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Forewo

rd

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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ISO 5167, consisting of six parts, covers the geometry and method of use (installation and operating
conditions) of orifice plates, nozzles, Venturi tubes, cone and wedge meters when they are inserted in a
conduit running full to determine the flow rate of the fluid flow in the conduit. It also gives necessary
information for calculating the flow rate and its associated uncertainty.

ISO 5167 (all parts) is applicable only to pressure differential devices in which the flow remains
subsonic throughout the measuring section and where the fluid can be considered as single-phase, but
it is not applicable to the measurement of pulsating flow. Furthermore, each of these devices can only

beu
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sufalcient in number, spread and quality to enable coherent systems of application.to be ba

sed withi specified timitsof pipe size and Reynotds Tamber;, Re:
5167 (all parts) deals with devices for which direct calibration experiments_have

ts and coefficients to be given with certain predictable limits of uncertainty.‘-Howeve
rs calibrated in accordance with Clause 7, a wider range of pipe size, § afid ‘Reynolds
nsidered.

pressure tappings. All other instruments or devices required to.facilitate the instrumg
known as secondary devices, and the flow computer that receives these readings an
hlgorithms is known as a tertiary device. ISO 5167 (all part§) covers primary devices
res (see ISO 2186) and tertiary devices will be mentionedorly occasionally.

cts of safety are not dealt with in ISO 5167-1 to IS@\5167-6. It is the responsibility of]
re that the system meets applicable safety regulations.

been made,
sed on their
-, for wedge
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devices introduced into the pipe are called primary devices. The termprimary device aflso includes
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Measurement of fluid flow by means of pressure
differential devices inserted in circular cross-section
conduits running full —

This
wed
flow]

NOT

This

Reymolds number range. Clause 7 could also be useful guidance for calibration of meter

desi

It al
with

This
mea
can
Itis
metq

Reynolds numbers are below 1 x-104.

NOT

Scope

document specifies the geometry and method of use (installation and ‘Gperating co
be meters when they are inserted in a conduit running full to determime the flow rate
ing in the conduit.

E 1

document gives requirements for calibration which, if )applied, are for use over th¢

bn but which fall outside the scope of this document:

50 provides background information for calculating the flow rate and is applicable in
the requirements given in ISO 5167-1.

document is applicable only to wedge meters in which the flow remains subsonic thr
suring section and where the fluid can‘be considered as single-phase. Uncalibrated wg

nditions) of
of the fluid

As the uncertainty of an uncalibrated wedge meter can be tog large for a particular application, it
could be deemed essential to calibrate the flow meter according to Clause‘7.

p calibrated
s of similar

conjunction

bughout the
dge meters

pnly be used within specified limits of pipe size, roughness, 8 (or wedge ratio) and Reynalds number.

hot applicable to the measurement,of pulsating flow. It does not cover the use of uncaliby
rs in pipes whose internal diameter is less than 50 mm or more than 600 mm, or wh

£ 2 A wedge meter has.d primary element which consists of a wedge-shaped restriction

geon

datafto fully characterize these devices, and therefore these meters are calibrated in accordance wit

2

etry. Alternative designs of wedge meters are available; however, at the time of writing there i

ormativereferences

ated wedge
bre the pipe

of a specific
5 insufficient
h Clause 7.

The [following documents are referred to in the text in such a way that some or all of their content

congtitutes requirements of this document. For dated references, only the edition cited

hpplies. For

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

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

ISO 5167-1, Measurement of fluid flow by means of pressure differential devices inserted in circular cross-

secti

on conduits running full — Part 1: General principles and requirements

3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 4006, ISO 5167-1 and the
following apply.

[SO and IEC maintain terminological databases for use in standardization at the following addresses:

— ISO Online browsing platform: available at https://www.iso.org/obp
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31
wedge gap
h

[EC Electropedia: available at https://www.electropedia.org/

maximum gap between the apex of the wedge element and the pipe wall, in the plane perpendicular to

the pipe axi
Note 1 to ent

3.2
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ry: See Figure 1.
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Note 1 to enflry: See ISO 4006:1991, Clause 2, for the meter inlet diameter, D.

edge gap (3.1) to the meter inlet diameter, D

Foss-sectional open area of the wedge meter

ples of the method of measurement and computation

le of the method of measurement is based on the installation of the wedge meter i
Wwhich a fluid is running full. Flow through a wedge meter produces a differential pres|
e upstream and downstream tappings.

bw rate can be determined by the following fornulae:
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e
2

orresponds to a larger‘wedge gap height, h (see Figure 1), and therefore a larger w

1

B=,|=

T

NOTE F
h/D ~ 0,298.

A;. The value of «can be calculated using Formula (3):
1=
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br exaple, h/D = 0,5 does not correspond to f= 0,5, but to = \/0,5 %~ 0,707. £ =0,5 correspon|
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R/D = 0,—4:/'44:\\v//7_
h/D =03
h/D =0,

o0

Direction of flow.
Figure 1 — Wedge meter showing different values of wedge ratio

The uncertainty limits can be calculated using the procedure given in [SQ-5167-1:2022, Clay

Simillarly, the value of the volume flow rate can be calculated since

m
1y =
P
where p is the fluid density at the temperature and pressune for which the volume is stated

Comlputation of the flow rate, which is a purely arithmetic process, is performed by re
diffdrent items on the right-hand side of Formula\(1) by their numerical values. Formula
computed values in Table A.1) gives wedge meter expansibility factors, €. The values in T
not intended for precise interpolation. Extrapolation is not permitted. However, for a mete
accofrding to Clause 7, the discharge coefficient, C, is generally related to the Reynolds numb¢
is itgelf related to g, and has to be obtained by iteration (see ISO 5167-1:2022, Annex A, f
regarding the choice of iteration procedure and initial estimates).

The [wedge gap, h, and the pipe.diameter, D, mentioned in Formula (3) are the values of th
working conditions. Measurements taken at any other conditions should be corrected for 3
expdnsion or contraction of\the primary device and the pipe due to the values of the temp
pressure of the fluid during the measurement.

As the wedge meter-flow rate calculation is particularly sensitive to the pipe diameter
gap [values usedsthe user shall ensure that these are correctly entered into the flow ¢
calctilations. The-measured internal diameter shall be used rather than a nominal value.

It is|neces§ary to know the density and the viscosity of the fluid at working conditions.
of a|compressible fluid, it is also necessary to know the isentropic exponent of the fluid
conditions.

se 8.

(4)

placing the
| (5) (or the
hble A.1 are
r calibrated
1, Re, which
br guidance

e lengths at
ny possible
brature and

and wedge
omputation

In the case
at working

5 Wedge meters

5.1 Field of application

Uncalibrated wedge meters can be used in pipes with diameters between 50 mm and 600 mm and with
0,377 < < 0,791 (wedge ratio 0,2 < h/D < 0,6). Wedge meters with g > 0,791 (h/D > 0,6) or 8 < 0,377

(h/D < 0,2) are not normally manufactured.

There are limits to the roughness which are addressed in 5.2.3, 5.2.7, and 6.3.2. There are limits to the

Reynolds number which are addressed in 5.5.2.
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5.2 General shape

5.2.1 The wedge meter as shown in Figure 2 comprises (listed in the direction of flow) an entrance
cylinder, an upstream pressure tapping, a pipe section including the wedge element, a downstream
pressure tapping, and an exit cylinder. The form of the pressure tappings is described in 5.4.

5.2.2 The diameter D shall be measured at the plane of the upstream tapping. The number of
measurements shall be a minimum of four equally spaced around the pipe internal circumference. The
arithmetic mean value of these measurements shall be taken as the value of D in the calculations.

The minimuy i 5D T i i $D.

Diameters ghall also be measured in planes other than the plane of the upstream pressure tapping

No diametef along the wedge meter shall differ by more than 0,4 % from the value of the méan diamleter.
This requirement is satisfied when the difference in the length of any of the measured diame¢ters
complies with the said requirement with respect to the mean of the measured diameters.

5 3 6
10 10

Key
meter bpdy

meter bpdy centreline
wedge element
wedge apex

high prejssure tapping
low pregsure tapping

LN U1 A W N

Directioh of flow.

Figure 2 — Geometric profile of wedge meter

5.2.3 The internal surface of the pipe section between the planes of the upstream and downstream
tappings shall be clean and smooth, and the roughness criterion, Ra, should be as small as possible and
shall be less than 10-3D.

5.2.4 The wedge plane angle, 6, shall be 90° + 2° at all points of intersection along the span of the
wedge apex. The span of the wedge apex shall be perpendicular to the centreline of the tappings and
also to the centreline of the wedge meter.

4 © IS0 2022 - All rights reserved
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5.2.5 The radius of curvature of the wedge apex, R, as shown in Figure 3, shall be less than or equal
to 1 mm along the span of the wedge apex.

5.2.
mea

5.2.]
asp

5.2.

to mlinimize the size of the weld beads within the limits requibed for structural integrity.

5.2.9 Where the wedge is attached to the meter body byswelding, the manufacturer shall ¢

is nd

5.3

5.3.
tech
rem

5.3.
stru

5.4

5.4.
bore
exar

The

Figure 3 — Radius of curvature, R, at the wedge apex

b The upstream external angle, 8, and downstream external angle, 6,,40f the weg
sured and shall both be equal to 135° + 2°.

' The wedge surface shall be clean and smooth, and the roughness.criterion, Ra, shall
pssible and shall always be less than 10-3D.

B Where the wedge is attached to the meter body by weldixg, the manufacturer shou

intrusion of the weld into the design throat area¢
Material and manufacture

| The wedge meter may be manufdctured from any material and using any c
hique, provided that the wedge reter is in accordance with the foregoing descripti
hin so during use.

P Hollow wedge element)designs shall include a pressure equalization system to
Ctural stability of the wedge under rapid pressure changes.

Pressure tappings

ge shall be

be as small

Id take care

nsure there

pnstruction

on and will

ensure the

| The upstream tapping shall be made either in the form of a pipe wall pressure tapping or a large

branch tapping. It is recommended that the tappings be as small as compatible with t
hple, with its viscosity and contaminants).

large bore tapping design may be considered to be more applicable for slurry, corrosi

he fluid (for

ve fluids, or

flui

s which require diaphragm seals.

5.4.2 The centreline of the tappings shall be perpendicular to and pass through the centreline of the
meter body (see Figure 2). The centreline of the tappings shall also be perpendicular to the line of the
wedge apex £2°. The tappings shall be located on the same side of the meter body as the wedge element.

5.4.3 The centreline of the tappings shall be located 1D *+ 0,02D from the nearest point of the wedge
element.

5.4.4 The diameter of pipe wall pressure tappings shall be between 4 mm and 10 mm.

© IS0 2022 - All rights reserved
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5.4.5 The diameter of large bore branch tappings shall be between 25 mm and 75 mm, and moreover
shall never be greater than D.

5.4.6 Atthe point of break-through, the hole of the pressure tapping shall be circular. The edges shall
be flush with the pipe wall and free from burrs. The radius shall not exceed one-tenth of the diameter of
the pressure tapping.

5.4.7 Each pressure tapping should be cylindrical over its length.

5.4.8 Conformity of the pressure tapping with the two foregoing requirements is assessed by visual
inspection.

5.5 Discharge coefficient, C

5.5.1 Limits of use

A simultangous use of extreme values for D, f and Rej, shall be avoided as otherwise the uncertainties
given in 5.7|might increase.

For installations outside the limits defined in 5.5.2 for D, § and Rey, itis‘necessary to determing the
discharge cpefficient for each meter by calibration in accordance with-€lause 7 over its entire Reyrolds
number range of operation.

The effects|of Rep, Ra/D and f on C are not yet sufficiently knowa for it to be possible to give rellable
values of C putside the limits defined in this document.

Refer to Afnex B for information regarding the traditional Kd? parameter, which is geometrifally
related to tte discharge coefficient, C.

5.5.2 Disgharge coefficient of the wedge meter

Wedge meters can only be used in accordance with this document when:

50 mm g D <600 mm
0,377 <|8< 0,791 (0,2 < h/D €0,6)
1x10%k Rep <9 x 108

Under thesg conditions the value of the discharge coefficient C for an uncalibrated meter[2! is:

C=0,77-6,098

5.6 Expansibility [expansion] factor, ¢

As no data or equation for the expansibility [expansion] factor has been generated for the wedge meter,
the theoretical isentropic expansibility [expansion] equation is applied, given in Formula (5).

-1
e KT% 1-p* 1—T(K % )
k-1 1—B4r% 1-7

This formula is generally applied to wedge meters for gases and vapours for which the isentropic
exponent is known.

6 © IS0 2022 - All rights reserved
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Values of the expansibility [expansion] factor for a range of isentropic exponents, pressure ratios and f§
(and wedge ratios) are given for convenience in Annex A.

5.7

Uncertainty of the discharge coefficient, C

The uncertainty of an uncalibrated wedge meter is relatively high when compared with orifice, nozzles
and Venturi tube differential pressure devices. However, if a flow calibration is carried out as per
Clause 7, the uncertainty in discharge coefficient is comparable to that of these other devices. Therefore,
for applications requiring higher accuracy, it is recommended that every wedge meter is calibrated over

the flull operational range of Reynolds number as specified in Clause 7.

Ug,
conf]

5.8

Fron
959

5.9

The
diffe

This

the relative expanded uncertainty of the value of C as given in 5.5.2[5] at k = 2 (approxir
idence level), is equal to 4 %.

Uncertainty of the expansibility [expansion] factor, ¢

n available data, U:s, the relative expanded uncertainty of the valuie of € at k = 2 (apj
confidence level), is estimated by Formula (6), given in %:
100(1-7)
3¢
Pressure loss
pressure loss, Aw, for the wedge meter described in this document is approximately re

rential pressure, Ap, by Formula (7):
AD =(1,09-0,7983) Ap

tapp
reco
of t

6.1

Geng

Clauy|

pressure loss is the difference in static pressure between the pressure measured at th
ing and that measured onsthe downstream side of the wedge meter, where the stat

ery by expansion of the jet may be considered as just completed (approximately 5D d
e centreline of the downstream tapping).

nstallation réquirements

General

ralinstallation requirements for pressure differential devices are contained in ISO §

nately 95 %

broximately

(6)

lated to the

(7)

e upstream
ic pressure
ownstream

167-1:2022,
quirements

g3 7 and shall be followed in con]unctlon w1th the addltlonal spec1f1c 1nstallat10n re

he primary

device are given in ISO 5167-1: 2022 7 3. The requlrements for use of a flow condltloner are given in
ISO 5167-1:2022, 7.4; however, flow conditioners are generally not used with wedge meters.

6.2 Minimum upstream and downstream straight lengths for installations between
various fittings and the wedge meter

The designer of the metering system should make reasonable efforts to minimize flow disturbances.

The effect of the disturbance is relative to the meter’s performance with no disturber installed.

Upstream straight lengths shall be measured from the downstream end of the curved portion of the
nearest (or only) bend or the downstream end of the curved or conical portion of a reducer or expander
to the plane of the centreline of the upstream tapping of the wedge meter.

© IS0 2022 - All rights reserved
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Downstream straight lengths shall be measured from the plane of the centreline of the downstream
tapping of the wedge meter to the upstream end of the curved portion of the nearest (or only) bend
or the upstream end of the curved or conical portion of a reducer or expander. Fittings at least 6D
downstream of the wedge meter introduce no additional errors.

These data were collected with a 100 mm NB wedge meter with = 0,707 (h/D = 0,5), but given the
absence of other data they are assumed to be applicable for 0,377 << 0,791 (wedge ratio 0,2 <h/D < 0,6).
The lengths given in Table 1 are sufficient to avoid shifts in discharge coefficient greater than 0,5 %.

Table 1 — Recommended upstream straight lengths for flow disturbers

Single 90° bend 7D

Three 90° bends with parallel exit and outlet 22D
Two 90° bends in the same plane 21D
Concentric expander (D/2 to D) 7D
Concentric reducer (3D/2 to D) 7D
Partially closed valve 15D

Pipe tee - straight run 7D.

Pipe tee - used as elbow or tee 8D.

Fully open, full-bore, isolation valves introduce no additional errors.
6.3 Addifional specific installation requirements for wedge meters
6.3.1 Cir¢ularity and cylindricality of the pipe

6.3.1.1 Oyer the required upstream length from Table 1, measured from the plane of the centreline of
the upstream pressure tapping, the pipe shall be cylinidrical. The pipe upstream of the entrance cylinder
is said to bg cylindrical when no diameter in any-plane differs by more than 2 % from D. The numbjer of
measurements in a plane shall be equal to aminimum of four. At least one axial plane shall be examjfined
in addition to the plane of the upstream tapping.

6.3.1.2 OyYer a downstream length\of at least 6D measured from the plane of the centreline of the
downstrear tapping, the pipe shall’be cylindrical. The pipe downstream of the exit cylinder is|said
to be cylinglrical when no diameter in any plane differs by more than 2 % from D. The number of
measurements in a plane shall\be equal to a minimum of four. At least one axial plane shall be examjfined
in addition to the plane ofthé downstream tapping.

6.3.1.3 Tle meandiameter of upstream pipe where it joins the entrance cylinder shall be within|1 %
of the diameter D, as'defined in 5.2.2.

6.3.2 Roughness of the upstream and downstream pipe

The upstream and downstream pipe roughness criterion, Ra, shall be less than 10-3D over the required
upstream lengths and 6D downstream.

6.3.3 Positioning of a thermowell

If a thermowell is installed, it is recommended that it be located downstream of the wedge. Its location
shall be between 4D and 14D downstream of the plane of the downstream tapping. Refer to 5.9 and
IS0 5167-1:2022, 5.4.4.1 for guidance on calculating the temperature correction to an upstream tapping.

8 © IS0 2022 - All rights reserved
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6.3.4 Bidirectional wedge meters

Wedge meters can be used for bidirectional applications; however, consideration shall be given to the
location of the tappings and the position of the thermowell(s). Furthermore, any calibration is only valid
for the direction of flow during the calibration (see 7.4).

7 Flow calibration of wedge meters

7.1 General

For fisers of wedge meters of the geometry described in this standard that require a lowdr discharge
coefficient uncertainty than that stated in 5.7, or for users of devices where the geometiy’differs from
that|described in this standard, the wedge meter shall be calibrated.

The purpose of a flow calibration is to determine the discharge coefficient of an ihdividual wedge meter
and |ts associated uncertainty.

Whdre the geometry of the wedge meter differs from that described in this standard, the expansibility
equdtion given in Formula (5) shall not be used unless verified. In such-a case the manufadturer of the
wedpge meter shall provide an appropriate formula for the expansibility [expansion] factor.

Calibprated meters shall only be used over the calibrated Reynolds.number range.
NOTE For gas applications (other than those at ambient pragess conditions), an ambient-tempefature water

calibjration is unlikely to produce the required Reynolds number range. The Reynolds number range is used to
help determine the choice of test facility.

7.2 | Test facility

The wedge meter shall be calibrated in such@manner as to ensure appropriate traceability[for the user
of the wedge meter for the intended application.

NOTE For guidance on what might bejappropriate, ISO/IEC 17025 is applicable.

7.3 | Meter installation

The wedge meter should pe ifistalled with a long straight inlet run, with a minimum of 10D ¢f upstream
stralght length of the san€ nominal pipe diameter immediately preceding the wedge metgr. Similarly,
the wedge meter shatild have a minimum of two diameters of downstream straight length |of the same
nomfinal pipe dianfeter immediately after the wedge meter.

The prientation'of the wedge meter is irrelevant.

If the wedge meter in operation will be installed in pipe work that significantly diffefs from the
instgllation guidelines in this document, the operational pipe design should be replichted at the

calibration Far‘i]ify inordertoreducethe nnr‘nrfninfy ofthe urnr]gn meterinitsinstallation

7.4 Design of the test programme

The wedge meter should be calibrated, as a minimum, over the entire Reynolds number range the meter
is expected to see in operational service. The number of test points (i.e. nominal Reynolds numbers
at which data are collected) shall be appropriate for the metering application. The test facility can
calibrate the wedge meter using liquid or gas, or both liquid and gas in separate tests to cover the
required Reynolds number range.

The calibration data of a wedge meter are not transferrable to another wedge meter. If the meter has
multiple sets of tappings, each set shall be calibrated as if it were a separate meter. Bidirectional meters
shall be calibrated in both directions. Extrapolation of the calibration shall not be permitted.
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7.5 Reporting the calibration results

The calibration test report should as a minimum provide tabulated results of the differential pressure,
Reynolds number, and discharge coefficient values. The provision of graphs is also recommended for
ease of analysis.

The discharge coefficient versus Reynolds number relationship determined in the calibration process
shall be implemented according to the user’s requirements. If this relationship is not constant within
the user’s tolerance then a non-constant mathematical expression should be used which will require an
iterative solution. As stated in 7.4, the user shall not extrapolate this mathematical expression.

7.6 Uncertainty analysis of the calibration

7.6.1 General
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the results shall be recorded in the calibration report:

liquid and gas tests are separately used to.cover the Reynolds number range
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rertainty of the discharge coefficient-0fthe wedge meter

ion procedure and the calculated-incertainty of the discharge coefficient of the w
test shall be recorded in the calibration report. As so few measurements are taken at
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5 %

] for
uted
psen

the
ition

pdge
each

10

© IS0 2022 - All rights reserved


https://standardsiso.com/api/?name=434b94f02342823c83830996b2488b42

	Foreword 
	Introduction 
	1 Scope 
	2 Normative references 
	3 Terms and definitions 
	4 Principles of the method of measurement and computation 
	5 Wedge meters 
	5.1 Field of application 
	5.2 General shape 
	5.3 Material and manufacture 
	5.4 Pressure tappings 
	5.5 Discharge coefficient, C 
	5.5.1 Limits of use 
	5.5.2 Discharge coefficient of the wedge meter 

	5.6 Expansibility [expansion] factor, ε 
	5.7 Uncertainty of the discharge coefficient, C 
	5.8 Uncertainty of the expansibility [expansion] factor, ε 
	5.9 Pressure loss 

	6 Installation requirements 
	6.1 General 
	6.2 Minimum upstream and downstream straight lengths for installations between various fittings and the wedge meter 
	6.3 Additional specific installation requirements for wedge meters 
	6.3.1 Circularity and cylindricality of the pipe 
	6.3.2 Roughness of the upstream and downstream pipe 
	6.3.3 Positioning of a thermowell 
	6.3.4 Bidirectional wedge meters 


	7 Flow calibration of wedge meters 
	7.1 General 
	7.2 Test facility 
	7.3 Meter installation 
	7.4 Design of the test programme 
	7.5 Reporting the calibration results 
	7.6 Uncertainty analysis of the calibration 
	7.6.1 General 
	7.6.2 Uncertainty of the test facility 
	7.6.3 Uncertainty of the discharge coefficient of the wedge meter 


	Annex A (informative) Table of expansibility [expansion] factor 
	Annex B (informative) Use of Kd2 parameter 
	Bibliography 

