, thus for
by greater
audit trail
diagnostic
continuous

For

class 1 and class 2 meters an audit trail shall be set up. The audit trail files key docume

hts and key

characteristics of the USM throughout its life cycle (see Figure 14).
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Design Meter design and drawings
Production certificates

Material test certificates
Production

Factory acceptance
test Static testing test

Flow calibration certificate

Initial calibration

Installation
Initial in-service footprints

Acceptance of test certificate
Site acceptance test C

N
S
Agreed service peri@s

Recalibration Repeat flow ¢ @on
Service Continuou nitoring

Compon&q eplacement

and service reports
X

Figure 14 = Audit trail
An audit trajl contains some or all of the following fprocesses:

a) manufgcture;

b) factorylacceptance testing (FAT);

c) calibrafion;

d) field operation and condition-based monitoring;

e) recalibfation.

Documents|produced by the above processes are:

1) productiefreertificates:

2) test certificates;

3) calibration certificates;

4) parameter change certificates or reports;

5) component replacement certificates/reports;

6) inspection reports.
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racteristic indicators are deduced from measurement and diagnostic data as specified in 5.5.6:
SOS footprints;

trends in gain settings and other diagnostic data;

inter-comparison results;

log files.

Into operation

-1:2010(E)

Inst

llation of the USM shall comply with 5.9.

Parameters characterizing actual gas conditions, e.g. viscosity, shall be set to average opetating

the

The|
Met
extq

7.4

7.4,

effect of the difference between calibration conditions and average operating condjtions exceeq

output of the USM shall be corrected for the effect of meter body expansion,ifithe effect exce
br body expansion plays a role when operating conditions of pressure and\temperature diffg
nt from calibration conditions. The magnitude of the effect shall be calculated using Equations

Operational diagnostics

1 Speed of sound

When the gas composition, temperature and pressure are measured, the theoretical speed of so

can
the
tran

The

7.4,

be compared with the measured value. The SOS is awexcellent tool to monitor not only the US
smitters.

SOS measured by a USM, the measured SOS (MSOS), is influenced by:

the gas composition;

the pressure;

the temperature;

the geometry of the measurement section;

the transit time measdrement (by the meter).

TSOS can be)calculated from measured values of pressure, temperature, and gas compositi
htion of staterthe AGA Report No. 100351 or equivalent.

1.1 , VAbsolute speed of sound comparison

conditions if
s 0,05 %.

eds 0,05 %.
r to a large
13) to (22).

ind (TSOS)
M, but also

other components in the system, such as the gas. chromatograph and the pressure and {emperature

bNn using an

If ba

th-MSOS and TSOS are Q\IQ“QI’\'Q’ +hny may be pnmpnrnr’l- absolute r\nmpnriann

Differences between MSOS and TSOS may indicate:

a)

b)

asynchronous determination of MSOS and TSOS due to fluctuations in gas composition and analysis

time lag;

malfunction of:

1) USM,

2) pressure measurement,

3) temperature measurement,
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4) gas composition measurement;
c) depositions on the transducer(s) or meter body which change the path length.

Statistical techniques may be helpful for monitoring MSOS and TSOS over time.

7.41.2 Relative speed of sound comparison; footprint

A USM with three or more paths may be monitored by comparison of the SOS values per path: “relative

comparison”.

The advantages are:
a) itis independent of the gas composition;

b) the meg@asurement can be performed under flowing conditions — at high velocities, acoustic path le
may change, thereby increasing the discrepancy;

c) the calqulation can be automatically done as part of a diagnostic package.
The compafison may be displayed graphically as a “footprint”. As an examples. in Figure 15, the footpri

shown from| a five-path USM, showing on the ordinate the SOS ratios measured during static testing and
calibration. [The plots show the different ratios of the SOS from the various paths. The abscissa gives

ngth

nt is
flow
the

numbers of| the paths on which SOS is measured, e.g. 5/1 means theresult from path 5 divided by that of

path 1.

NN A
sl 2N /X ~ \

| |
5/1 5/2 5/3 5/4 /1 4 4/3 3N 3/2 Xﬂ n,-/n/.

-0,p5

-0,

-0,/15

\ )

Key
niln; designation of paths
c(n)lc(n)) SOS ratio
1 static test
2 flow calibration
c(n;) SOS on path #;
c(n)) SOS on path n;
n; one path,i=1...5 (i #))

n another path, j=1 ... 5 (j # i)

J

Figure 15 — Footprint: Ratio pattern determined during static testing with nitrogen
and during the flow calibration at the calibration facility
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Figure 15 is just an example. Note that different graphs may be generated, depending on the meter
configuration, to serve as a footprint.

A change in the shape of the footprint over time may indicate malfunction of a path of the USM with a resulting
potential for mismeasurement. Footprints from FAT, static testing, flow calibration, and field testing may be
compared in order to monitor changes in the behaviour of the USM.

7.41.3 Velocity ratios

Also, the individual path velocities of the meter have unique relationships reflecting the flow profile that is
dominated by the pipe configuration. At velocities higher than 1 m/s to 2 m/s, these relationships do not
change significantly over time in normal meter operating conditions and may therefore be monitored on-line as
a diagnostic tool.

7.4.1.4 Profile factor number

The| profile factor number describes the shape of the gas velocity profile entering the meter,| which is a
fungtion of the entire metering assembly including meter, piping, and flow conditioning components as well as
theif location. It can be estimated as a ratio between raw gas velocities of dissimilar paths and a result is
indgpendent of any manufacturer coefficients. A constant profile factor”is an indication thay the meter
maiftains a close correlation between individual path velocities and hence the quality of the measdrement.

7.4.1.5 Other parameters

Althpugh the SOS is one of the most important parameters 10 be used in verification, there are [many more
parameters which may be monitored in order to ensure optimum performance and combinations of these may
serye as the basis of an expert system. Table 8 shows.an-example of such a relational diagram.

Table 8 — Relational diagnostic diagram

Relational diagnostic Automatic Flgw velocit
- 9 Performance gain control S/N per path | SOS per path y
diagram per path
per path
Trapsducer failure X X — X X
Detgction problems X X — X X
Ultrgsonic noise X X X — —
Profess conditions pressure — — X — —
Profess conditions_temperature — — — X —
Fodling X X — X X
Chgnges inthe'flow profile — — — — X
High velacity X X X — —

7.5 Audit trail during operation; inter-comparison and inspection

7.5.1 Inter-comparison checks of multiple meters in series

If the USM is operated with another meter in series, e.g. via permanent serial installation or short-term serial
installation, the output and key parameters from each meter can be monitored and compared to confirm
agreement between the meters. If necessary, where 100 % redundancy has been provided as part of the
system design, one of the meters can be designated the “check” meter and only introduced into service for
this inter-comparison activity.
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Where provision has been made for USMs to operate in series, either continually or for short periods,
differences between the meters shall be confirmed at start-up and verified regularly during operation, using
the integrated volume flow rate differences at metering conditions or reference conditions. As with all
situations where meters of similar technology are used to verify one another, the potential for common-mode
error shall be recognized.

The differences in integrated volume flow rate shall be evaluated according to control limits established for the
specific inter-comparison method. If these differences exceed the control limits, prior to any action being taken,
troubleshooting shall be performed to determine, if possible, which meter is faulty and whether any external

effects may

have impacted on the performance of the meters.

Where Z-cdnfiguration piping is being utilized for the check meter allowing both operational and check maters
to be in series, ensure that the upstream straight length requirements for the check meter are strictly folloyved.
This is to |guarantee that the integrated volume difference between these two meters is due to| the
performancg of these meters and is independent of the meter installation effects.

Annex C prgsents an example of the reference meter method with two USMs in series.

7.5.2 Inspections

7.5.21  General

Monitoring based on measurement data (see Annex C) leaves the USM dndisturbed. However, there may be
reasons to |nternally inspect the depressurized meter body and its transducers. It may be possible to remove
insertion-type transducers for inspection independent of process line conditions.

7.5.2.2 Zero flow checks

The USM ig separated from the gas flow and the gas velacity checked to confirm that the registration of|that
variable onall ni/nj acoustic path combinations is zero. A‘zero flow check may only be attempted in the figld if
full isolationl and temperature stability can be maintained. If either are suspect, then the check shall be abdrted.
When poss|ble, the operator may verify that the\USM displays values at or near zero when no gas is floying
through theg meter. When performing this test;"the operator may bypass any low flow cut-off function. [The
operator shHould be aware that temperature” differences cause thermal convection currents in the gas to
circulate ingide the meter which the USM may measure as a flow rate. With some types of meter, the $0OS
vertical gradlient is an indicator of temperature gradient and convection problems.

A zero offsgt may be indicative-0f a more fundamental problem with the USM or the operator may wish to
perform additional diagnostic‘checks as part of a static test re-certification package.

7.5.2.3 \Visual inspéction

Visual checks can,often provide initial indications of dimensional changes resulting from erosion or particylate
depositions| sée, 5.9.2.2 (contamination) and 5.9.3.6 (wall roughness). If the meter bore is clean and| the
original maghining marks clearly visible, there may not be a need or requirement to re-gauge.

The bore of the USM may be inspected for contamination by either removing the meter from service or by
employing a “bore-scope” or similar device to ensure that there has not been a particulate build-up or changes
in surface finish which could impact on the performance of the meter. Access for the inspection device may be
through the line pressure tapping or via purpose-built inspection ports in the upstream and downstream pipe
spools adjacent to the meter. If the latter are employed, ensure that they do not produce local disturbances in
the flowing medium.
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Recalibration

7.6.1 General

Depending on the outcome of diagnostics and internal company regulations or rules set forward by the
authorities, USMs may need to be recalibrated.

7.6.2 Recalibration interval

The

interval between successive recalibrations depends upon a number of issues including:

7.6.

As

met
recq
con

The|
mas
sha
may
med

7.6.4 As-found laboratory recalibration

Red
test
mai

7.6.4.1 Handling in the field

the stability of the meter;

the long-term repeatability of the meter;

commercial risk;

accuracy requirements;

the interpretation of diagnostic information as proposed in 7.4 and 7,5

e an initial recalibration interval has been adopted, new recalibtation results may influence t
nterval. Helpful statistical techniques are given in ISO/TR 7874,

B Field recalibration

hn alternative to recalibration at an approved test<facility, a master meter may be incorpora
bring system during the build stage and usedto periodically “prove” the duty meter(s).
gnized that the adoption of this flow recalibration option may result in a larger system ur
parison to the laboratory calibration.

effects of the actual installations in the field on the meter output can be corrected with a field ¢
ter meter shall be installed in series with the meter being calibrated. The performance of the m
I not be influenced by the conditions of the installation. To ensure that this is achieved, the m

be isolated when not used-for verification, thus avoiding common-mode error. The durzg
surement shall comply with 613.2.2.

alibrations at an approved test facility require the meter to be removed from service and transy
facility. Guidance on manual handling and transportation is given in 5.9.4. If productid

ne length of

ted into the
It may be
certainty in

Blibration. A
aster meter
aster meter
tion of one

orted to the
n is to be

htained, there may also be a requirement to hold a spare meter in the field in order to maximiz¢ availability.

Pro

eedas foltows:
record a log file at flowing conditions (prior to zero flow and zero pressure conditions);
record zero flow reading as in 7.3;

remove the USM(P);

inspect, internally, the USM and adjacent meter spools as in 7.3 and keep a photographic record;

replace the USM with either a spare meter, a spool piece or blind flanges;
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f)

performed in the event log;

)]

pressurize the blind-flanged USM with nitrogen or use equivalent techniques, where practical.

7.6.4.2
Proceed as

a)

inspect the LISM and record the situation phn‘mgraphir‘ally if necessary:

Handling in the laboratory

follows:

do not clean the USM(P) unless applicable health and safety regulations require it — record any cleaning

prepare the USM for transportation — to prevent changes in wall roughness and contamination,

b) do not

mount
piping;

c)

d)
e) ensure
f)
NOTE

g) calibrat

If a USM h4g

After modifi

one flow rate.

7.6.5 Consequences and aftercare

Under idea

as a percen

test facility.
0,3 % and
is performe

After each
derived fror
historically
drift, which

While recal
curves mayj

use pre

avoid ¢

Make no changes to the adjustment factor or linearization parametefs.

clean the USM;

the USM in accordance with 6.3 — if the USM has been calibrated before, use identical upstr

ferably the same upstream pipe spools as in the original calibration;
alignment;

hanging the USM parameters;

b in accordance with 6.3 using equal flow set points if the . USM has been calibrated before.

s to be modified, it is recommended that an as-found calibration be performed prior to modifica
cation, a new full calibration may not be necessary if the type approval permits; but verify at |

conditions, the adjustment factor‘er the FWME from subsequent recalibrations, when expres
tage, may not exceed the component of uncertainty limits ascribed to the meter at the design
Typically, the acceptable changes of the FWME between sequential recalibrations lie betw

.

recalibration it isrecommended that a reality check be carried out on the new calibration ¢
n the individual‘registration errors recorded at the designated flow points. These curves, if pld
bn the same-axis, provide a good visual indicator of potential operational issues such as long
f not addfessed could become a problem impacting on the performance of the meter.

bration results may be within the designated registration limits for the meter, the shape of
proyide valuable information concerning “test centre effects”.

114

tion.
past

sed
hted
een

10,5 %. The actual value depends upon which type of meter is recalibrated and where this acfivity

irve
tted
erm

the

The magnitude of the shift between the current and previous recalibration results may be of specific interest
where a retrospective reconciliation to metered quantities is required in order to comply with contractual or
governmental obligations. A method for deriving mismeasurements based on sequential flow recalibration
results employing registration error limits is presented in Annex B.

7.7 Total operational uncertainty

For a forma

52

| calculation of the operational uncertainty, the user is referred to the ISO 5168.
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The components of uncertainty require combination. The main components are:

a) the reproducibility of the USM as specified by the manufacturer and as listed in 5.8.1 — this contribution
includes all intrinsic factors as listed in 4.2, except for calibration, and is <0,3 %;

b) the CMC of the calibration facility; value <0,3 % — on the basis of the dry calibration only, the
contribution is assumed to be 2 %;

c) contributions from handling and operational circumstances, such as:

4\ rnaidaratian—afi -

I’ CUTTouTTrativrt Ul Lmln
i) if [, is not determined, the contribution is 0,5 %,
i) if /i, is respected, the contribution is 0 %,

iii) if detailed research shows that the USM performance under simulated [operational
circumstances differs by less than 0,3 % from calibration, the confribution to the uncgrtainty may
be lowered to the determined value (<0,3%),

2) if a calibration curve correction or linearization is not applied, the contribution is 0,3 %,

3) other extrinsic factors as listed in 4.2 and specified in 5:9 and in Clause 7; the contribution is >0,1 %.

For|the calculation of the total operational uncertainty, all contributions shall be added by the foot sum of
squares method.

EXAMPLE 1 EXAMPLE 2

a) |USM: 0,2 % a) USM:0,3%

b) [CMC: 0,2 % b) CMC:0,3 %

c) |Operational c) Operational
1) Iminis “respected”: 0 % 1) Imin Needs “detailed research”: D,3 %
2) calibration curve correctionon”: 0 % 2) calibration curve correction “offf: 0,3 %
3) handling: 0,1 % 3) handling: 0,1 %

Total uncertainty on volume i§ equal to Total uncertainty on volume is equal to

V(0,22 + 0,22+ 0,12) = 0,3.% V[(4 % 0,32) +0,12] = 0,6 %

8 |Valve characterization and noise in a metering and regulating station

8.1| “Iintroduction

In order to know in advance if a USM performs satisfactorily in a given application, the following is provided as
guidance.

Pressure-regulating valves produce noise within the audible and also in the ultrasonic range. The amount of
noise depends on the process conditions, such as pressure drop and flow. When a control valve (pressure-
regulating valve) is installed in the vicinity of a USM, the acoustic noise levels emitted can interfere with the
acoustic signal and loss of flow measurement is imminent. The emission and the spectral distribution of the
noise are valve and trim dependent. The emission of acoustic noise at a specific frequency is characterized by
a valve-weighting factor, ,. Next to the characterization of the valve, a model is defined that comprises the
USM as well as the piping installation, such as elbows, tees, and silencers (if applicable). Also, the method for
the determination of the valve-weighting factor is given.
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In order to be sure that the meter performs well within the operating envelope, it is advised to contact the
valve manufacturer as well as the manufacturer of the USM in the early planning stage of an metering and
regulating (M&R) station.

8.2 Calculation method

8.2.1 General

In order to be able to make an assessment of the functionality of a USM in a given application, the following
items have to be investigated:

a) the ge||1eration of the noise by the control valve as a function of the operating envelope of the I\|4&R

station

b) the propagation of noise from the valve to the USM, using attenuation factor, Ny;

c) the signal strength, Pg, of the USM;

d) the outcome of this is the S/N ratio at the USM — together with the minimum,required S/N ratio (grror

critical

8.2.2 Generation of noise by the control valve

The emitted
across the

Dy o< A

In addition {
value of Ap

Py =N

This valve-y
or downstrg

Analysing t
have a brog

of a meter, a prediction of the performance of the meter can be made.

acoustic pressure, p,,, in pascals, of a valve is proportional to the pressure drop, Ap, in pas
alve and the square root of the mass flow rate, ¢,,, in newton cubic metres per hour, i.e.

P N Dm

o this, a valve-weighting factor, N,, is defined*which is a function of the acoustic pressure ang
-

v AP Ja,

veighting factor describes hew:noisy a valve is at a certain frequency and in a certain direction
am). The higher the N, value; the noisier the valve.

ne frequency spectfum of the noise generated by valves, it can be concluded that most v4
d bandwidth with@maximum somewhere between 30 kHz and 90 kHz (see Figure 16).

cals,

(27)

the

(28)

(up

lves
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Figure 16 — A typical spectrum-of the acoustic noise generated by a valve

To getermine the valve-weighting factor, N, of a valve and trim combination for each operational condition,

the |pressure drop, the flow rate,\and the acoustic pressure need to be measured. Figure 17| depicts an
installation for determination of the'valve-weighting factor.
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Figure 17 — Installation set-up
Note that:
a) distance between microphone and regulating valve may be 5D or longer;
b) there afe no obstructions in the pipeline between the microphone and the regulating valve;
c) there afre no U-bends, T-bends, etc. between the microphone and the regulating valve;
d) installation of microphone is flush with the inner wall of the pipeline;
e) before jstarting a.test, the background noise shall be measured — during this measurement, Ap sha
0 MPa,the gas.flow 0 m3/h, and the pipeline pressurized at line pressure;
f) each npis@measurement at a specific operational condition may consist of three to five measurement
g) measurements may be done under stable process conditions;
h) atthe end of the test, the background noise levels may be measured again;
i) inmost cases the N, value is different for the upstream or downstream side.

8.2.3 Propagation of noise from the valve to the USM using attenuation factor, N

| be

U.

The USM operates in the high-frequency range where, unfortunately, the noise propagates easily. To reduce
the intensity of these high ultrasonic noise frequencies, it is necessary to obstruct the acoustic wave
(eliminating the line of sight) or to let the acoustic wave interact with the pipe wall, thereby attenuating the

56
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acoustic energy. Therefore, piping elements like elbows and tees or special developed silencers can be used
to attenuate the ultrasonic noise.

The reduction of the ultrasonic noise, propagating from the valve to the USM, is presented as the attenuation
factor, N.

All piping elements present in an installation attenuate acoustic noise, an attenuation which is frequency
dependent.

Based on linear systems theory, piping elements can be represented by a number indicating the attenuation of
ultrasonic sound in the relevant frequency band

As an example, Table 9 shows the attenuation of different piping elements at 200 kHz.

Table 9 — Attenuation of piping elements at 200 kHz

Piping element Fa;tor Attenuation

d dB

Bend 90° 0,56 5

Bend 45° 0,79 2

Tee 0,32 10

Two bends out of plane 0,20 14

100 m pipeline 0,56 5

NOTE Values differ for othenfrequencies.

Whereas bends and tees show significant attenuation of ultrasonic noise, straight pipe has little tp almost no
effeft. If the noise level exceeds acceptable limits, additional bends or tees can be installed to ac{ as silencer
or s|lencers specifically designed for this.purpose. Such a silencer has to be engineered for a spgcific kind of
application (e.g. dependent of frequency).

8.2.4 Signal strength of the USM, P,

For the signal strength of aySM, the following rules apply:

a) |Pg o p: the highetthe pressure at the USM, the stronger the signal;
b) |Pge< 1/lp: thedlonger the path length, the weaker the signal;

c) |Pg e Vz-the longer the integration time or number of samples, the stronger the signal (or mor¢ accurately
averaging data improves S/N ratio by Vn).

Py

8.2.5 Signal-to-noise ratio at the USM

The combination of the attenuation factor, Ny, with the amount of noise produced by the control valve
[Equation (28)] results in the levels of acoustic noise pressure at the USM:

Pnusm =Ng Ny Ap \[qnm (30)
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Combining this with Equation (29), describing the signal strength, Equation (30) results in Equation (31), which
describes the S/N ratio, Py/p,,:

P,

28

pt

Pn

Ng Nyl Ap \/qm

Based on this, a new S/N parameter, dg, is defined:

SN

pt

(31)

(32)

Having established the S/N ratio at the USM, the last remaining item to be determined is the requ

minimum va

IsN =
IgN <

The requir
manufactur

8.2.6 M&}

From 8.2.2
dependent

the no
manufg

a)

b) thereq

c) the pip

d)

To provide
In contrast
valve, for g
Figure 18).

the US

the hed

Ng Ny ! &p \Jam

lue, ds/N. min» @t which the meter still operates:

= the USM functions

OS/N, min
bsN, min = the USM faiils

2d minimum S/N parameter, dgN min IS meter specific, and (is* determined by the m
28

R station design

to 8.2.5, it is clear that the successful operation of am/M&R station comprising a USM syste
hN:

se characteristics of the source of the noise, the valve, with the responsibility of the v
cturer to present the valve factors, ,, for beth the upstream and downstream side;

Lired operating envelope, as selectedand determined by the user;

b configuration, which may be modified to include silencers in the design;

the level of noise immunity of the USM for which the manufacturer has to present the value of dg/\ mid-

hn optimal solution,thiése issues need to be addressed in the early design stage of an M&R std
o the design of a‘tlrbine meter station, where the meter is normally positioned after the regula

USM station; the meter may be placed before the regulating valve and heat exchanger
The obvious-advantages of this set-up are:

M is placed in the high-pressure area that improves the ultrasonic signal strength;

ired

m is

alve

tion.
ting
see

ES a

t'€xchanger is placed between the noise-generating valve, acting as a silencer (in many cas

heat exchanger attenuates more than 20 dB).

In most cases, the N, value is 3 dB to 6 dB lower for the upstream side than for the downstream side (to be
confirmed by the valve manufacturer).

58

© 1SO 2010 — All rights reserved


https://standardsiso.com/api/?name=7fca6178a8dad6e089c6bde740586de7

Key

1 heat exchanger
2 Fontrol valve

3 USM

4 ilter

5 thermowell

>

Figu@@— M&R station optimized for ultrasonic measurement
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Annex A
(informative)

Registration of error bands

A.1 General
As detailed| in Clause 7, the magnitude of the shift between flow recalibration results may be of rspdcific
interest where retrospective reconciliation or calibration repeatability tolerances are required. Amethod for
deriving migmeasurements based on sequential flow recalibration results employing registrationrerror limits is
presented ip this annex, together with a guide to the determination of a representative registration error Qand
or “trigger ppint”.
The registrgtion error band or trigger point, A(reg), should be derived from:

Areg) F V[u(USM)2 + u(TF)?]
where

u(USM) is the USM primary component of uncertainty (USM facter);

u(TF) is the test facility primary component of uncertainty (test facility factor).
Included within #(USM) shall be those sub-components of uncertainty as detailed in 4.4.
The facility psed to perform the recalibration shall provide u(TF), which varies from centre to centre.
A.2 Mismeasurement example
Figure A.1 [llustrates an example of arset of results recorded during the initial comparative calibration [and
subsequent recalibration of a USM. Acalibration “offset” has been applied to the initial results and entered|into
the meter eJectronics. The registration error band and hence the trigger point for mismeasurement is takgn to
be +0,35 %]. As can be seen fronT this example, the first sequential recalibration has produced results [that
appear to bg outside this errae-band, thus leading to a possible mismeasurement issue.
The period hominated fordhe mismeasurement depends upon a number of factors, predominant among which
is previous| service history. If it can be established from log files or comparative checks when the ghift
occurred, then this-may be taken as the start date for any mismeasurements. If not, a start date shall be
agreed baspd gn\available data or contractual agreements, possibly employing the latter half of the prevjous
service peripd;-during which actual flow was registered, for a mismeasurement review.
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Figure A.1 — USM-recertification history mismeasurement example
Havjing established a potential mismeasurement period, the next stage is to determine if the regisfration error
bang was exceeded over the dssociated operating range of the meter. For this, the daily averagg flow rates
are fequired and from these the flow range for the period can be determined, i.e. minimum and maximum flow
ratep based on these daily ayerages.

To determine if the registration error band has been exceeded, the error values on either side and within the
areq of the curve bouhded by the flow profile are averaged. If this average value exceeds the errof band, then
a mismeasurement is triggered. As an example and with reference to Figure A.1, if the flgw range is
estdblished ffom historic records to be within the region 400 m3/h to 800 m3/h, then the percentage errors at
threp flow_points (320 m3/h, 640 m3/h, 960 m3/h) are used to determine if the trigger point has begn exceeded.
Noté¢ that a minimum of two flow points should be used to establish the average percentage error vialue.

Once it has been established that the registration error band has been exceeded, as in this example where all
three points have a 0,4 % error, a mismeasurement procedure may be implemented. The mismeasurement
may be calculated on a day by day basis with the mismeasurement error for each day being derived from the
calibration and recalibration results plus the associated performance charts. The actual mismeasurement for a
day is based on the difference between sequential calibration errors derived at each of the daily average flow
rates, by linear interpolation between respective flow point percentage errors. In the example at 640 m3/h, the
difference in recorded errors between sequential calibrations is +0,4 %, resulting in an overregistration of flow
on the day by 2,56 m3/h.
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Annex B
(informative)

Derivation and correction of USM errors

B.1 Methods for correcting flow measurement error of a USM
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B.2 Exan

The calculation of the.JFWME from actual flow test data is an internationally agreed calibration method, W

only a singlg
of a USM ig

measurement error of a USM consists of two components: random error and bias (or systenatic
error). The [random error can be caused by various influences, generally not dependent on each‘other, on
a meter. It usually follows a certain statistical distribution (and is often expressed’in terms of
measuremgnt uncertainty). The magnitude of the random error can usually be reduced by acquiring multiple
measuremgnt samples and applying accepted statistical analysis principles to the data..The bias us

ated USM measurement readings to be in error by roughly the same amount) In most cases,
f a USM can help eliminate or, at least, minimize the systematic measurement error of the m
to the reference used. For a detailed description of uncertainties and errors in flow metering,

chining tolerances, variations in component manufacturing processes, variations in the

hinimize flow measurement error, a particular USM can be.flow calibrated and the calibration
rect or compensate for the measurement error of the ‘yneter. More than one error correq
available to the manufacturer depending on the meterapplication and the needs of the operat

g is a description of an error correction technique\that utilizes a single meter correction factor
bd mean error (FWME) factor. If the flow measurement output of a USM is very linear over
flow range of the meter, the FWME correction method is effective at minimizing the bias of
r single meter-factor correction techniqués-are also available. If the flow measurement output
-linear over the operational range of theimeter, more sophisticated error correction techniques
For instance, a higher-order curve-fit:algorithm, such as a second-order or third-order polyno

ulating the FWME, it may(be" appropriate to determine the zero error from the flow calibre
to apply this so that the )deviation curve becomes as flat as possible. After determining
zero error, the FWME ¢an be determined as detailed in B.2.

nple of a flow-weighted mean error calculation

b correction factor can be applied to the output of the meter. Application of this factor to the ou
analogous to the use of an |ndex gear ratlo in a turbine or rotary flowmeter As noted in B.1,

of the FW
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minimize the flow measurement uncertamty of the meter

The following example demonstrates how to calculate the FWME.

A 200 mm diameter USM has been flow calibrated (see data set in Table B.1) under operating conditions
similar to those that the meter would experience during field service. An adjustment factor (a flow
measurement error correction factor) is determined and then applied to the test results such that the resulting
FWME is equal to zero.
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Table B.1 — Flow calibration data table for 200 mm diameter USM

Standard Nominal Actual test rate Actual rate USM error
from reference meter from test meter o
test rate test rate q 7 %
v, ref V,i
4y, min 950 930 938,862 9 +0,953 0
0,10 9y max 1900 1950 1957,3320 +0,376 0
0,25 ) max 4750 4780 4 764,799 6 -0,3180
0,40 ) max 7 600 7 650 7 625,902 5 -0,3150
0.70 g3 max 13 300 13 250 13 200,710 0 -0,3720
9y, max 19 000 18 950 18 880,643 0 -0,366 0
The]FWME for the data set presented in Table B.1 is calculated as follows:
— Z[(qV,i/QV,max)EiJ
E(gy )= (B.1)
Z(qV,i lay, max)
where

9y iy, max IS @ weighting factor, f;;

E.

1

App

Table B.2.

ying Equation (B.1) to the test data in TableiB.1 (g max

is the indicated flow rate error, expressed’as a percentage, at the tested flow rate

qy, i

=19 000) produces the resulty shown in

Table B.2 — Flow-weighted mean-error calculation summary for 200 mm diameter UFM

Indicated flow rate Weighting.factor Indicated flow rate error Weighted flow ratel error
gi 1 =919y, max E; JiE;
938,862 9 0,049 414 0,953 0 0,047 091
1957,3320 0,103 017 0,376 0 0,038 735
4 764,799 6 0,250 779 -0,3180 -0,079 748
7 625,902'5 0,401 363 -0,3150 -0,126 429
13 20047100 0,694 774 -0,3720 -0,258 456
18.880,643 0 0,993 718 -0,366 0 -0,363 701
D"/, = 2,493 066 >, E; =-0,742 508

As a result:

> 1 E

>

=-0,742 508/2,493 066

E(qy)

—-0,297 829 28
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The single adjustment factor, F, to be applied to the output of a USM can be calculated from Equation (B.2):

100

100 + E(qy)

(B.2)

Given a FWME equal to — 0,297 829 28, the resulting adjustment factor, F, is calculated as 1,002 987. If this
adjustment factor of 1,002 987 is applied as a multiplier to the output of the USM, the calculated FWME then
equals zero. This is shown in Table B.3, where each E; has been adjusted to obtain a calibration factor-

adjusted val

ue, E; o using Equation (B.3):

1

Tabje B.3 — FWME-corrected flow calibration data summary for a 200 mm diameter USM

1

P VNP
E;, 4= (EF1007—100

B.3)

Indigated flow rate error | Calibration factor-adjusted Weighted calibration factor-adjusted
flow rate error flow rate error
E; Ei, cf Ji Ei, cf
0,9530 1,254 566 0,061.993
0,376 0 0,675 842 0,069 624
-0,318 0 -0,020 23 -0,005 074
-0,3150 -0,017 22 -0,006 912
-0,3720 -0,074 39 -0,051 686
-0,366 0 -0,068 37 —-0,067 945
> /i Ej ¢ =0,0000
As aresult:
= 0,0000
E = ——————=0,000
(@) F 3 293 066
In Figure B{1, the FWME-corrected ‘flow calibration data have been added to the test data presentefd in
Table B.1. The triangular data‘points represent the error of the meter after a FWME adjustment factgr of
1,002 987 has been applied.te‘the original flow calibration data.
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Figure B.1 — Uncorrected and FWME:corrected flow calibration data plot for 200 mm diameter USM
Figdre B.1 shows that, for gas flow rates above about 25 % of the capacity of the meter, the mpasurement
error has been virtually eliminated\by applying a single FWME correction factor to the entire set|of flow test
datg. However, for flow rates bielow about 25 % of the capacity of the meter, the FWME correctipn does not
completely eliminate the measurement error because the USM has a non-linear characteristic oven this portion
of its operating range. Therefore, the user needs to either accept the higher measurement erroif on the low
end| of the operationalkrange of the meter, or apply a more sophisticated correction scheme tp reduce or
eliminate the measurement error at the low end of the range of the meter.
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Annex C
(informative)

The flow reference meter method for USMs in series

C.1 General

With two U
employed td

The purpos
a) means

b) control

providing an extremely efficient means of demonstrating compliance with custedy transfer requiremen

Examples 0

C.2 Syst

C.2.1 Ste

Establish a
metering cg

monthly difference footprints (MDF) at regular intervals during operation (every month for the last month)

Figure C.2)
shutdown, V

EMs operating in series, a systematic approach, the flow reference meter method (FRMM) ;ma

e of the FRMM is to provide:

f the use of the FRMM can be found in Reference [53].

bmatic approach to the flow reference meter.method

monitor the quality of the meters (with the exception of common-mode errors).

to re-establish traceability in situ after having repaired one of two meters in séries;

limits for evaluation of meter performance of two meters in series-during normal opera

b 1

nd maintain the historic difference footprint (HDF), the difference between hourly volume tota
nditions for various flow rates within working range, since first start-up (see Figure C.1). Esta

Only hours containing stable flow."conditions may be included. Hours containing star
vet gas or other instabilities may be-disregarded.
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Figure C.1 — Historic difference footprint (HDF)
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Figure C.2 — Monthly difference footprints (MDF)
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Figure C.3 — Historic difference histogram (HDH)
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NOTE The dark bars denote month 1 data while the light bars denote those of month 2.

Figure C.4 — Monthly difference histograms (MDH)
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C.2.2 Step 2

Determine control limits for the change, 4, of the MDF or MDH from the HDF or HDH or from the MDF or MDH
of the previous month. The control limits may be based on the uncertainty of the USMs (+20, where ois the
standard deviation, relative expanded uncertainty with coverage factor k = 2).

The actions that are valid when re-establishing traceability and for evaluation of meter performance are listed

in Table C.1 for each control limit. The control limits are valid in the working range (20:1) (The FRMM uses
similar control limits to those in API MPMS 13.2:1996[34], Table 14).

Table-Et—e Himits-witt ”  orsfor-the-FRMM

Control|limits Actions Evaluation
(when re-establishing traceability after having repaired a meter) (of meter performance
lal<1gq(k="1) Original calibration certificate is considered still valid. OK
|A| <2d(k=2) Adjust calibration curve to match reference meter values. Warning: Look for systematic
= Traceability through reference meter calibration certificate. shifts in footprint.
Adjust calibration curve to match reference meter values. Action: Look for signs of wet
Traceability through reference meter calibration certificate. gas, unusual process

conditions, evaluate sound

|A | < 34 (k=3) Evaluate the need for recalibration in an accredited calibration velocity profile, etc.

laboratory based on maintenance history for both ultrasofic/gas
meters, i.e. number of transducer replacements and number and
size of previous adjustments of calibration curves.

|4l < 4d (k= 4) Recalibrate in an accredited calibration laboratory:; Tolel"anc'e: Consider
recalibration.

Service and check to be performed by supplier. Recalibrate in an | Fault: Consider service and

4o< |4l accredited calibration laboratory. recalibration.

C.2.3 Step 3

If an error ¢ccurs, the faulty meter may«be repaired and put back in operation as a check meter. The dther
ultrasonic gps meter is a duty meter and js used as the reference meter in the FRMM.

C.2.4 Step 4

The two UBMs are then <compared using the MDF or MDH. Sufficient basis may be established bgfore
conclusiong are drawn andcomparing the two meters for at least one month may be considered.

C.2.5 Step 5

The established HDF or HDH and the MDF or MDH prior to the error occurring may be compared with the
MDF or MDH established after the error was corrected (see Figure C.5). Changes in MDF shape, shift in MDF,
and size of 4 shall be considered. Determine actions based on the control limit criteria.
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Figure C.5 — Comparing monthly difference footprints (MDF) before, during and after erro
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situation

If the size of 4 exceeds the action limit‘when evaluating meter performance, prior to any action being taken,

troupleshooting should be performed to determine, if possible, which meter is drifting.

© 1SO 2010 — All rights reserved

4l


https://standardsiso.com/api/?name=7fca6178a8dad6e089c6bde740586de7

ISO 17089-1:2010(E)

Annex D
(informative)

Documents

In other clauses of this part of ISO 17089, documentation has been required on accuracy, installation effects,

electronics,

documentatg

correct con

ultrasonic transducers, and zero flow verification. In addition to the above mentioned

Gata Cet atCS—ant—CGoOCU - atio pr a

perate correctly. This includes an opéra

. OoTG—pPTOVv cl

iguration, set-up, and use of the particular meter to o

manual, prgssure test certificates, material certificates, measurement report on all geometrical parametefs of

the meter b

The manufgcturer should provide at least the following documents:

a) adesc
b) a persq

C) anomsg

d) an ass¢mbly drawing with identification of the component parts listed’inthe nomenclature;

e) adime
f) adraw
g) adime
h) adraw

i) adraw

j) instructions for installation, operation;.and periodic maintenance;

k) mainte
) adesc
m) adesc
n) alist of

0) adesc

bdy, and certificates specifying the zero flow verification parameters used.

iption of the meter giving the technical characteristics and the principle of its"eperation;
ective drawing or photograph of the meter;

nclature of parts with a description of constituent materials of such parts;

sioned drawing;

ng showing the location of verification marks and seals;

nsioned drawing of essential metrological components;

ng of the data plate or face plate and of the arrangements for inscriptions;

ng of any auxiliary devices;

hance documentation including third party drawings for any field repairable components;

iption of the electroni® signal processing unit, arrangement, and general description of operatign;

=

iption of the available output signals and any adjustment mechanisms;
electronic interfaces and user wiring termination points with their essential characteristics;

iptian‘of software functions and operating instructions;

p) docum

| torthatthe-destarard . it ME— tations:

gq) documentation that the performance of the meter meets the requirements of 5.8;

r) documentation that the design of the meter successfully passed the tests in 6.2;

s) minimu

m upstream piping configurations which do not create an additional error of more than 0,3 %;

t)  maximum allowable flow profile disturbance which does not create an additional error of more than 0,3 %;

u) a field verification test procedure as described in Clause 7;

v) a list of the documents submitted.
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All documentation shall be dated.

After receipt of order, the manufacturer shall furnish specific meter outline drawings including overall flange
face-to-face dimensions, inside diameter, maintenance space clearances, conduit connection points, and
estimated mass.

The manufacturer shall provide a recommended list of spare parts.

The manufacturer shall also furnish meter-specific electrical drawings showing customer wiring termination
points, and associated electrical schematics for all circuit components back to the first isolating component;
e.g. optical isolator, relay, and operational amplifier. This enables the designer to properly design the
inteffacing electronic circuits.

Prior to shipment of the meter, the manufacturer shall make the following available for review-by an inspector:
methllurgy reports, weld inspection reports, pressure test reports, and final dimensional -measyrements as
required in 6.2.1.
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Annex E
(informative)

Detailed calculation of geometry-related temperature
and pressure corrections

E.1 General background
This annex |provides a method of estimating the systematic errors due to meter geometry changes regardless
of the partiqular type, make or model of time-of-flight meter or of the fluid being used.
Geometry change causes two primary effects:
a) it changes the actual acoustic path length and path angle between a given transducer pair [and

consequently, if uncorrected, introduces a path velocity error and hence givesisg to a flow error;
b) any digmeter change results in an area change and, if ignored, introduces ‘a/further flow error.
For any given path, Equation (11) can be rewritten in the following form_in‘terms of the meter inside dianeter
of the meter body, d, the path-length, lp, and the transducer axial separation, x, rather than path angle, ¢

Ma? 1?21 1
Gy = | E.1)
4 2x tAB tBA

For the simple meter arrangement shown in Figure 4, x’is obtained from simple trigonometry as:

x=1,cpsg
The ratio bgtween ¢, ( at a reference calibration condition and ¢, | at different conditions can thereforg¢ be
written as a|flow correction factor, g 1(g},", given by:

2 2

gr,0 |\do) (o) ¥4
This form i$ useful singe-it separates the flow area effect, 42, from the path-length effect, /2, from the axial
extension effect (or path angle effect), x.
Alternatively, an.equation equivalent to Equation (E.2), but expressed as a relative flow error, Ag;/q,, cah be
used:

A

v,10 _ 9r.1 _1 (E.3)
qy qy,0

In a multi-path flowmeter, the effect has to be calculated for each of the individual paths and the effect on total
flow obtained after integrating the flows once the path weightings have been applied.

The results for a single diametral path are used to provide an estimate of magnitude of the required geometry

corrections.
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The temperature and pressure are independent effects that need to be evaluated separately, but both effects
need to be taken into account for a given situation. The respective effects can work either in the same
direction or in opposition to each other. For example, a pressure increase associated with a temperature
decrease partly cancel each other out while a pressure increase in combination with a temperature increase
(or pressure reduction in association with a temperature reduction) reinforce the correction effect needed.

Since the physical dimensions of the meter are most likely to have been measured under static calibration
conditions, the flow calibration carried out under dynamic calibration conditions, and the meter used under
field conditions, the calculation of the flow correction required between dynamic calibration and field conditions
can be carried out as a three stage process.

Firs}, calculate the flow correction from static calibration to dynamic calibration using:
2 2

£=[ﬂ] (1_1J [x_oj (E.4)

ar,o \do) (o) \ ¥
Secpnd, calculate the flow correction from static calibration to field conditions using;

2 2

ar,o \do) (o) \x2

Third, calculate the difference between dynamic calibration and figld’conditions using:
2 2

qV,2:CIV,2 QV,OZ(d_z] (I_ZJ (ﬂ} (E.6)

v, qr,o 9r,1 \dq) (L) \x2
or ajternatively:

A

dv,21 _4v.2 _1 (E.7)
dy qy .1

Thig three stage approach is usefulif a check on the actual physical dimensions at intermediate sfages within
the |calculations is required as)-for example, might be the case if specific dimensions are to bé compared
agalnst FE modelling. However, as can be seen in Equation (E.6), the calculation can be carried o{it in a direct
single stage (from dynamic-calibration to field operation conditions) rather than in the more lengthy|three stage
progess since the aectual flow correction between these two conditions involves the relative| change in
dimensions, not the“absolute values.
E.6.4 and E.6:-5'provide a worked example of a direct single stage calculation and a three stage cajculation.
For meter bodies that are generally cylindrical in shape and either welded in or have attached flanges, a direct
calqulation from the physical characteristics of the meter can be performed. The direct calculation method is
described in E 2 _and is based on a six step process

Where the meter body is such that the body shape is not a simple cylinder, flanges take up a significant
proportion of the total body length or ports are not simple tubes, an FE model provides a more accurate
estimate of the body and port dimensions and consequent flow error obtained from Equation (E.2) than is
given by the direct calculations of Equations (E.3) to (E.6). E.3 provides guidance on the use of FE modelling
to predict the temperature and pressure expansion effects.
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E.2 Direct calculation

E.2.1 Step 1 — Body temperature effect

The effect of a temperature difference, AT, is relatively easy to account for since it expands the dimensions
according to:
l1 =lo (1+a AT)
X4 =X (1+a AT) (E8)
d»] =d( (1+OUA1)

Substituting the Equations (E.8) into Equation (E.2) gives:

Wt J(1+a AT)® =143 0 AT +3 (2 AT)? + (2 AT) E.9)

qy,0

Since a AT |s generally small, this can be simplified to:

WAl _143aAT (8.10)
qv,0 b T

where “b, T|" denotes body temperature, or alternatively,

Aqy
qy

3a AT (5.11)

E.2.2 Step 2 — Body pressure expansion

The effect gf a pressure change is to alter the'diameter and length of the meter body, but the actual change in
dimensions|depends on a number of factors including:

a) the thigkness/inside radius ratio of the meter walls (i.e. the ratio d/r);

b) the way the meter is supported’and attached to, or constrained by, adjacent pipework;
c) the rigidlity of the adjacent pipework;

d) any axigl loading;

e) the general geometry of the meter body and whether it has flanges;

f)  the slendemessratioof themeter (e theoverattbody fength/body diameter):

For generally cylindrical bodies, the equations of Roark (see Reference [74]) are used as the basis of the
analysis. These have for many years been taken as the fundamental basis for stress analysis of pressure
vessels and are derivations from the basic Lamé-Clapeyron equations of 1833.

For a thick-wall body (i.e. d/r > 0,1) with only radial internal pressure but no end loads (this is referred to as
the “no-ends” condition) and positions well away from ends, Reference [74] gives:

2 2
A AR (E12)
7 E R2_I"2
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Ax —Apu 272
— =g (Rz—rz (E.13)

And for radial internal pressure plus pressure end load (this is referred to as the “capped-ends” condition) and
positions well away from ends, Reference [74] gives:

2 2
Ar _Ap Re(1+u)+r(1-2 u) (E.14)
r E R2—r2
2
1-2
Ax_Ap M (E.15)
X E R2—r2

where
4 is the Poisson ratio, equal to 0,3 for steel;
R is the outside radius in the same units as r.

For ja thin-wall body (d/r < 0,1) for only radial internal pressure (no‘ends) and positions well away from ends,
Reference [74] gives simpler equations:

Ar _fpr (E.16)
r ES
A _—Aprp (E.17)
x ES

And| for capped-ends:
A _Mpr 1M (E.18)
r ES 2
Ax Apr
= _ 0,5- E.19
=5 (05-4) (E.19)

For|the purposes—of this part of ISO 17089, for all meter types, the meter ends are assymed to be
uncpnstrained-and free to move axially.

It should Bbe 'noted that for positions away from ends, the thick-wall Equations (E.12) to (E.15) afe the more
exattssince they also cover the simpler case of thin-wall pipe.

Consequently, for all meter body types, thick-shell theory [Equations (E.12) to (E.15)] is the preferred
approach since this is more general than thin-shell theory [Equations (E.16) to (E.19)]. Essentially, the choice
of whether to use thin- or thick-shell theory is based on the ratio 6/r. In practice, this effectively means that the
choice of equations is related to the pressure rating of the body since meters for high-pressure systems have
thicker walls than meters for low-pressure systems. When designing a meter spool calculated in accordance
with the ASME rules and using one of the most common steel types (A333 steel), all meters up to ANSI 900
fall in the range that can be handled by thin-walled pipe equations; this is also true for many of the ANSI 1500
meters made from high tensile steel.

Thin-wall equations are generally not used where /> 0,1 but can be used as described in E.4, for the

purposes of this part of 1ISO 17089, for thick-walled vessels in combination with FE modelling (E.3) if the
limitations are understood as an alternative to applying the style correction given in E.2.3.
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E.2.3 Step 3 — Correction for body style effect or proximity to flanges

If portions of the ultrasonic path are closer than one outside pipe diameter to flanges or the body is of irregular
shape, the radial expansion is, due to local stiffening effects, less than that indicated by Equations (E.12) and
(E.14) [or (E.16) and (E.18) for a thin-walled body]. To compensate for this local stiffening effect, a “style
correction factor”, K, is used.

K, is always less than or equal to 1. The value of K to be used for a given body type is as follows:

a) for a welded-in body with no flanges within 2R of the ultrasonic transducer locations, K = 1, i.e. the meter
body bghaves as a simple pipe;

b) for a flanged meter body (e.g. consisting of two flanges welded to a pipe), or welded-in design where
neighbpuring flanges are within 2R of the transducer positions, the value of K is calculated as,in the pext
paragraph.

For the purpose of this part of ISO 17089, it is assumed that the diametral expansion varies-linearly from gero
at the flange to the value given by Equations (E.12) and (E.14) [or (E.16) and (E.18)-for thin-wall] at|one
outside diameter of the meter body, D, or greater from the flange. It is also assumed.that the flange corregtion
only affects|the radial expansion of the body, not the linear expansion in the vicinity of the ultrasonic paths

~

The transdycer port positions are shown in Figure E.1 in terms of the outside.diameter of the meter body, |

yD X . zZD

v

wD

aD

Key
outside diameter of the meter body

=0

mid-pathl position
factor to [express the distance-from flange to mid-path position in terms of D

=

xo distance|between transdueers Y and Z
transducer location
factor to [expressithe distance from flange to transducer Y location in terms of D

NS <

transducer lecation
factor to [express the distance from flange to transducer Z location in terms of D

(]

Figure E.1 — Transducer port proximity to flanges
Since the ultrasonic path covers a range in axial distance from a flange, the average path distance, w, D, is
calculated from three positions on a given path; W, at the mid-path position and Y and Z, at the actual
transducer locations. The distances to the nearest flange are measured from positions W, Y, and Z.

Where the transducers of the meter are clearly all closer to one flange than the other, the alternative
arrangement shown in Figure E.2 is used.
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A stiffening effect also occurs near any part of the body which has features such as branches or w
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Figure E.2 — Transducer port proximity to flanges\~— Long meter with offset transdu

| be limited to a value of 1.

average path distance from a flange is*¢alculated from:

WaD:{M}D
3

style correction, K, is-obtained using:
S

k. =Y
1

erallysereate less of an effect than proximity to flanges since they typically occupy only a sma
pody.circumference.

cer

calculation

(E.20)

(E.21)

elds. These
Il portion of

E.2

The

©IS

.4 Step 4 — Combined pressure correction effect

radial expansion of the body, including flange correction, is calculated from:

d1:do[1+1<sMJ:do(1+Ks£):ﬁ:1+KS£
d v d r
0 0
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The path length is calculated from:

18 =(N+1)2dg? +xy?

12 =(N+1)% d? + x,°

where Nis t

(E

(E

he number of bounces along a given path (for a single traverse path).

23)

24)

Hence, for a given meter with a known wall thickness, ¢, and initial geometry x,, dy, and [, at dry-calibration
conditions, the revised dimensions x4, d4, and /; can be calculated for the pressure difference using

Equations (

The flow co

|

where “b, p’

9y 1

qy.,0

The error d
should be
process sufi

E.2.5 Ste

E.251 G
In addition

lengths of t
acoustic pal

effects on the ports to be estimated. Figure E.3 shows the port geometry dimensions used for this assessr

F22) o (E.24).

rrection factor is then calculated using:
[ jz( jz( J

denotes body pressure.

a4y
dy

I
lo

X0
X1

(8
b, p

Calculated to give a range of correction factors. This range{Should generally be small and
ficient to provide an indication of the flow correction required:

p 5 — Expansion effects in the transducer ports

eneral

o the effects that pressure and temperature changes have on the meter body they also alter
ne transducer ports. This actually moves the position of the transducer face and hence affectg
th length. Although this effect is genetally small, a simple procedure is included here to allow

25)

orrection obtained from Equation (E.25) for the no-ends case’and for the capped-ends cases

the

the
the
the
nent.

Key

D outside diameter of the meter body

d

o

Iy length to

inside diameter of the meter body
path length

the transducer face

Figure E.3 — Transducer port dimensions

Temperature and pressure corrections are treated separately and, for both, the only effect that is considered
here is the path length change.
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