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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and
non-gaovernmental, in liaison with ISO_ also take part in the wark [SO collaborates closely with the
Interpational Electrotechnical Commission (IEC) on all matters of electrotechnical standardization

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.

The main task of technical committees is to prepare International Standards. DraftyInternationpl Standards
adopied by the technical committees are circulated to the member bodies fer’.voting. Publigation as an
Interpational Standard requires approval by at least 75 % of the member bodies casting a vote.

Attention is drawn to the possibility that some of the elements of this document may be the subject of patent
rightg. ISO shall not be held responsible for identifying any or all such patent rights.

ISO 15970 was prepared by Technical Committee ISO/TC 193, Natural gas.

© 1SO 2008 — All rights reserved \4


https://standardsiso.com/api/?name=ed5bd7d867352c81aa4884f7792cee08

ISO 15970:2008(E)

Introduction

The transmission of natural gas can involve passage across national boundaries; at border stations and
elsewhere, knowledge of the physicochemical properties of the fluid is of great operational and economic
importance. The energy flow and properties of the gas are required at several stages of the overall production
and custody transfer process: production, blending, transmission, metering, distribution and supply.
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INTERNATIONAL STANDARD ISO 15970:2008(E)

Natural gas — Measurement of properties — Volumetric
properties: density, pressure, temperature and compression
factor

1

cope

This [international Standard gives requirements and procedures for the measurement of the properties of

natu

opergting conditions, pressure, temperature and compression factor.

Only
of ng
deter

This
of int

NOTH

regulations for the use of these devices for commercial or official trade purposes.

The
requi

Dens
obse
dens
250 K

Presy
analg
corre

| gas that are used mainly for volume calculation and volume conversion: density at reference and at

those methods and instruments are considered that are suitable for figld operation under the conditions
tural gas transmission and distribution, installed either in-line or on-line, and that do not involve the
mination of the gas composition.

nternational Standard gives examples for currently used insttuments that are available commercially and
brest to the natural gas industry.

Attention is drawn to requirements for approval of-hational authorization agencies and to [national legal

Hensity at reference conditions (sometimes-réferred to as normal, standard or even base density) is
red for conversion of volume data and can®e used for other physical properties.

ity at operating conditions is measured for mass-flow measurement and volume conversion using the
ved line density and can be used for other physical properties. This International Stapdard covers
ty transducers based on vibrating elements, normally suitable for measuring ranges df 5 kg/m3 to
g/m3.

ure measurement deals -with differential, gauge and absolute pressure transmitters. It cqnsiders both
gue and smart tranSmitters (i.e. microprocessor based instruments) and, if not specified otherwise, the
sponding paragraphs refer to differential, absolute and gauge pressure transmitters without distinction.

Temperature measurements in natural gas are performed within the range of conditions junder which

trans
resis

The

Mmission and distribution are normally carried out (253 K< T'< 338 K). In this field of application,
ance thermometer detectors (RTD) are generally used.

symb

compression factor (also known as the compressibility factor or the real gas factor apd given the
i ' i i i ' ' onversion of

volume at metering conditions to volume at defined reference conditions can properly proceed with an
accurate knowledge of Z at both relevant pressure and relevant temperature conditions.

2 Normative references

The

following referenced documents are indispensable for the application of this document. For dated

references, only the edition cited applies. For undated references, the latest edition of the referenced
document (including any amendments) applies.

ISO 2186, Fluid flow in closed conduits — Connections for pressure signal transmissions between primary
and secondary elements

©I1SO

2008 — Al rights reserved 1
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ISO 5167-1, Measurement of fluid flow by means of pressure differential devices inserted in circular cross-
section conduits running full — Part 1: General principals and requirements

ISO 6976, Natural gas — Calculation of calorific values, density, relative density and Wobbe index from
composition

ISO 10715, Natural gas — Sampling guidelines
ISO 12213-1, Natural gas — Calculation of compression factor — Part 1: Introduction and guidelines

IEC 60079-0, Explosive atmospheres — Part 0. Equipment — General requirements

IEC 60079-1} Explosive atmospheres — Part 1: Equipment protection by flameproof enclosures “d”
IEC 60079-1{1, Explosive atmospheres — Part 11: Equipment protection by intrinsic safety “i”
IEC 60079-14, Explosive atmospheres — Part 14: Electrical installations design, selectionand erection

IEC/TR 60079-15, Electrical apparatus for explosive gas atmospheres — Part 15{ Construction, test and
marking of tyjoe of protection 'n' electrical apparatus

IEC 60381-1} Analogue signals for process control systems — Part 1: Direct current signals
IEC 60381-2| Analogue signals for process control systems — Part 2: Direct voltage signals
IEC 60751, Ihdustrial platinum resistance thermometer sensors

IEC 60770-1} Transmitters for use in industrial-process contral systems — Part 1: Methods for perfornjance
evaluation

3 Terms|and definitions

For the purpgse of this document, the following térms and definitions apply.

3.1 Terms and definitions for density at reference conditions

3141
density at r¢ference conditions
mass of a gas divided by its&volume at specified reference conditions of pressure and temperature

3.1.2
relative density at reference conditions
ratio of the mass.,of’a'gas, contained within an arbitrary volume, to the mass of dry air of standard compasition
in accordange~with ISO 6976, which would be contained in the same volume at the same referTnces
conditions

3.2 Terms and definitions for density at operating conditions

3.21

density

mass of a gas divided by its volume at operating conditions of pressure and temperature (operating and
reference conditions)

2 © 1SO 2008 — All rights reserved
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3.2.2

vibrating element density transducer

device that contains a vibrating element that is maintained at its natural frequency, made such that the
element contains or is surrounded by gas, the gas and the element forming a system where the density of the
gas is the main property of the gas determining the natural frequency of the element

NOTE The natural frequency to the first approximation is determined by the gas density.

3.23
main density transducer constants

constants that, to a first approximation, define the relationship between the natural frequency of the vibrating
elempntand-the-densityof the gas

3.24
raw dlensity
densjty as determined by a vibrating-element density transducer from its vibrating frequency Qy use of the
main| density transducer constants before any corrections for temperature, pressure and composition are
applied

3.25
corriction density transducer constants
consfants applicable to a density transducer to correct for the devjatioh between the calibratjon condition
undef which the main constants were determined and the operating-conditions

3.2.6
temperature-corrected density
raw density corrected for difference in temperature to which’the vibrating element is exposed in gperation and
the tgmperature at which the density transducer was calibrated

3.2.7
compositional-corrected density
tempprature-corrected density, corrected for(difference in gas properties between gas to which|the vibrating
element is exposed in operation and the gassproperties of the gas used for calibration

NOTH Normally, the gas property relevant for this purpose is velocity of sound, hence this term is ofter] referred to as
velocity-of-sound-corrected density.

3.2.8
line density
compositional-corrected\density, corrected for difference in operating conditions, e.g. pfessure and
tempprature, to whigch,the vibrating element is exposed and the operating conditions in the lije where the
density is measured

3.3 | Terms:and definitions for pressure

3.31
presstfe-transmitter
device that responds to a measured pressure to produce a standard output signal for transmission, which has
a prescribed continuous relationship to the value of the measured pressure

3.3.2

lower range value

LRV

lowest value of the pressure that a transmitter is adjusted to measure

3.3.3

upper range value

URV

highest value of the pressure that a transmitter is adjusted to measure

© 1SO 2008 — All rights reserved 3
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3.34
span
algebraic difference between the upper and lower range values

3.35
static pressure
pressure that would be measured by a pinpoint observer travelling with a particle of the fluid

3.3.6
absolute static pressure
static pressure of a fluid measured with reference to an absolute vacuum

3.3.7
gauge pressure
difference bdtween the absolute static pressure of a fluid and the atmospheric pressure at the place and time
of the measurement

3.4 Terms and definitions for temperature

3.41
temperature transmitter
device that responds to a measured temperature to produce a standard output signal for transmission, yhich
has a prescriped continuous relationship to the value of the measured temperature

3.5 Terms and definitions for compression factor
3.5.1
least squargs method
method used to compute the coefficients of the equationswhen a particular form of equation is chosgn for
fitting a curve data

NOTE THe principle of least squares is the minimization of the sum of squares of deviations of the data from the
curve.

4 Symbgls and units

4.1 Symbpls and subscripts)for density at reference conditions

Symbol Quantity Unit
k) Ratio of Z(p, T) and Z,, —
p Absolute pressure Pa
P Density kg/m3
T Thermodynamic temperature K
VA Compression factor —

Subscripts
A Standard air
Measured gas/measuring chamber
n Reference conditions

r Reference chamber

4 © 1SO 2008 — All rights reserved
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4.2 Symbols and subscripts for density at operating conditions
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Symbol Quantity Unit
C Velocity of sound m/s
C, Velocity of sound in calibration gas m/s
Cq Velocity of sound in gas in density transducer m/s
F Frequency g1
KK, K\2 Density transducer constants b
o Raw density kg/m3
o) Temperature corrected density kg/m3
o Compositional corrected density kg/m?®
Line density kg/m3
T, Calibration temperature K
l Calibration temperature °C
Ty Temperature in density transducer K
T Temperature in pipe K
ty Temperature in density transducer °C
0 Temperature in‘pipe °C
Py Pressure in density transducer Pa
)2 Pressure in pipe Pa

@  The number of constants () can vary forlthge different types of density transducers. The manufacturers are allowed to use a
numbgring system for constants different from the one used throughout this International Standard.

b The unit of the various constants shalhbe such that all terms in Equations (4) and (5) come out with unit kg/m3.

Subscripts
L Pipe or line
d Density transducer

4.3 [ Symbols and subscripts for compression factor

Symhol Quantity Unit
v, Volume of the small vessel in the Z-meter m?3
Vs, Volume of the large vessel in the Z-meter m3
Vs Sum of volumes ¥, and ¥, m?3
)2 Line pressure Pa
)2 Pressure before expansion Pa
D3 Pressure after expansion Pa
Z, Compression factor at conditions p, and T —
Z, Compression factor at conditions p, and T —

© 1SO 2008 — All rights reserved
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Zy Compression factor at conditions p; and T —
ky Ratio of volumes V, and —
By(T).B,(T) Coefficients of the polyr)omial of the compression a
factor as a function of the pressure

T Temperature of the Z-meter K
t Temperature of the Z-meter °C
Z Compression factor —
kz Ratio of Z(p,T) and Z, —
ab Coefficientsimthe-function-for-the-transfer-in —

’ temperature
e f g Coefficients in the function for the transfer in b

pressure

@ The units

b The units

pf B(7') and C(T") shall be such that all resulting terms in Equations (9) and (10) are dimensionless.

bf ¢, fand g shall be such that all resulting terms in Equation (12) are dimensionless.

Subscripts
initial conditions
final conditions

reference conditions

5 Density at reference conditions

5.1 Principle of measurement

5.1.1 Gendral

Two basic pr

a) direct m
balance

b) indirect

nciples are used for measuring, the density at reference conditions:

easurement, for example- determining the buoyancy force of a defined volume of gas v
system;

measurement, for.example determining the natural frequency of a vibrating element, wh

influencg¢d by the density of the medium in which the element vibrates.

5.1.2 Balanpce system

The apparat:AFs medsures the buoyancy force of a closed, gas-filled glass bulb in an atmosphere of gas w

density at re

fence conditions is being determined (see Figure 1).

ith a

ch is

hose

The glass bulb is fitted to a balance beam with an open glass bulb as a counterweight. This weighing system
is mounted in a chamber through which the gas being tested is passed. Either the displacement of the
balance beam or the force that is necessary to compensate the displacement can be taken as a measure for

the density.

A correcting system compensates for the temperature and pressure fluctuations of the measuring chamber.

5.1.3 Vibrating element system

Two different systems are commonly used. Each consists of two chambers. One chamber is filled with a
reference gas that is similar to the gas being measured and sealed from the atmosphere. The gas being
tested is continuously passed through the other chamber. A pressure equalizer ensures that the pressure in

© 1SO 2008 — All rights reserved
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the measuring chamber is equal to the pressure in the reference chamber. The housings of the systems are
designed in such a way that both gas chambers have the same temperature (see Figures 2 and 3).
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Figure 1 — Gas density balance system
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Figure 2 — Gas densitometer with one vibrating element
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Figure 3 — Gas densitometer'with two vibrating elements

Gengrally, the density, p, is as given by Equation,(1):

wher

W

B is the pressure;

T is the thermodymamic temperature;
%, is the ratie*(Z/Z,)) of the compression factors;

m is\the subscript indicating that the values are at reference conditions.

With pqnal pressure and temperature in the reference chamber (qnhqr‘rip’r r) and measuring chamber
(subscript m), the ratio of the respective densities is given by Equation (2):

Pm _ Prm ki 2)
Pr Pny ken

Assuming that k, /k,,, is a constant, which is a good approximation for low pressures and means that the gases
are similar, the quotient of the densities of the gas to be measured and of the reference gas is directly
proportional to the density at reference conditions, as given in Equation (3):

©)

© 1SO 2008 — All rights reserved 9


https://standardsiso.com/api/?name=ed5bd7d867352c81aa4884f7792cee08

ISO 15970:2008(E)

where £ is a constant.

The difference between the two systems is that one uses two vibrating elements to measure the density, one
in the reference chamber and one in the measuring chamber, whereas the other system has one vibrating
element system inside the measuring chamber and uses the fact that the design of the system ensures that
the density of the sealed reference gas is constant. The function of a vibrating element system is discussed in

6.1.

5.2 Performance assessment and acceptance tests

5.2.1 Requirements

The necesss

characteristig
a) accurac
b) safety,

c) reliability
d) insensiti
e) installati
f) respons

g) robustne
h) handling
i) data har

j) costs.

5.2.2 Perfa

The manufa
performance
Guidance an

The tests sh
reference co
tested. The g

a) the temy

b) the oper

ry requirements depend on the purpose of the measurement. The requirements affect Sg
s of the instrument such as

, sensitivity,

, long-term reproducibility,
veness to disturbances,

bn and calibration features,
b time,

Ss,

and maintenance features,

dling, connections,

rmance tests

turer shall perform extensive laboratory tests on a selected number of instruments to veri
of the instrument type and to ensure that its own and the purchasers' requirements are
d recommendations are given in IEC 60770-2.

bll be carried out-by connecting the instrument to reference gases with appropriate densit
nditions and yarying the parameter of interest to establish the influence on the instrument
arameter can.be, for example

eraturetof the sample gas,

ating ‘pressure,

veral

y the
met.

es at
being

c) the ambient temperature and pressure,

d) the flow

rate through the instrument and back-pressure effects,

e) the humidity of the sample gas,

f)  the supply voltage,

g) the mounting position,

h) the magnetic and electric fields,

i) contaminents within the gas sample.

10
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To check for effects due to gas composition, tests should be carried out using reference gases with different
compositions but similar densities at reference conditions. Tests for checking repeatability and long-term drift
shall be performed under field conditions also.

The results of all tests shall be properly reported and made available to the user of the instrument.

Prior to delivery, the manufacturer shall carry out a metrologically traceable factory acceptance test to ensure
proper operation for each instrument yielding individual test certificates. An example of a scheme for the
factory acceptance testing is given in Annex A. During this test, the vibrating element systems may be
calibrated whereas the balance systems shall be calibrated and carefully tested additionally on site.

Ac + ~f th 4 ry dad 52 for da
AS—ROSt-ote—testS—Tecommenaea——o—=—of uulloll.y =]

ting conditions, refer to 6.2 for a more extensive description.

NOT
opera

at—+eferen for density at

5.3 | Sampling and installation guidelines

The [nstallation guidelines of the manufacturer shall be observed. Since the instruments arg sensitive to

flucty

In or
point
be cg

Depe
conts
drop
The g

It shd
exam
gase

5.4

The {echnical manuals and manufacturers' instructions for calibration and recalibration and the

operItiOh, calibration and verification.

ations in temperature, special care shall be taken to meet the temperaturé~fluctuation req

er to minimize the reaction time of the measurement, pressure reduction shall be close to
and the whole piping shall be as short as possible. Another instrument (for example a calg
nnected to the same sampling line but each instrument shall have a separate vent.

nding on the sample gas condition, additional filters shall be installed to protect the ins
mination. Precautions shall be taken to prevent a change'in the gas composition due to a
caused by a reduction in pressure.

ample flow rate shall be controlled.

Il be possible to test and calibrate the system-by connecting reference gases to it. It shall bg
ple by the use of a double block and bleed’valve design, that valve leaks do not lead to a

p.

Calibration

lirements for

the sampling
rimeter) may

rument from
temperature

ensured, for
mixing of the

fequirements

of thg authorities stipulated in the approvals of the instruments shall be observed.

The $ystems shall be cdlibrated by connecting them to reference gases. These gases shall bg either one-
component gases of high purity (> 99,95 %) or reference gas mixtures.

One of the gases.shall have a density at reference conditions which is in the range of that of the ¢perating gas
and, for vibrating ‘elements, the same applies for Z,/Z and the velocity of sound.

Balanjce systems, which are very sensitive to environmental influences, shall be carefully tested gnd calibrated
on site: V|brat|hg eIement systems whlch are relatlvely robust may be calibrated in a Iaboratory or on site.
Howeé he reference

chamber for those reference chambers that are refllled on srte a recallbratlon on srte is requrred

A minimum calibration interval is one year, but shall not exceed five years. The user shall consider the
instrument's accuracy during operations and its financial impact on the results.

5.5

Verification

Verification of the correct operation and accuracy shall be performed at regular intervals by connecting the
system to a reference gas that has operating properties similar to those of the operating gas. In particular, for
all instruments, the reference gas shall have a density at reference conditions that is similar and in addition,
for vibrating elements, the same applies for Z,/Z and the velocity of sound properties should be similar.

This procedure may be performed automatically.
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The acceptable limits of the deviation shall be established on the basis of, for example, the manufacturer’s
recommendations using control charts or parties’ agreements.

If the deviations are within these limits, a correction may be applied to the measured values without
recalibrating the system; if the deviations are outside the limits, the system shall be recalibrated.

5.6 Maintenance

Filters shall be checked and replaced at regular intervals. The condition of the operating gas governs the
length of time between the checks.

5.7 Qualit

If there are t
an alarm shd

Alternatively,
intervals, the

the line, eithgr on-line or off-line.

6 Density at operating conditions

6.1

6.1.1
This principlg
depends on
determined.

The basic cq

equation as given in Equation (4):

pr =Ky

6.1.2 Temperature and pressure correction

The relationg
pressure. Th

The main red

Principle of measurement

Vibrgting element

y control

o density-measuring systems at one station, the results should be compared continuousl
uld be given if the deviation exceeds predetermined limits.

the proper functioning of the measurement system may be ensured by eomparing, at re
measured density with that calculated from a component analysis of a-gas sample taken|

b utilizes the fact that an element in a fluid_{sexcited to vibrate at its natural frequency

rrelation between density, p,, and the natural frequency, f, is represented by the second

1

+K1G]+K2(f]2

hip between the density and the frequency is, in principle, also affected by temperaturg
s requires the introduction of pressure and temperature correction terms.

sOn for the temperature and pressure correction is that the material properties, such as elag

and

gular
from

which

the density of the fluid. Hence, by measuring the natural frequency, the density cgn be

order

(4)

and

ticity,

of the vibratir

1 4 £ R 4 & ol A I 41 £ o 1
1Y TITTTITTIU al'© aliCUICU Uy ICTTTPCTAlUTT diTfu Pressurc. INUTITialry, thic pressurc Clicl s TITyny

ble.

The temperature effects can influence both the zero and the span. The correction can normally be expressed
as a first-order correction term as given in Equation (5):

pr=pe| 14 K3 (Tg=To) |+ K4 (Tg - T¢)

6.1.3 Velocity of sound (VOS) correction

©®)

The densitometer constants K, Ky and K, in Equation (4) also depend on the type of gas with which the
vibrating element is in contact.

12
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The gas quality parameter that best describes this dependence is the velocity of sound in the gas at operating
conditions.

Ko, K4 and K, in Equation (4) are determined by calibration using a particular gas. If the velocity of sound in
the gas for which the density is being determined is different from the velocity of sound in the calibration gas,
the density resulting from the simple relation in Equation (4) shall be corrected.

Equation (6) describes the correction:

1+K5riw i
\C

| —2 ®
1+ Ksg {fJ
(. cg

wherg ¢, is the velocity of sound in the calibration gas at the same conditions of pressure and tegmperature at
which the density, p,, is referred or at which the vibrating element is vibrating with the cprresponding
frequency.

For 4 given temperature and pressure, Cq depends on the natural gas cemposition. Typically, a ghange in the
composition of the pipeline gas, resulting in a change in g of 10 m/s;{can result in a change in the correction
term jn Equation (6) of 0,05 %.
cg can either be directly measured (e.g. special devices or sighals from ultrasonic flowmeters) or pe calculated.
cg ¢gn be calculated as a function of p; or py, Ty and.gas properties. Because p; depends ¢n ¢4 and ¢

depepds on p;, an iteration procedure is, in this case, required. For the calculation method, refer to the
manyfacturer's manual.

Howgver, the effect on the VOS correction factor of using p; instead of p; can be insignificant angl use of p; in
this term is acceptable to simplify the calculations.

Another alternative in order to avoid .iteration is to use p. from the preceding calculation sgquence; this
procgdure is valid only when therefissho change in the gas and its process conditions.

The VYOS correction factor can-be simplified and even omitted depending on the accuracy required by the
appli¢ation and the difference’between cq and c.

6.2 | Performancé assessment and acceptance tests
6.2.1| Requifements and performance assessments for instrument selection

6.2.1|1 General

The necessary requirements and assessment tests depend on the purpose of the measurement and the
conditions under which the instrument operates.

To allow the user to evaluate the performance of a type of transducer, the following special tests shall be
performed by the manufacturer or in co-operation with the user on a selected number of instruments to verify
the performance. Based upon those assessment tests, it shall be concluded which tests shall be performed on
the individual transducers and which test results can be regarded as common for the specific type of
transducers. The results from all tests shall be properly documented.

© IS0 2008 — Al rights reserved 13
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6.2.1.2 Sensitivity test

Apply a gas with known densities, including zero (vacuum), at a minimum of ten points spaced equidistant
throughout the required operating range of the densitometer at constant temperature. The required densities
are obtained by varying the pressure. The gas composition shall be constant during the tests.

The results of this test are used to establish the main constants. To develop the main constant, do not include
the result at zero (vacuum).

Through this test, the measuring range for the density transducers is determined within which the second-
order regression curve is valid.

6.2.1.3 Hysteresis test

Perform the |sensitivity test with steadily increasing and decreasing pressure over the operating prepsure
range.

The result ofithis test is the transducer's ability to repeat results at varying pressure.

6.2.1.4 Re¢peatability test
Repeat the hysteresis test consecutively a sufficient number of times to obtainda 95 % confidence level.

The result |of this test shows the transducer's ability to repeat. after several pressurizations| and
depressurizations.

6.2.1.5 Continuity test

Steadily and|slowly increase or decrease the pressure in the densitometer and continuously log the freqyency
output.

The result oflthis test shows the absence of discentinuities in the frequency output of the transmitter.

6.2.1.6 T¢st for temperature sensitivity

Perform the hysteresis test at a temperature well below and well above the normal calibration temperature.
The results df this test are used to determine the temperature correction constants.

6.2.1.7  Test of sensitivity.to'velocity of sound

Perform sensitivity tests‘at'normal calibration temperature with three different types of gases with differgnces
in velocity of[sound among the three gases of more than 30 m/s.

The results pf_this test are used to determine the velocity-of-sound correction constants. Provided these
correction constants do not differ significantly from one transducer to another, these constants may be
regarded as fixed for all transducers of identical design. “Significantly” means that the maximum deviation of
the transducer tested on the VOS correction factor is less than 1/10 of the specified accuracy of the density
transducer.

6.2.1.8 Test of flow rate sensitivity

Perform a number of sensitivity tests with different flow rates in both directions if applicable through the
measuring chamber.

The results of this test are recommended limitations of flow rate through the density transducer and the effect
of flow rate on the reading from the transducer.

14 © ISO 2008 — All rights reserved
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6.2.1.9  Durability test

Repeat the repeatability test weekly for more than four weeks. Between the repeatability tests, the
densitometer shall be exposed to a temperature both below the minimum operating temperature in the actual
application (minimum 20 °C below normal calibration temperature) and above the maximum operating
temperature (minimum 20 °C above normal calibration temperature), each for more than 24 h.

The results of this test are used to determine recommended storing conditions and the temporary and
permanent effect on the transducer from exposure to extreme conditions, such as a low temperature in a
blow-out situation.

6.2.2] Factory, purchasing and site acceptance tests

6.2.21 Factory acceptance test

Before delivery to the purchaser, the manufacturer shall, as a minimum, conduct the sensitivity t¢st described
in 6.4.1.2 on the individual transducer as part of the factory acceptance test.

This

est, even with a reduced number of test points, is regarded as a calibration (see 6.4). The n

points is related to accuracy.

The

purchaser’s requirements and the type of transducer can necessitate additional tests (see 6.4

6.2.2|12 Purchasing acceptance test

The

purchaser may, as an option, conduct and perform any<of the tests described in 6.2.1 on any

6.2.2|3  Site acceptance test

A petformance test under field conditions shall‘be performed with the instrument properly install
to mgnufacturer recommendations or as agreed between user and manufacturer.

During the test the following items shall‘be checked, if applicable:

g¢nsuring that gas is flowing through the density transducer;
differences in process conditions (P, 7) in the flow meter and the densitometer;

adequate filtration/conditioning to prevent dirt or condensate from causing inaccurate ops
densitometer;

interaction between the densitometer installation and the flowmeter;

gensitivity to pipeline noise and vibration;

imber of test

1).

transducer.

ed according

ration of the

unregistered gas, which passes through the densitometer but not through the flow meter;
proving system;
convenience of access to the densitometer for maintenance, e.g. gas/vacuum connections;

consistency in density reading between densitometers installed in parallel;

maintenance of sensitivity by performing a sensitivity test of the densitometer before and after the field

installation.

© 1SO 2008 — All rights reserved

15


https://standardsiso.com/api/?name=ed5bd7d867352c81aa4884f7792cee08

ISO 15970:2008(E)

6.3 Sampling and installation guidelines

6.3.1 General

The purpose of a proper installation is to provide representative and conditioned samples of gas for the
densitometer, to obtain the same condition at the density transducer and at the location in the pipe where the
density is being determined or to be able to correct for any differences in conditions, i.e. temperature and
pressure, and to facilitate proper maintenance.

There are two methods of installation, in-line and on-line.

6.3.1.1 Infline-instaliation

An example| of in-line installation is shown in Figure 4. For easy access to the instrument.w(thout
depressurizing the line, a retractor mechanism is recommended.

The pressurg and temperature inside the densitometer is equal to the conditions in the line,
The location |in the pipe is normally downstream to the flowmeter.

For flowmetdrs with negligible pressure drop (difference of pressure upstream and‘dewnstream the flowmeter),
no temperatyre or pressure correction of the density is required to obtain density-relevant for the flowmetér.

For flowmetgrs creating a pressure drop, the measured density shall be corrected to conditions at a logation
defined by the flowmeter. For orifice plates this will be either in the cross section plane of the downs{ream
tapping points or the upstream tapping points.

1 seal

2 seal housing

3 drain valve

4 retractable probe

a Direction of flow.

Figure 4 — In-line installation with retractor mechanism and the densitometer in the retractable probe
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6.3.1.2 On-line installation

By this method, gas is extracted from the pipe and introduced into the densitometer. From the densitometer,
the sample flow can either be returned into the pipe or be vented to atmosphere.

The sample flow shall not bypass the flowmeter for fiscal applications, and for other applications, only where
no other practical options exist.

A sampling probe shall be used at the sampling point in accordance with ISO 10715.

To reduce the temperature dlfferences between the denS|tometer and the I|ne the densﬂometer shall be
instalte c v whote er-instatts re-spmpling lines
shall pbe thermally insulated from the amb|ent Care shall be taken to avoid the |anuence of noisefand vibration
in thg pipe on the density transducer. Figures 5 and 6 show typical installation arrangements\for prifice plates.
The prrangement depends on the type of flowmeter associated with the densitometeriand the operating
condftions.

Figure 5 shows the pressure-recovery method, so-called since it utilizes the recovery of the pressure drop
dowrstream of the orifice plate to drive the sample through the densitometer. The sample is refurned at the
dowrstream tapping point, but diametrically opposite to the tapping points .used for differential pressure. Care
shall [be taken to ensure that there is a sufficient pressure drop to set up.a“flow in the sample Ijne. With this
methpd, a probe is used at the sampling point; it is recommended that the sampling line at the inlet side have
smaller bore (e.g. 6 mm) than that at the outlet side (e.g. 12 mm).

X

1X

o]

|

Key

downstream tap

sample return to downstream tapping
thermal insulation

filter

orifice plate

sampling probe

density transducer in pocket

N o bk WN =

[V

Direction of flow.

Figure 5 — Installation of a gas-density meter on an orifice plate system
for the pressure-recovery method
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1 —
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| |
a N _ 1]
— L_S\_J L_T__J
6° 7
Key
1 flange top|
2 sample flqw
3 thermal inpulation
4  sample flqw indicator
5 sample flgw controller
6 filter installed in pocket
7  density trgnsducer in pocket
@  Direction ¢f flow.
b Tovent.
¢ Afilter mgy be installed in a pockef'to reduce heat exchange between sample line and ambient.
NOTE Infthis case with thexsampling from the upstream tapping of an orifice plate, no sampling probe is used.
Figure 6 — Principle of an on-line installation with sample gas to vent
Installation of_any restriction in the sample line, such as filters, flow control valve(s) etc., should be between

the sampling point and the densitometer. The density at the upstream (preferred) or downstream tapping point
shall be used in flow calculations in accordance with ISO 5167-1. To further reduce temperature differences,
filters upstream of the densitometers may be installed in pockets into the line. Due to the pressure drop
created, flow control valves shall not be upstream of the densitometer as this can change the process
conditions of the gas being measured by the density cell.

Figure 7 shows an example when there is no natural pressure drop in the pipe. The double-sided probe acts
both as a sample retractor (upstream facing hole) and as a return of sample (downstream facing hole). In this
case, the restrictions in the sampling tube shall be symmetrical on both sides of the densitometer to obtain the
correct pressure in the densitometer. The sampling point may also be at the pressure-tapping point of the
flowmeter; the sample may then be vented out of the pipe, e.g. to the atmosphere. Figure 6 shows such an
installation in the case of an orifice meter. Special care shall be taken to prevent pipewall resident matter from
entering the densitometer sampling system and meter, e.g. by applying an appropriate filter.
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3
s
—
-
2—# 4
1
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{
a L L
= —s I L] —s e
.
Y\ \
5 6
Key
1 flpw meter
2 b|ocks with double-block-and-bleed valve
3 thermal insulation
4 filter
5 dpuble sided sample probe
6 dpnsity transducer in pocket
@  Direction of flow.
b Alprobe is used for sampling and there is no emissien’of gas.
Figure 7 — Principle for on-line installation when the flow meter
causes no pressure drop (e.g. an ultrasonic meter)
Care|shall be taken to avoid low temperature caused by a pressure drop over the flow controllgr, which can
resulf in icing, condensation and blocking of sample outlet. Care shall also be taken to avoid differences in
presqure between the pipe @nd the density transducer.
If it ig not possible to_ébtain temperature equilibrium, a correction for the temperature difference|between the
densjtometer and pipe/may be calculated using Equation (7):
T Z
1L )\ pa )\ 21

where

T4 is the temperature in density transducer;

T, is the temperature in pipe;

py s the pressure in the densitometer (can often be set equal to p| );

p_ s the pressure at the required location in the pipe;

Zy is the compression factor in the densitometer;

Z, is the compression factor in the pipe at the required location.
NOTE Z4 and Z, are calculated from the available knowledge of the gas composition in the pipe.
© 1SO 2008 — All rights reserved 19
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6.4 Calibration

6.4.1 Laboratory calibration

The densitometer shall be calibrated and recalibrated at regular intervals in an approved laboratory.
Calibration is normally performed with pure gas. The sensitivity test as described in 6.2.1.2 is used to
establish K, K4 and K.

The temperature correction coefficients are determined by varying the temperature as described in 6.1.2.

The velocity-of-sound correction constant, K, is normally determined for the type of densitometer through the
type assessment tests (see 6.2.1.7).

Pressure ang temperature shall be measured with equipment traceable to national standards ornternational
Standards.

When the densitometer is calibrated using a reference (standard) densitometer, the latter shall be traceaple to
national stangdards or International Standards.

Calibration intervals in fiscal metering shall be no more than once every 5 years. The user shall examine the
calibration frgquency on the fiscal impact on the results.

6.4.2 Field|calibration

Field calibratjon is normally not recommended due to lack of control &f\all influencing parameters.
6.5 Verifi¢cation

6.5.1 Zerolcheck

Most densitgmeters have no drift in the main constants if the densitometer‘s vibrating frequency is staple in
vacuum.

After evacua£ing the densitometer to a vacuum less than the lower of 0,1 % of normal operating pressurg¢ and
1 kPa, the p¢riodic time or frequency from ‘the densitometer shall be recorded. If the measured periodiq time
differs from the value obtained in the laboratory calibration by less than 0,02 % of the normal operating dénsity,
the densitomrjeter is acceptable. A (arger deviation can mean a shift in sensitivity or deposit on the vibfating
element. A rgcalibration is then neCessary.

6.5.2 Pressure shift test)(only for on-line installation)

A pressure ghift testus.carried out to verify that the pressure inside the densitometer is equal to the dgsired
line pressurel underflowing conditions.

f the
densitometer not facing the tapping point where the desired pressure exists in the pipe. If no sudden change
in density is observed, then it is likely that the pressure inside the densitometer is correct under flowing
conditions.

If a sudden change in density is observed, then it is most likely that an undesired pressure drop exists in the
sampling line under flowing conditions. The sampling line should then be checked for any blockage.

The sudden effect on density due to the sudden change in pressure should not be mistaken for the possible

slower change in density due to a slow temperature change caused by a stoppage of flow through the
densitometer.
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Maintenance

Filters shall be checked and replaced at regular intervals. The conditions of the operating gas govern the
length of time between the checks.

6.7

6.7.1

Quality control

General

In 6.7 is described a passive procedure that ensures the proper functioning of the density transducer primarily
through-recorded observations

In addition, examples of quality checks and possible reasons for abnormal behaviour of the.den
are provided.

6.7.

The
valug
meas
meas

Check of consistency
easured density can be compared, manually or automatically, with the_expected value. T

urements such as calorific value and velocity of sound and shall have at least the same acq
ured density.

Alterpatively, gas with a known quality may be introduced into ‘the densitometer and the reag

dens

Any
comy
devig

6.7.3

The
proce
times

tometer can be compared with the density calculated from.the gas properties, pressure and

hbnormal deviation (typically higher than 0,5 %) should result in alarm in the case of
arison. If multiple meter streams have individual density transducers, a maximum stre
tion alarm should be set to function as a consistency check.

Recording of stability

tolerated deviation between the (éxpected and measured density in the consistency (
dure (see 6.7.2) depends on the accurate knowledge of the gas quality, pressure and temg
and on their consistency.

Set tplerances should be periodically reviewed and maintained at as low a value as practicable.

A de
com
rectif

Vibra
eithe

nsity reading that\is’more stable than that expected from the knowledge of variation
osition can indicate no flow through the density transducer. This shall be checked and,
ed.

by the.installation of an anti-vibration kit or by tracking the source and eliminating the vibrat

sity readings

he expected

can be based on knowledge of composition, pressure and temperature, or on othér consistent

uracy as the
ing from the
femperature.

n automatic
m-to-stream

heck quality
erature at all

in the gas
f necessary,

tions in-the' piping may give a density reading that is less stable than expected. This caf be rectified

on.

Lack

of_stability can also be caused by varying temperature differences between the pipe an

| the density

transducer pocket. This can be rectified either by improving the thermal insulation or by using the temperature

corre

©I1SO

ction method given in Equation (7).
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7 Pressure
7.1 Principle of measurement

711 General

The principles of measurement are the same for both differential and gauge pressure transmitters. In the latter,
the high-pressure side corresponds to the absolute pressure of the natural gas in the pipeline, while the low-
pressure side corresponds to the atmospheric pressure (see Figure 8).

For an absolptepressure transmitter, nnly one side isavailable for the pressure eignnl (an Figurn Q)

7.1.2 Sensjng elements

7.1.21 General

Three kinds pf sensors are typically used in pressure transmitters: a capacitance sensor,*a strain gaugeg or a
resonant sensor.

71.2.2 Capacitance sensor

Process pregsure is transmitted through the isolating diaphragm and fill fluid to the sensing diaphragm |n the
centre of the|capacitance sensor.

Any change |n pressure on the isolating diaphragm causes a change in the position of the sensing diaphfagm.
Capacitor plgtes on both sides of the sensing diaphragm detect'its position.

\\ s

Nwa) Tﬁ

Key

1 upstream component of differential pressure (line pressure in the case of a gauge pressure transmitter)

2 downstream component of differential pressure (atmospheric pressure in the case of a gauge pressure transmitter)
3 sensing element

Figure 8 — Differential and gauge pressure sensor
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7.1.2.3 Strain-gauge sensor

Process pressure is measured by mounting a strain gauge onto a thin film flexible diaphragm. The diaphragm
is supported so that it is in contact with the pressure medium. A change in pressure, either positive or negative,
displaces the diaphragm, causing the gauge to flex and to generate, in a Wheatstone bridge circuit, an
electrical signal, which is directly proportional to the pressure applied. Examples of such strain gauge sensors
are piezo-resistive, thin film and bonded sensors.

\2

Key
1 lipe pressure, p
bnsing element
3 vacuum

]

Figure 9 — Absolute pressure sensor

7.1.2|4 Resonant sensor

In thig case, the process.pressure modifies the natural vibration frequency of the resonator assgmbled in the
presdure cell.

7.1.3| Output-sighal

In thg case of smart transmitters, the signal from the sensor is measured electronically, convertgd to a digital
! ising stored

g 3 ladout; it can
be transmltted to swtable dlgltal mterface dewces and/or can be converted to an analogue normallzed output
signal in accordance with IEC 60381-1 and IEC 60381-2 for output to conventional instrumentation.

For analogue transmitters, current and voltage output signals are available. 4 mA to 20 mA is a commonly
used signal.
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7.2 Performance assessment and acceptance tests

7.21

Requirements and performance assessments for instrument selection

A detailed description of the tests carried out in order to evaluate the transmitter performance is given in

. The most important parameters to be tested are the following:

sensor measuring range,;

ipply and load;
sure effects (e.g. effect of one-sided overload);

pssure effect and pressure-differential overloads (e.g. at line pressure, orArom single-
eric depressurization, for differential pressure transmitters);

and temperature effects;

agnetic compatibility, EMC;

IEC 60381-1
a)
b) damping;
c) powers
d) overpres
e) static-pr
atmosph
f)  humidity
g) electrom
h) accuracy;
i) stability;
i) mountin

As a result o
a description

7.2.2 Factd

If required by
working spar

For different
mounting-po

7.3 Instal

7.3.1  Mech

In order to a

J position effects.

f these tests, the instrument documentation supplied by the manufacturers shall contain, be
of the principle of measurement and the instriment design, all the data for correct functionin

iry, purchasing and site acceptance. tests

the purchaser for each transmitter, the manufacturer shall perform a calibration (see 7.4)
specified by the purchaser.

al-pressure transmitters, -an onsite check of the calibration shall be carried out to elin
Sition and static-pressure effects.

ation guidelines

anical connections

oid‘significant metering errors, care shall be given to the installation of pressure transmitte

sided

sides
g.

bf the

inate

rs for

flow measurgment. The transmitter shall be connected to the intended point of the installation. The mol

nting

of differential pressure transmitters shall be carried out in accordance with 1SO 2186 and to the
manufacturer’s specifications.

The piping between the process and the transmitter shall accurately transmit process variables. For this

purpose, the

a)

general requirements are as follows.

liquid drains into the process line.

b)

environmental conditions.

24

Place the taps in the top or the side of the line and mount the transmitter beside or above the taps so that

Keep the impulse piping as short as possible enabling the above activities to be independent of
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c) Slope the impulse piping at least 0,08 m per meter downward from the transmitter toward the process
connection.

d) Use impulse piping large enough to avoid friction effects and possible capillary ingress of moisture.
e) Prevent sediment deposits in impulse piping.
f) Do not use impulse piping lines for sampling.

g) For differential pressure transmitters, keep both impulse legs at the same temperature.

The 4 dllblllittcl D;Id“ IUU illbtd“Ud oU do tU III;II;III;LG V;IUIdt;UIID, bilubkb t':llll.]I UIIViIUIIIIIUIItdi U)\tlcllltb. Where the
envirpbnmental conditions fluctuate widely, enclosures with controlled environments can be requirgd.

Field|maintenance, checking and recalibration shall be easily carried out. For this purpose,

1) the connection to the transmitter shall incorporate valves, allowing the . above operations without
shutting down the whole installation;

L

2) an easy access to the transmitter shall be possible and personnel-safety shall be guaranteed.

Exanples of mechanical connections for differential pressure transmitters’are shown in Figure 10
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Key
vent/drain|plugs
valve
valve marfifold

optional s{de mounted vent/drajri_piug
pipe plug
differential pressure reference device

o b WN -

jo)

Direction|of flow.

Figure 10 — Examples of mechanical connections

7.3.2 Electrical connections

Electrical connections shall conform to the instructions in the certification of transmitter conformity for the
relevant type of protection or in the manufacturer’s declaration.

They shall conform to the requirements of IEC 60079-14 and the specific requirements of the following
standards for the transmitter type of protection:

— IEC 60079-11 for type of protection “”;

— |IEC 60079-1 for type of protection “d”;
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— IEC/TR 60079-15 for type of protection “n”.

Individual transmitters shall have a tag reporting the approvals in accordance with IEC 60079-0.
A basic connection scheme for “I” type of protection is shown in Figure 11. In practice, a lot of variations on
this scheme are possible: for more information on the intrinsic safety-related methods, refer to the existing
standards.
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—

rensmitter
hzardous area

o T
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pbwer supply
Iqad

bfety earth

N o o WwN -
ke)

n

Figure 11 — Example of installation with intrinsic-safety barriers (type “i”)

7.4 Calibration

7.41 General

A transmitter calibration is usually carried out using the following instruments:

— pressure reference device (e.g. deadweight tester);

— smart field communicator (only in case of smart transmitters);

— precision multi-meter or final readout device (e.g. flow computer, controllers);

— barometer (in case of absolute pressure transmitters).
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Differential pressure transmitters can require a calibration procedure to compensate for static pressure effects,
which introduce a systematic error. This operation can be done by setting the zero trim. Use of reference
devices that are operated at line pressure avoids the above procedure.

It is recommended that calibration is carried out in situ. If calibration is carried out in a laboratory, care should
be taken to avoid transportation and different orientation effects.

The calibration of transmitters shall be carried out at a minimum of two points (zero and maximum of adjusted
range); more calibration points may be used to compensate for possible non-linearity of the transmitter.

(Re)adjustment of the instrument shall be carried out only when the readings of the device are outside the

uncertainty b

and valid for the reading under consideration.

The pressursg
than that of t

7.4.2 Smait transmitter calibration

The first stey
transmitter tq
verify, and if
carried out in

(absolute and differential) reference device shall have an uncertainty at least three times,sthaller

he transmitter.

of smart transmitter calibration consists of matching the digital pressure variable reading ¢f the
a reference pressure input. This operation, necessary to trim the sensor.of the transmitter gnd to
necessary to correct, its characteristic curve previously stored by the manufacturer, shall be
two phases:

— correctign of the lower range value;

— correctign of the upper range value.

If necessary] an additional calibration step, consisting of correcting any errors in the electronics cirguitry
converting the digital signal into a standardized analogue signal, can be made. This operation allows the
adjustment of the analogue signal in line with the digital signalfrom the sensor.

NOTE If B re-ranging only is required, it is sufficient to use a smart field communicator. However, with this opefation,
the transmittef accuracy can decrease.

For a detailegl description of calibration procedures*and corrections, refer to manufacturer manuals.

7.4.3 Analpgue transmitter calibration

Analogue trgnsmitter calibration consists of connecting a reference pressure input to the transmittef and
adjusting the| electrical output signal.)Usually this operation is made by setting the zero and span-adjusfment
screws (it is advisable to adjust thé)span first).

For a correct|calibration procedure, it is strongly recommended to follow the manufacturer specifications.

7.5 \Verifigation

Periodically, thedransmitter output shall be checked at one or more points in its working range, compafing it
with referendelpressure values. The agreement between the measured and the reference value at each|point
shall be withimtt mitted toterance notthe case, a recalibration of the instrumer atrbemade or

the transmitter replaced.

For differential pressure transmitters, before a verification, it is necessary to consider the previous correction
for the static pressure effect; use of reference devices that are operated at line pressure avoids the
requirement for this procedure.

A calibration of a metering system, including associated transmitters, against approved and traceable
standards along with the process conditions at the occasion of the calibration may be used in some
jurisdictions as the basis for the issuance of a meter calibration certificate. This information constitutes the
footprint of the meter for use during future verifications. These verifications consist solely of the test of one
representative parameter of the transmitter at the same process conditions for comparison with the footprint. A
successful verification, in applicable jurisdictions, which, can lead to re-certification.
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7.6 Maintenance

All maintenance work shall be done in accordance with manufacturer specifications.

7.7 Quality control

Quality control on pressure measurements can be obtained by installing another transmitter for monitoring
purposes and/or rationalizing the periodical verifications.

NOTE The long-term transmitter stability can be monitored by recording all the results of the verifications and
calibrations and, consequently, adjustment of verification and calibration intervals can be planned, e.g. using control limits
and s[gnificance Timits.

8 Temperature

8.1 | Principle of measurement

In cuptody transfer operations, the gas temperature is widely measured by ‘means of resistance [thermometer
detegtors (RTD).

An RITD consists of a measurement resistance placed in a protective sheath, internal connectihg wires and
exterpal terminals in order to connect it with the electrical measuremeént devices (see Figure 12).

1 2 3 |4

|

Key

1 cable terminals

2 thread

3 thermometric resistance
4  pfotective sheath

Figure 12 — Typical construction of an RTD

An RITD is_based on the principle that the electrical resistance of a metal increases with its temperature. The
metal masticommonly used in RTD sensors is platinum (Pt) because of the following physical characteristics:

— reproducibility of the temperature/resistance Curve,
— chemical characteristics constant over time;

— high electric resistivity;

— high temperature coefficient, c.

NOTE Platinum is a noble metal that does not oxidize, has an high melting point and exhibits little evaporation at
temperatures lower than 1200 °C. It can be obtained in an ultra-pure state, which guarantees a highly reproducible
characteristic curve.
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Electrical temperature sensors such as RTDs produce a low-level signal, proportional to the sensed
temperature. Long wires between the sensor and electrical measurement devices can result in large errors
due to the noise, unless great care is taken with shielding. In addition, extra compensation wires (see 8.3.5)
are needed between the sensor and electrical measurement devices.

These problems can be eliminated by mounting a signal-conditioning device close to the measurement point.
A temperature transmitter offers a convenient, reliable and economical way to do this, provided that this
transmitter has adequate (environmental) specifications.

The temperature is converted to a standardized analogue electrical signal in accordance with IEC 60381-1 or
to a digital signal, which is transmitted to further processing.

The tempersd
accordance

8.2 Perfo

ture/resistance relationships used for compliance with this International Standard shall
vith [IEC 60751.

'mance assessment and acceptance tests

8.2.1 Requirements and performance assessments for instrument selection

It is necess4
choice is usy

a) applicati
b) operating
c) dynamic
d) safety cg
€) precision
— cali
— sen
— self;
— long

— Ccon

— COS{.

ally based on the following parameters:
DN;

temperature range;
characteristics (time constant);
nditions;

under static conditions, depending on.the*combination of the following parameters:
bration;
Sitivity;
heating;

term reproducibility;

hections;

ry to consider many elements during the choice of an RTD, depending on the specific usel

be in

The

For temperat

ufesmeasurement in a gas flow, a cylindrical sensing element is generally adopted.

Information on the behaviour in the operating temperature range, such as repeatability, electrical insulation,
time constant and self-heating factors, shall be provided by the manufacturer or obtained by a performance
assessment (see 8.2.2).

Methods for evaluating transmitter performance shall be in accordance with those given in IEC 60770-1.
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Factory, purchasing and site-acceptance tests

RTDs shall comply with the requirements of IEC 60751. The following tests shall be carried out by the
manufacturer in order to demonstrate such compliance:

a) routine production tests performed on every RTD:

— insulation resistance,

— resistance tolerance;

A def

8.3

AMpie tests performed on a limited NUmMber of SENSors under controiied conditions:
— insulation resistance,

— resistance accuracy,

— thermal response time,

— self-heating,

— immersion error,

— thermo-electric effect,

— limiting temperatures,

— effect of temperature cycling;

dditional tests for RTDs used in severe environmental conditions:
— drop tests,

— vibration tests,

— pressure tests.

iled description of these acceptance tests is given in IEC 60751.

Installation guidelines

When the thermowell (see 8.3.1) with the thermometer probe is inserted into the moving fluid, {he boundary

layer
the p

tends-fo.resist the transfer of heat to the probe and at the same time heat is lost to the sur
fobé. The latter effect can be reduced by applying thermal insulation.

oundings via

8.3.1

Thermowell

The thermometer probe shall be mounted in a thermowell (see Figure 13) to protect it from the adverse effects
of corrosion, vibration or excessive pressures and to give easy access to the probe unit.

The thermowell shall mechanically resist the static and the dynamic loads caused by flow induced resonance.

©I1SO
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Figure 13 — RTD installation

8.3.2 Selegtion of the measuring point
In general, tHe RTD shall be mounted perpendicular to the pipe wall, as illustrated in Figure 14.

Using this ingtallation, severe vibration of the probe can result from the fluid flow around the inserted grobe.
Care should|be taken in locating this probe and care should be taken so that the maximum allowablq fluid
velocity is not exceeded.

The measurement point is indicated in the specific standard for each flowmeter.

8.3.3 Electrical isolation of the temperature transducer

Electrical isolation prevents disturbances caused by variations in the isolation resistance of the sensing
elements. These are generally caused by impurities penetrating into the junction box and by the cathodic
protection of the pipe.

A good electrical isolation is recommended.

Minimum insulation resistance values shall conform to the requirements of IEC 60751.
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8.3.4 Restrictions on the thermowell

Where thermowell pockets are in close proximity to each other, care shall be taken not to install them in line.
This is to prevent the downstream probes from being subjected to unduly high stresses as a result of vortex
shedding and vibrations. The problem of vortex shedding can be minimized by spacing the thermowell
pockets radially around the pipe.

To ensure good temperature measurement, thermowells shall protrude into the pipework to approximately 1/3
of the nominal inside diameter, measured from the inner wall. However, for pipes larger than 300 mm where
resonant vibrations of the thermowell are known to be a problem, the design of the thermowell can restrict the
depth of insertion. Resonant-vibration problems can be avoided by the application of conical instead of parallel
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maller pipes where the insertion depth becomes larger than 3/4 of the nominal inside-diz
thermowells shall be installed in a pipe bend or obliquely at 45° to the flow direction.

RTD should be completely inserted in the thermowell.

air between the measuring element and the well is a very poor héat conductor ar
urement errors. Another effect of the air is to slow the response time‘of the element. A liq
y space is the solution generally adopted; care should be taken to ensure an adequate free
uid.

should also be taken regarding external temperature conditions, including heat transfer du
mbient temperature.

bffect should be limited by thermal insulation around-thée pipe including the RTD, generally
on both sides of the RTD where the RTD is installed. This insulation design shall allow &
pctions for checking and maintenance.

meter of the

d results in
uid filling the
zing point of

b to radiation

bver a length
ccess to the

8.3.5| Electrical connections

For correct measurement of temperature,\the effect of the resistance of the wires connecting the pensor to the
electfical measurement device shall be*eliminated. This is particularly important at locations where there are
large|variations of ambient temperature.

As a| 2-wire connection can (cause measuring errors due to the length of the connecting wires and the
envirpnmental temperature(itjis recommended to use a 4-wire connection.

8.3.6| Self-heating effect

The measuremeht-current through the RTD causes self-heating through the Joule effect. In ordefr to minimize

this dffect, aniappropriate shape of the protective sheath and low supply currents shall be used, v
shall [be previded by manufacturers. This effect is negligible for commonly used connection cabl
0,02 pC.at.t mA).

Vhose values
es (less than

8.4

8.4.1

Calibration

Sensor calibration

In the case of a temperature transducer, the sensing element is kept in a thermostatic bath and the measured
temperature is compared with that of a primary thermometer traceable to the International Temperature Scale

of 1990 (1ITS-90) [l.

The calibration procedure of an RTD is carried out in two steps:

a) sensor calibration with the reference values;
b) data processing to obtain the correction curve (table or analytical function).
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Depending on the temperature range of the RTD being calibrated, it is necessary to select the temperature

points (a min

imum of three) where the resistance values are measured.

In order to reduce the errors due to temperature fluctuations in the thermostatic bath, it is convenient to repeat
each calibration point at least five times. In order to avoid thermal inhomogeneity of the bath, care should be
taken that the sensing elements of RTDs be close to each other or that a temperature-equalization block be

used.

When an RTD calibration is carried out, a number of resistance values corresponding to temperature
measurements are determined. Subsequently, it is necessary to characterize the transducer with a best-fit
calibration curve. Characterization is normally done by the manufacturer of the RTD assembly and/or

transmitter.

From practic
recalibration

8.4.2 Tran:s
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the transmitt
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readings compared; they shall be within a predetermined limit.
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example, a li
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The long-termn stability of;an RTD shall be monitored by recording all test results. This enables the plann

proper verifig

£, it is known that Pt 100 elements hardly change over the years; therefore, after initialCalibr
is not normally needed.

smitter calibration
ransmitter is factory calibrated to the temperature range shown on the.nameplate. Calibrat

br can also be performed by substituting a resistance decade box for the’sensor. The uncer
nce decade box should be equal or better than 0,01 %.

cation

eck shall be carried out to verify that the temperature devices are within the fixed tolerance
check, a reference RTD shall be installed in a thermaowell close to the RTD being tested ar

verification of the RTD performance can be cafried out over a restricted temperature rangg.

nuid bath at the ice point can be used in order to check the resistance value at 0 °C (R).
bnance
turer's specifications shall be_followed for the maintenance of RTDs and transmitters.

y control

ol of temperature."measurements can be obtained by installing another probe for moni
i/or rationalizing-the periodical verifications with the application of control and significance lin

ation and\calibration intervals.

(Re)adjust
uncertainty

thnt of the instrument shall be carried out only when the readings of the device are outsid
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nd'valid for the reading under consideration.

For temperature transmitters, shorter verification and calibration intervals are recommended.

9 Compression factor

9.1 Principle of measurement

9.1.1 Working limits

The Z-meter works only at line pressures that give a ratio pressure/compression factor higher than 1 MPa and
lower than 9 MPa.
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9.2 Working principle

The Z-meter is, in principle, an expansion-type meter using a single-step rather than a multiple-step expansion
like the conventional laboratory Burnett apparatus.

The apparatus consists essentially of two vessels, 1 and 2, of inside volumes ¥, and 7,, respectively,
(74 < 75), and three valves surrounded by a massive metallic wall of great thermal inertia (see Figure 14). The
small volume, consisting of a tube, is welded as a spiral around the large cylindrical volume to improve
thermal exchanges between them.

4
|

o

2
3
4
)
6 7
—>
Key
1 gpsinlet
2  valve 1
3 vessel 1 with volume
4  valve 2
5 vessel 2 with volumell,
6 valve 3
7 ghs outlet

Figure 14 — Diagram of a Z-meter
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The operation of the Z-meter is cyclic and is divided into two phases:

a)

b)

Phase 1: valves 1 and 3 are opened and valve 2 is closed. Vessel 1 is filled with the sample gas at
pressure, p4, and temperature, 7, and vessel 2 is at atmospheric pressure, p,.

Phase 2: valves 1 and 3 are closed and valve 2 is opened. The volume, ¥, of sample gas in vessel 1
expands into the volume, 7, of vessel 2 and when temperature stability is re-established, the pressure,

p3, in vessels 1 and 2 is measured.

The valves are opened or closed by means of a pneumatic motor controlled by an electrovalve. They are
interlocked by means of a mechanical link.

The pressur(las measured before and after the expansion allow the calculation of the compression factor, Z.
The compregsion factor, Z,, is calculated by applying the equation of state to volumes V4, ¥, and Jg's=V4|+ V>,
at pressure, p4, and temperature, 7, in terms of the (unknown) “low-pressure” compression factors,/Z, and Zs,
as given in Equation (8):
z,= b (®)
2B\ (ky +1)-| 22 |k
[Zs ]( v+ z,)"
where
V2
by, = —2]
\Y v,
Equation (8)|is valid only if the temperature before and after the expansion is the same, because of the|large
thermal buffgr and the small amount of gas sample.
The volume ratio, &, , shall be determined before the*measurement by calibration of the Z-meter using a gas
of known cornpressibility, as determined from a compressibility table.
9.21 Calcdlation
The values for Z, and Z;, are obtained’ using the relationship between the compression factor anfl the
pressure as given in Equation (9):
Z(p.T) 71+ By(T)p + By(T)p? (9)
where
P2, p3  |are lessthan 0,3 MPa;
By(T) is.an average coefficient, calculated for natural gases, that varies little from one gas to another;
NOTE For natural gases, this value can be set to 1,5 x 107%. This value is frequently set to zero, depending on

the required precision.

B4(T) s obtained as an approximation from Equation (10):
Zi-1-C(T
B4(T) :1p—()m (10)
1

An iterative scheme which takes Z, = Z3 = 1 as its starting point is used to solve Equation (8). This new value
of Z, is then used in Equation (10) to calculate a new B,(7) and then, using Equation (9), to calculate new
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values for Z, and Z3. These values are then put back into Equation (8). The equation is considered “solved”
when the difference between the two successive values of Z; is very low. In practice, three steps are sufficient.

A better determination of the C coefficient should be made for laboratory measurements where a higher
degree of accuracy is needed and where pure gases are used. In that case, the determination of the
compression factor of the unknown gas is done in two steps: the first step consists of determining the
compression factors at several pressures with C =0 and then calculating the C coefficient of the equation
using a “least squares method” fit, and then re-entering this value into the equation for Z.

9.2.2 Method of extrapolating Z for other conditions

9.2.2|1 General

This

method is used for predicting the value Z{(p;T;) from the value Z(p;,T;), i.e. forcother {

tempprature conditions (for example, if the temperature of the Z-meter is not exactly, the-same
line das).

Equations (11) and (12) use the factor kz(p,f), that is, the ratio of Z(p,f) and Z,.the compression
refergnce conditions p = 101,325 kPa, ¢, = 0 °C.

For gther reference conditions, the values «, b, e and g should be recalculated.

The

nethod is based on experimental values. For example, fors/a'step of 5 °C and for various

contdining up to 25 mol % of nitrogen or up to 28 mol % of carbon dioxide, the relative deviation

mea

qured value of Z and the extrapolated value is lower than.Q,1" %.

9.2.2[2 Temperature extrapolation (isobaric)

Extrgpolate k7 ; at a different temperature using Equation (11):

wherg

The

2o = [1+(a+bK) (4 — 1) | K,

4=1,8584x1072
h=-1,8864x102

significance of ¢his“formula is that the local derivative of k5 relative to the temperature, u

condftions, is a fufiction of the local value of k7. To get the best performance, the iteration shou

out i
from

n steps of 4 ¥C maximum (the smaller the step, the more symmetrical the method when de
fz i and.then returning to &z ;).

9.2.2{3” 'Pressure extrapolation (isothermic)

ressure and
pf that of the

factor at the

gases, even
between the

(11)

hder isobaric
Id be carried
ermining kz ¢

Extrapolate k(p, ) at a different pressure using Equation (12):

Kz(p.T)=1+et+ f(p-py)+g(p—py)

where
e=2,8x10°
g=15x 10-6
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