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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and
non-governmental, in liaison with 1ISO, also take part in the work. ISO collaborates closely with the International
Electrotechni¢al Commission (IEC) on all matters of electrotechnical standardization.

International $tandards 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. Draft International Standards
adopted by the technical committees are circulated to the member bodies for voting) Publication ps an
International $tandard requires approval by at least 75 % of the member bodies casting a vote.

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

ISO 2186 wa$ prepared by Technical Committee ISO/TC 30, Measurement of fluid flow in closed copduits,
Subcommitte¢ SC 2, Pressure differential devices.

This second gdition cancels and replaces the first edition (ISO 2186:4973), which has been technically rgvised.
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Introduction

The primary devices are flow meters described in ISO 5167 (all parts).

A secondary device in this context receives a differential pressure signal from a primary device and can display
the differential pressure value and convert it into a signal of a different nature, i.e. an analogue or digital signal,
to transmit the value of the differential pressure to another location.
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INTERNATIONAL STANDARD ISO 2

186:2007(E)

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

1 Scope

This Ipternational Standard sets out provisions for the design, lay-out and installation of @ prlessure signal

2 Noprmative references

The fpllowing referenced documents are indispensable for the application of this docume
references, only the edition cited applies. For undated references, the-atest edition of the referen
(incluging any amendments) applies.

ISO 4pP06, Measurement of fluid flow in closed conduits — Vocabulary and symbols

ISO 5[167-1:2003, Measurement of fluid flow by means of pressure differential devices inserted in

rms and definitions

For the purposesyof this document, the terms and definitions given in 1ISO 4006 and ISO 51
following apply:

3.1

ted by known
t distorted or

ht. For dated

ced document

circular cross-

circular cross-

circular cross-

circular cross-

67-1 and the

secondary device

device which receives a differential pressure signal from a primary device, may display the differential pressure

value and may convert it into a signal of a different nature, i.e. an analogue or digital signal, to tran
of the differential pressure to another location

4 General principles

4.1 Safe containment

smit the value

The differential pressure signal shall be transmitted in a safe manner within a pipe or tubing to the secondary
device. This requires that the fluid between the primary and secondary device be safely contained. Safe
containment of the fluid requires conformity to the applicable standards and codes and requires the selection of
the proper materials of construction, the fabrication methods and practices and any required gaskets and
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sealing materials. For on-line maintenance or verification, design shall cover safe means for proof of isolation,
depressurization, flushing and removal/replacement of secondary instrumentation.

4.2 Piping specification

The pipe or tubing installed between the primary and secondary device should comply with applicable national
standards and codes of practice.

NOTE 1 National regulations can also apply.

A process-piping specification should include the specification for the isolation valve (or block valve) closest to
the primary device. The specification for the piping or tubing between this isolation valve and the secqndary
device, including any additional valves in this piping, may differ from the piping specification for thejis¢lation
valve. This is| because the small size, and often the more limited temperatures involved on the-instrument
secondary piging, justifies these differences.

The break (change) in piping specification between the process and the instrument (or/secondary) gide is
normally at the process isolation valve on its secondary connection end (see Figure.1). If the process-piping
specification requires flanged connections, then the process end of the isolation valveis'flanged and the mating
flange on the secondary side is an instrument connection or may have another approved fitting.

NOTE 2 An approved hydrostatic test can be required for piping systems to prove._the) integrity of the pressure-containing
parts of the pip|ng system.

NOTE 3 Somg installations require provision for “rodding out” of the process eonnections. This is the use of a rod dr other
physical device|to remove materials blocking the free flow of fluid in the impulse lines. Safety precautions apply.

Key

primary side

secondary side

specification break, where the piping specifications change between secondary and primary
conduit running full

primary head creating device

isolation valves

impulse line connecting pipe

manifold

secondary device

bleed valves, typical

alternative location of equalization valve

- == ©O O N O B~WN =

- O

Figure 1 — Primary and secondary at same elevation, preferred installation
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4.3 Isolation (block) valves

Isolation (block) valves are required to separate the entire measurement system from the main pipeline, when
necessary, but they should not affect the pressure signal.

It is recommended that isolating valves should be located immediately following the pressure tappings of the
primary element. If condensation chambers are installed, isolation valves may also be fitted immediately
following the condensation chambers. However, if condensation chambers are used, it is important to check that
they are emptied regularly and that they do not become a source of leaks due to corrosion.

When specifying an isolation valve, practical considerations include the following.

a) ThHe vaive shattbe rated for the pipe design pressure and temperature.

b) TRHere shall be a careful choice of both valve and packing, particularly in the case of dangeroys or corrosive
flJids and with gases such as oxygen.

c) V4lves shall be chosen that do not affect the transmission of a pressure signal, patticularly when that signal
is [subject to any degree of fluctuation.

Ball valves or gate valves should be used where possible, as globe-style blockivalves can create g pocket of gas
or liguid if they are installed with the valve stem in the vertical plane.

NOTE| This pocket can result in a distortion of the pressure difference, which can result in an error ip the indicated
measurement. Installation with the valve stem at an angle of 90° from the vertical normally solves this problem.

4.4 VYalve manifolds

Valves are often installed to permit operation, calibration and troubleshooting of the secondary gevice without
remoVing it. Some typical valve manifold configurations are shown in Figure 2.
Thesq valves are used

a) tolisolate the secondary device from thedmpulse lines;

b) to|lopen a path between the high and-low pressure sides of the secondary device. The secpndary device
zdro (no flow signal) can be adjusted at operating pressure with one block valve closed and the bypass
vglve(s) open;

¢) toldrain or vent the secondary device and/or the impulse piping to the drain or to atmosphere
Manufactured valve manifolds can reduce cost and save space. Valve manifolds integrate the required valves

and copnnections into~one assembly. Valve manifolds shall be installed in the orientation specified by the
manufacturer to aveid_possible errors caused by trapped pockets of gas or liquid in the body.
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vent, dr@in and calibration plug
vent, draiin and calibration valve (optionaliif*dashed)

in and calibration valve

side

Installdtion

Figure 2 — Typical manifold configurations

The installatipn design should minimize the separation between the primary and secondary devices

connecting pi

binghis variously referred to as “impulse lines”,

piping”.

” o« L]

gauge lines”, “instrument tubing” or “instr

. The
Lment

The detailed design for the installation of the flow meter secondary system should consider instrument
troubleshooting and calibration. To accurately convey the pressure difference, the instrument lines shall be as
short and direct as possible and the two lines should be the same length.

NOTE 1

given in Annex A. See additionally 4.7.1, 4.7.2 and 4.7.3.

For circumstances where the instrument lines are necessarily long, guidance on the preferred line diameter is

Access to the impulse lines, the valves, the valve manifold and the secondary device is required to enable
maintenance and calibration. Installations providing this access shall not increase measurement uncertainties
by being excessively long with excessive fittings.
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Any difference in elevation between the primary device pressure taps and the secondary device results in a
pressure difference between the two ends of the impulse lines due to the hydrostatic pressure of the fluid
column in the impulse lines.

NOTE 2 This effect is usually greater for liquids than for gases.

The impulse lines shall be installed in such a way that the hydrostatic pressure in the two impulse lines is
identical. If the fluids in the two lines are not identical in density, a difference in pressure is generated. Density
differences arise when there is a temperature difference between the fluids in the two impulse lines. It is
recommended that, if possible, the two impulse lines be fastened and insulated together, when it is required to
avoid significant temperature differences between them.

NOTE[3 Non-identical fluids in the two impulse lines can also give rise to density differences.

The impulse lines shall be installed so that the slope is in one direction only (upward or downward|depending on
the fluid; see Clauses 5 and 6. If a change to the slope direction is unavoidable, then ofily-one such change shall
be made. In this case, a liquid trap shall be installed at the lowest point in gas service and a gas trap shall be
installed at the highest point in liquid service.

Wherg possible, the impulse lines should be “bled” or “vented” after installation to clear the impulse lines of
fluids Jeft during construction or after hydrostatic testing or cleaning. Bleed-valves may be included in the valve
manifolds or in the secondary device body, or installed as needed.

NOTEWK Periodic bleeding can be required if the characteristics of the fluids in the impulse lines change ovgr time with fluid
ageing and with diffusion or leakage into or out of the impulse lines.

It is ggod practice to design the installation to allow for natural draining of liquids or venting of gases.

Errorg caused by tap-elevation differences and pressure and temperature effects on the secondary device are
reduced if the zero flow indication and transmission secondary instrument signal output is adjugsted while the
system is at the operating pressure and temperature and there is no flow through the system.

NOTE[|5 Depending on the installation and materials used, non-flowing fluid in the piping can exchange sjifficient heat to
the enyironment to change the temperature up to tens of degrees Celsius towards ambient over a distance| of hundreds of
millimgtres and hundreds of degrees(Celsius over a distance of a metre.

4.6 Pressure taps

The pressure tap is-part of the primary device. The requirements for the pressure tap (hole sizg, orientation,
etc.) found in 1S©.5167-1:2003, 5.4.3, which also makes cross reference to 1SO 5167-2 (qrifice plates),
ISO 5[167-3 (nozzles) and 1ISO 5167-4 (Venturi tubes), shall be used.

NOTE| In“very dirty services, diaphragm seals mounted flush with the internal surface of the pipe have spmetimes been
used. [To“ensure measurement sensitivity, diaphragms are typically a nominal 80 mm or 100 mm in djameter. These
diaphragm seals are not within the scope of ISO 5167 (all paris).

4.7 Impulse line size

4.7.1 General

The required diameter of the impulse line depends on the service conditions. Lines having an internal diameter
less than 6 mm do not easily allow gas bubbles to flow up and out of a liquid system, nor allow liquid drops to
flow down. In smaller impulse-line sizes and with liquids, capillary effects can become significant. If
condensation is likely to occur, or if gas bubbles are likely to be liberated from a liquid, the bore diameter shall
be not less than 6 mm and should preferably be at least 10 mm. The internal diameter should not exceed
25 mm.
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4.7.2 Process industries

In most process-control applications, the primary concern is reliability. If the pressure taps or the impulse lines
plug, then the flow-rate information is lost. The automatic control system manipulates the controls and attempt
to control the flow. This can result in a dangerous or expensive variation from the desired operating conditions.
High reliability is required for flow signals used in the process safety management. A minimum internal diameter
of 10 mm is recommended in industrial applications. For specific fluids and requirements, some users specify
18 mm as the minimum internal diameter. For high-temperature condensing-vapour service, 25 mm has been
specified to aid in the flow of condensate. Large tubing diameters are not recommended for accurate
measurements in clean fluids. In small piping and with clean fluids, smaller sizes may be used as appropriate
and with proper care for draining and venting.

4.7.3 Reseafch and special applications

See Annex B
important and
this situation,
ensure that th

for a consideration of impulse-line dynamics. For special applications where,fast dynami
where fluids can be kept clean, special transducers with very small internal ¥olumes are us
it is necessary that the installation has been engineered to suit the application and then teg
e data collected are accurate and suitable for the application.

CS are
ed. In
ted to

NOTE 1 Lineq as small as 4 mm have been used.

The lines shal arried

out.

| be short and carefully arranged. Testing and proving of.special installations should be d

NOTE 2 See glso Annex C for an example calculation of the head created by a difference in elevation between the g
and secondary|devices.

rimary

4.8 Insulatjon
Some hot or ery cold lines require thermal insulation for personnel protection. It can also be necessary to
insulate and ‘heat trace” the impulse lines_to.avoid freezing or unintended condensation. The amount gf heat

used shall be

condensation

such as not to cause undesired vaporizing of liquids in liquid-filled lines or the preven
with condensable vapours.it is recommended to bundle the impulse lines together so thg

ion of
t they

are at approximately the same temperature.

5 Horizontal piping installations

5.1 Gases

Wall pressure Inless
the measured fluid is a vapour that is intended to condense in the secondary system (see 5.3). However, if the
fluid is a “wet gas”, i.e. a gas containing small quantities of liquids, the connecting lines from the point of
breakthrough on the primary device to the point of entry to the secondary device shall slope upwards. The
recommended slope for self-draining is a minimum of 8 %. See Clause 8 for special cases.

fnpe onthe primnry device shall be on the haorizontal centreline or up tothe 'mp of the Inilnn7

5.2 Liquids

Wall pressure taps shall be on the horizontal centreline. Taps below the centreline can accumulate solids, while
taps above the centreline can accumulate air or non-condensing gases. In neither case should the taps be more
than 45° to the horizontal plane. In liquid service, the connecting lines from the primary device shall slope
downward to the secondary device with no upturns or pockets. The minimum recommended slope for self-
venting is 8 %. See Clause 8 for special cases.
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5.3 Condensing vapours, e.g. steam
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The wall pressure taps shall be on the horizontal centreline of the primary device. In condensing hot-vapour
service, such as steam, the fluid in the impulse lines is liquid condensed from the vapour. In this case, the wall
pressure taps should be horizontal with the impulse lines sloping downwards to the secondary device; see
Figure 3.

Figur

NOTE

b 3 — Steam service, secondary below primary: (with condensate pots, which may be ins

At start-up, the secondary device can be exposed to the vapour temperature before the lines fill

liquid

nd cool. In this case, it is prudent to havera-plugged Tee-fitting in the impulse line to enable the in

talled, shown)

vith condensed
hpulse line and

secondary device to be filled with liquid (waterfor steam service) prior to start-up. Where possible, this problem can be

mitigated by a careful start-up procedure, slowly filling the system and allowing sufficient time for pressure-tr

to con

Equal
resulti

6 Vi

6.1 ¢

ense the vapours. See Clause 8 for special cases.

zing manifold valves should not be operated with more than two valves open at the sam

ansmitting lines

b time, as the

hg fluid circulation can“éxceed the temperature rating of valves and secondary instrumentation.

prtical piping.systems

General

In the
conce

Ldst Uf Vcltibdi pipUD, ti ICIT Al gUIIUld”y LILLYJ plUbiGlllb [=85) fdl [=85) tiIU ldulidi PUbit;Ull Uf Ml
rned. Both taps should face in the same radial direction.

6.2 Gases

>ssure taps is

In dry, non-condensing gases, the connecting lines from the primary device shall slope upwards to the

secon

dary device, as described in 5.1 above.

6.3 Liquids

For liquid service in horizontal lines, the piping shall be as described in 5.2 above.
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6.4 Condensing vapours, e.g. steam

6.4.1 General

In condensing vapour service there are two choices for impulse-line design for flow in a vertical line. These are
discussed in 6.4.2 and 6.4.3.

6.4.2 Equal

The lower imlmllen line shall he formed nlnwnrri hefore ’rnrning haorizontal to become at the same hnighf

impulse tubing height installation

as the

upper impulse
impulse lines

6.4.3 Calibration compensated installation

The two impu
the secondary
contained liqy

7 Piezom
The requirem

A piezometer
of the primary

8 Special

Any system tq

attention to degtails to avoid errors.

NOTE See Ar

As an exampl

line and then down to the secondary device. This provides an equal head of liquid in both v
eading to no requirement for a special calibration correction.

se lines shall leave the pipe horizontally and then turn down to the secondary device. The 2
device shall be adjusted to account for the difference in heights of the.two impulse lines a
id. Zeroing should be done only electrically, as it is both simpler and-safer.

pter ring
bnts and recommendations given in Clauses 5 and 6 shall apply to piezometer installations|

ring may be used to physically average the pressures from the several pressure taps in the
device. There can be a requirement to periodically vent or drain the ring.

cases

which the above requirements and recommendations cannot apply requires careful desid

nex D for examples of special’cases.

b, it is possible todnstall a primary element in a buried liquid line with the secondary device

it if any accu
liquid level in
of the pipe s
elementsing
removal of liq
installation m

aybe used in two -phase liquid serwce but a close coupled mstallatlon as |Ilustrated in Figu

ulated gases are)removed from the impulse lines before they accumulate enough to depre
he impulse_lines (see Figure D.7). In condensable service, such as steam, orientation at {
ould be aveided to reduce the collection of non-condensable gas in the impulse tubing. P
bs service 'with the secondary mounted below the primary require provision for accumulatiq
ids/before the liquids rise above the secondary device pressure taps (see Figure D.8). The

ertical

ero of
nd the

plane

n and

above
ss the
he top
fimary
n and
same

re 1is

the liquid (or liquid in the gas), F|gures D.3 and D.4 are appllcable For condensmg vapours Wlth the secondary
device above the primary, see Figure D.9. A clean fluid can be used to purge the system and to keep dirt out
(see Figure D.10).

Pre-filled, physical barrier-diaphragm seals, called remote seals, or chemical seals are used in certain
applications. Deflection of the diaphragm requires some small force, which it is essential to consider in the
calibration process. Errors are reduced with larger diaphragms and good design. It is recommended that the
impulse lines or capillary tubes to remote seals be of identical length and be arranged to reduce the exposure
to different temperatures.

Cryogenic systems may require special designs not considered here. The liquids in the lines isolate the
secondary device from the temperatures of the primary flowing fluid. The temperature difference can be
considerable over a short distance of, for example, 100 mm to 200 mm.

© ISO 2007 — All rights reserved


https://standardsiso.com/api/?name=beeedd9c4675243a5acc406c85236b1f

ISO 2186:2007(E)

Maintenance of special systems can be labour-intensive and require special care and knowledge. The
recommended installations require less maintenance to ensure accurate measurement.

© IS0 2007 - All rights reserved 9
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Annex A
(informative)

Guidance on pipe diameters for long impulse lines

It is always recommended that the shortest possible impulse-line lengths be used. Where it is not possible to
conform with this, guidance on the preferred line diameter may be obtained from Table A.1.

FableAt—trtermatdi : — N :

Pressure signal transmission distance
Type of metered fluid mm
Omto<16m 16)m to 45 m)

Water/steam 7t09 10

Dry air/gas

Wet air/wet ga$ @ 13 13

Oils of low to nlledium viscosity 13 19

Very dirty fluid$ 25 25

@ j.e. risk of corjdensation in pipes.
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Annex B
(informative)

Impulse-line dynamics

The pipe or tubing between the primary element and the secondary device is a complex and imperfect dynamic-
pressure transmission line.

y devices are

Compyessible fluids inside impulse lines have acoustic resonant frequencies with standing Waves|and pressure
maxinpa odd multiples of 1/4-wavelength apart.

Depending on the properties of the flowing fluid, the geometry of the pressure tap and the tube gonnecting the
presslire transmitter, certain frequencies can be amplified in the lead line. Aniplified pressure pulses can affect
the seccondary device. The magnitude of this effect varies with the type of secondary device, the g{ometry of the

meter| flowing conditions, frequency response of the pressure transmittet, etc. Significant errorg are reported
with meters in reciprocating gas-compressor discharges when pressure pulsation is in excess ¢f 10 % of the
static pressure.

The problems are minimized with the use of short and direet.pressure-transmitting lines of constant inside
diameter and with a minimum of extra fittings.

ISO/TR 3313 gives more details on pressure pulsation:effects.

© IS0 2007 - All rights reserved 11
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Annex C
(informative)

Elevation head example calculation

C.1 General

As shown in Clause C.2, a difference in elevation of 2,54 m between the primary and secondary element with a
10 °C temperpture difference between the two water-filled tubes creates a pressure difference of 0,619|mbar.
This error is independent of the secondary device calibration span or the actual flow. With a relatively| small
span, and at Ipw flow rates, the error caused by the impulse line temperature difference can be substantipl.

Errors due tolliquids standing in gas-measurement impulse lines, or due to air in liquid meters; can belmuch
larger.

C.2 Example calculation

The example |s based on the following conditions:
a) elevation difference: 2,54 m;
b) service: water;

c) ambient t¢mperature: 20 °C.

Table C.1 — Example calculation for two cases

Conditions Tube temperature | Specific volume Density Density ratio | Pressure difference
°c m®/kg kg/m® Pa (mbar)
Base 20 0,001 002 998,035 1,000 00 —
Case 1 30 0,001 004 995,554 0,997 514 61,9 (0,619

NOTE The spegific volume values were obtained fromi"ASME Steam Tables, Fifth Edition [,

12 © 1SO 2007 — All rights reserved
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(informative)

Supplementary figures

ISO 2186:2007(E)

The figures in this annex depict specific valve and service configurations that can be encountered in pressure-
signal transmission between primary and secondary elements.

Key

N o ok WON =

secondary conngction flange matches instrument taps
equalizing valve

block valves

plan view

drain or purge connection shown plugged

process connection flange

front view

Figure D.1 — Three-valve manifold — Schematic
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Figure D.2 — Details, block-valve interference

/

a8 Slope is 1:12.

Figure D.3 — Gas service, secondary above primary

-

Figure D.4 — Liquid service, secondary below primary
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N
1
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\1 | — B | 10 _
| \/ >
a A \
~— CDV\ S R c
b
4
\d
Key
1 optional detail: condensate pot replaces plugged cross\as required
2 globe valve stem is horizontal to eliminate pocket,-neb required with ball valve
3 primary element
4 front view
a

The line between pressure tap and tee is filled-with vapour, below the tee the fluid is liquid.

o

Inqulate lines together if required for personnel and freeze protection.
¢ Fofm the lower impulse line upwards:to match the height of the upper pressure tap.

d To secondary device.

Figure D.5 —Vertical flow, condensing service, detail for equal head installatign
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Key

a b~ O =

16

secondIry element

manifol
impulse]
isolation
conduit

piping
valves

Figure D.6=— Piezometer ring, symmetrical
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