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i i

PREFACE

This Standard was prepared by the Standards Australia Committee on Measurement of Water Flow in Open

Channels and Closed Conduits. It is identical with and has been reproduced from ISO 51 67-1 : 1 991 , Measurement

offluid flow by means ofpressure differential devices, Part 1 : Orifice plates, nozzles and Venturi tubes inserted

in circular cross-section conduits running full.

Under arrangements made between Standards Australia and the international Standards bodies, ISO and IEC, as

well as certain other Standards organizations, users of this Australian Standard are advised of the following:

(a) Copyright is vested in Standards Australia.

(b) The number of this Standard is not reproduced on each page; its identity is shown only on the cover and

title pages.

(c) There may be occasional dual language sections, but English is always one of the languages reproduced.

(d) Where any cross-references to page numbers appear within the text, these relate to page numbering in the

international Standard and are to be disregarded.

This Standard is one of a series, to be published progressively, which deals with methods of measurement of fluid

flow in closed conduits. The following Parts were published concurrently with this Part:

AS

2360 Measurement of fluid flow in closed circuits

2360.0 Part 0: Vocabulary and symbols

2360. 1 . 1 Part 1 . 1 : Pressure differential methods—Measurement using orifice plates, nozzles or Venturi

tubes—Conduits with diameters from 50 mm to 1 200 mm (this Standard)

2360.1 .2 Part 1 .2: Pressure differential methods—Measurement using orifice plates or nozzles—Conduits with

diameters less than 50 mm

2360.1 . 3 Part 1 .3 : Pressure differential methods—Measurement using orifice plates, nozzles or Venturi

tubes—Guide to the use of methods specified in Parts 1 . 1 and 1 .2

2360. 1 .4 Part 1 .4: Pressure differential methods—Measurement using orifice plates, nozzles or Venturi

tubes—Guide to the effect of departure from the conditions specified in Part 1 . 1

2360. 1 .5 Part 1 .5 : Pressure differential methods—Measurement using orifice plates, nozzles or Venturi

tubes—Pulsating flow, in particular sinusoidal or square wave intermittent periodic-type

fluctuations

2360.6. 1 Part 6.1 : Volumetric methods—By mass

2360.6.2 Part 6.2: Volumetric methods—By volume

2360.7. 1 Part 7.1 : Assessment of uncertainty in the calibration and use of flow measurement devices—Linear

calibration relationships

2360.7.2 Part 7.2: Assessment of uncertainty in the calibration and use of flow measurement devices—Non-

linear calibration relationships

At the date of publication of this Part the following Parts, with the numbers of the parent international Standards

in parenthesis, had not been published:

Pressure differential methods—Measurement using orifice plates, nozzles or Venturi tubes—Connections for

pressure signal transmissions between primary and secondary elements (ISO 21 86)

Pitot static tube methods—Measurement of velocity at a point of the cross-section of a conduit (ISO 71 45)

Pitot static tube methods—Measurement using Pitot-static tubes (ISO 3966)

Pitot static tube methods—Measurement in swirling or asymmetric flow conditions using ISO 3966 or ISO 3354

(ISO 71 94)
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Current meters method—Measurement of clean water in full conduits and under regular flow conditions using

current meters (ISO 3354)

Non-radioactive tracer methods—Review of alternative methods (ISO 2975. 1 )

Non-radioactive tracer methods—Measurement using constant rate inj ection (ISO 2975.2)

Non-radioactive tracer methods—Measurement using transit time (ISO 2975.6)

Weighing methods—Verification of static type (ISO 9368.1 )

Weighing methods—Verification of dynamic type (ISO 9368.2, not published)

When published, the details for the above unpublished Australian Standards will be listed in the Catalogue of

Australian Standards and Other Products.

For the purposes of this Australian Standard, the ISO text should be modified as follows:

(i) Wherever the words ‘ International Standard’ appear, referring to this Standard, they should be read as

‘Australian Standard’ .

(ii) Substitute a full stop (. ) for a comma (,) as a decimal marker.

(iii) The references to other publications should be replaced by references to Australian Standards as follows:

Reference to International Standard

ISO

468 Surface roughness—Parameters, their values

and general rules for spec ifying

requirements

4006 Measurement of fluid flow in closed

conduits—Vocabulary and symbols

51 68 Measurement of fluid flow—Evaluation of

uncertainties

Australian Standard

AS

2536 Surface texture

2360 Measurement of fluid flow in closed

conduits

2360.0 Part 0: Vocabulary and symbols

3778 Measurement of water flow in open

channels

3778.2.4 Part 2 . 4 : General—Estimation of

uncertainty of a flow-rate measurement
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AUSTRALIAN STANDARD 1

Measurement of flu id flow in closed condui ts

Part 1 .1 :
Pressure di fferential methods—Measurement using ori fice
plates, nozzles or Venturi tubes—Condu i ts wi th d iameters
from 50 mm to 1 200 mm

1 Scope

This part of ISO 51 67 speci fies the geometry and

method of use (instal lation and operating condi tions) of

ori fice plates, nozzles and Venturi tubes when they are

inserted in a condu i t runn ing fu l l to determine the flow-

rate of the flu id flowing in the condu i t. I t also g ives

necessary information for calcu lating the flow-rate and

i ts associated uncertainty.

I t appl ies on ly to pressure di fferential devices in which

the flow remains subsonic throughout the measuring

section and is steady or varies only slowly wi th time

and where the flu id can be considered as sing le-phase.

In addi tion , each of these devices can only be used

with in speci fied l im i ts of pipe size and Reynolds

number. Thus th is part of ISO 51 67 cannot be used for

pipe sizes less than 50 mm or more than 1 200 mm or

for pipe Reynolds numbers below 3 1 50.

I t deals wi th devices for which direct cal ibration

experiments have been made, sufficient in number,

spread and qual i ty to enable coherent systems of

appl ication to be based on thei r resu l ts and coefficients

to be g iven wi th certain predictable l imi ts of uncertainty.

The devices introduced into the pipe are cal led “primary

devices”. The term primary device also includes the

pressure tappings. Al l other instruments or devices

requ i red for the measurement are known as “secondary

devices”. Th is part of ISO 51 67 covers primary devices;

secondary devices 1 ) wi l l be mentioned on ly

occasional ly.

1 ) See ISO 21 86:1 973, Fluid flow in closed conduits— Connections for pressure signal transmissions between primary and

secondary elements.
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2

The di fferent primary devices deal t wi th in th is part of

ISO 51 67 are as fol lows:

a) ori fice plates, which can be used wi th corner

pressure tappings, D and D/2 pressure tappings2) ,

and flange pressure tappings;

b) ISA 1 932 nozzles3) , and long radius nozzles, wh ich

di ffer in shape and in the posi tion of the pressure

tappings;

c) classical Venturi tubes4) , and Venturi nozzles,

wh ich di ffer in shape and in the posi tion of the

pressure tappings.

2 Normative references

The fol lowing standards contain provisions which ,

through reference in th is text, consti tu te provisions of

th is part of ISO 51 67. At the time of publ ication , the

edi tions indicated were val id . Al l standards are subject

to revision, and parties to agreements based on th is

part of ISO 51 67 are encouraged to investigate the

possibi l i ty of applying the most recent edi tions of the

standards ind icated below. Members of IEC and

ISO maintain reg isters of currently val id International

Standards.

ISO 468:1 982, Surface roughness—Parameters, their

values and general rules for specifying requirements.

ISO 4006:1 991 , Measurement of fluid flow in closed

conduits—Vocabulary and symbols.

ISO 51 68:—5) , Measurement of fluid flow—Evaluation

of uncertainties.

3 Defin i tions

For the purposes of th is part of ISO 51 67, the

defin i tions g iven in ISO 4006 apply.

The fol lowing defin i tions are g iven on ly for terms used

in some special sense or for terms the meaning of

wh ich i t seems usefu l to emphasize.

3.1 Pressure measurement

3.1 .1 wal l pressure tapping: Annu lar or ci rcu lar

hole dri l led in the wal l of a condu i t in such a way that

the edge of the hole is flush wi th the internal surface of

the condu i t.

The hole is usual ly ci rcu lar but in certain cases may be

an annu lar slot.

3.1 .2 static pressure of a flu id flowing through a
straight pipel ine, p: Pressure which can be measured
by connecting a pressure gauge to a wal l pressure

tapping . Only the value of the absolu te static pressure

is considered in th is part of ISO 51 67.

3.1 .3 di fferential pressure, Δp: Di fference between
the (static) pressures measured at the wal l pressure

tappings, one of which is on the upstream side and the

other of which is on the downstream side of a primary

device (or in the throat for a Venturi tube) inserted in a

straight pipe through which flow occurs, when any

di fference in height between the upstream and

downstream tappings has been taken into account.

In th is part of ISO 51 67 the term “di fferential pressure”

is used only i f the pressure tappings are in the

posi tions speci fied for each standard primary device.

3.1 .4 pressure ratio, τ: Ratio of the absolu te (static)
pressure at the downstream pressure tapping to the

absolu te (static) pressure at the upstream pressure

tapping .

2) Ori fice plates wi th vena contracta pressure tappings are not considered in th is part of ISO 51 67.

3) ISA is the abbreviation for the International Federation of the National Standard izing Associations, wh ich was succeeded by
ISO in 1 946.

4) In the USA the classical Venturi tube is sometimes cal led the Herschel Venturi tube.

5) To be publ ished. (Revision of ISO 51 68:1 978)
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3.2 Primary devices

3.2.1 ori fice; throat: Opening of min imum cross-

sectional area of a primary device.

Standard primary device ori fices are ci rcu lar and

coaxial wi th the pipel ine.

3.2.2 ori fice plate: Thin plate in which a ci rcu lar

aperture has been machined.

Standard ori fice plates are described as “th in plate” and

“wi th sharp square edge”, because the th ickness of the

plate is smal l compared wi th the diameter of the

measuring section and because the upstream edge of

the ori fice is sharp and square.

3.2.3 nozzle: Device which consists of a convergent

in let connected to a cyl indrical section general ly cal led

the “throat”.

3.2.4 Venturi tube: Device which consists of a

convergent in let connected to a cyl indrical part cal led

the “throat” and an expanding section cal led the

“d ivergent” wh ich is con ical .

I f the convergent in let is a standardized ISA 1 932

nozzle, the device is cal led a “Venturi nozzle”. I f the

convergent in let is con ical , the device is cal led a

“classical Venturi tube”.

3.2.5 diameter ratio of a primary device used in a
g iven pipe, β: Ratio of the diameter of the ori fice (or
throat) of the primary device to the internal d iameter of

the measuring pipe upstream of the primary device.

However, when the primary device has a cyl indrical

section upstream, having the same diameter as that of

the pipe (as in the case of the classical Venturi tube) ,

the diameter ratio is the quotient of the throat d iameter

and the diameter of th is cyl indrical section at the plane

of the upstream pressure tappings.

3.3 Flow

3.3.1 rate of flow of flu id passIng through a
primary device, q: Mass or volume of flu id passing
through the ori fice (or throat) per un i t time; in al l cases

i t is necessary to state expl ici tly whether the mass rate

of flow qm, expressed in mass per un i t time, or the

volume rate of flow qV, expressed in volume per un i t

time, is being used.

3 . 3 . 2 Reyno l ds number, Re : D imens i on l ess

parameter expressing the ratio between the inertia and

viscous forces.

The Reynolds number used in th is part of ISO 51 67 is

referred to

— ei ther the upstream condi tion of the flu id and the

upstream diameter of the pipe, i . e.

Re
D

U
1
D

ν
1

4q
m

πμ
1
D

— or the ori fice or throat diameter of the primary

device, i . e.

Re
d

Re
D

β

3.3.3 isentropic exponent, κ: Ratio of the relative
variation in pressure to the corresponding relative

variation in densi ty under elementary reversible

adiabatic (isentropic) transformation condi tions.

The isentropic exponent κ appears in the di fferent

formulae for the expansibi l i ty [expansion] factor ε and
varies wi th the nature of the gas and wi th i ts

temperature and pressure.

There are many gases and vapours for which no values

for κ have been publ ished so far. in such a case, for
the purposes of th is part of ISO 51 67, the ratio of the

speci fic heat capaci ties of ideal gases can be used in

place of the isentropic exponent.

3.3.4 discharge coefficient, C: Coefficient, defined
for an incompressible flu id flow, which relates the

actual flow-rate to the theoretical flow-rate through a

device. I t I s g iven by the formula

C
q
m

1 – β4

π
4
d 2 2Δp

1

Cal ibration of standard primary devices by means of

incompressible flu ids (l iqu ids) shows that the discharge

coefficient is dependent on ly on the Reynolds number

for a g iven primary device in a g iven instal lation .

The numerical value of C i s the same for d i fferent

instal lati ons whenever such instal lati ons are

geometrical ly sim i lar and the flows are characterized by

identical Reynolds numbers.
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The equations for the numerical values of C g iven in
th is part of ISO 51 67 are based on data determined
experimental ly.

NOTE 1 The quanti ty is cal led the “veloci ty of1 / 1 – β4
approach factor” and the product

C
1

1 – β4

i s cal led the “flow coefficient”.

3.3.5 expansibi l i ty [expansion] factor, ε: Coefficient
to take into account the compressibi l i ty of the flu id . I t is
g iven by the formula

ε
qm 1 – β4

π
4
d2C 2Δp 1

Cal ibration of a g iven primary device by means of a
compressible flu id (gas) , shows that the ratio

qm 1 – β4

π
4
d2 2Δp 1

i s dependent on the value of the Reynolds number as
wel l as on the values of the pressure ratio and the
isentropic exponent of the gas.

The method adopted for representing these variations
consists of mu l tiplying the discharge coefficient C of the
primary device considered, as determined by di rect

cal ibration carried out wi th l iqu ids for the same value of

the Reynolds number, by the expansibi l i ty [expansion]

factor ε.

ε i s equal to un i ty when the flu id is incompressible and
is less than uni ty when the flu id is compressible.

Th is method is possible because experiments show that

ε i s practical ly independent of the Reynolds number
and, for a g iven diameter ratio of a g iven primary

device, ε on ly depends on the di fferential pressure,

static pressure and the isentropic exponent.

The numerical values of ε for ori fice plates g iven in th is
part of ISO 51 67 are based on data determined

experimental ly. For nozzles and Venturi tubes they are

based on the thermodynamic general energy equation .

3.3.6 ari thmetical mean deviation of the
(roughness) profi le, Ra: Ari thmetic mean deviation

from the mean l ine of the profi le being measured. The

mean l ine is such that the sum of the squares of the

distances between the effective surface and the mean

l ine is a min imum. In practice Ra can be measured wi th

standard equ ipment for machined surfaces but can only

be estimated for rougher surfaces of pipes. (See also

ISO 468. )

For pipes, the un i form equ ivalent roughness k i s used.

Th is value can be determined experimental ly

(see 8.3. 1 ) or taken from tables (see annex E) .
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4 Symbols and subscripts

4.1 Symbols

Symbol Quanti ty Dimension 1 ) SI uni t

C Coefficient of d ischarge dimension less —

d Diameter of ori fice (or throat of primary device at working
condi tions

L m

D Upstream internal pipe diameter (or upstream diameter of a
classical Venturi tube) at working condi tions

L m

e Relative uncertain ty d imension less —

k Uni form equ ivalent roughness L m

l Pressure tapping spacing L m

L Relative pressure tapping spacing

L
l

D

dimension less —

p Absolu te static pressure of the flu id ML–1 T–2 Pa

qm Mass rate of flow MT–1 kg/s

qV Volume rate of flow L3 T–1 m 3/s

R Radius L m

Ra Ari thmetical mean deviation of the (roughness) profi le L m

Re Reynolds number dimension less —

ReD Reynolds number referred to D dimension less —

Red Reynolds number referred to d dimension less —

t Temperature of the flu id Θ °C

U Mean axial veloci ty of the flu id in the pipe LT–1 m/s

β Diameter ratio

β d

D

dimension less —

y Ratio of speci fi c heat capaci ties2) dimension less —

δ Absolu te uncertain ty
3) 3)

Δp Di fferential pressure ML–1 T–2 Pa

Δϖ Pressure loss ML–1 T–2 Pa

ε Expansibi l i ty [expansion ] factor d imension less —

κ I sentropic exponent2) dimension less —

μ Dynamic viscosi ty of the flu id ML–1 T–2 Pa s

ν Kinematic viscosi ty of the flu id

ν μ

L–2 T–1 m 2/s

ξ Relative pressure loss dimension less —

Densi ty of the flu id ML–3 kg/m 3

τ Pressure ratio

τ
p

2

p
1

dimension less —

ϕ Total ang le of the divergent section dimension less rad

1 ) M = mass, L = length , T = time, Θ = temperature.

2) y i s the ratio of the speci fic heat capaci ty at constant pressure to the speci fi c heat capaci ty at constant volume. For
ideal gases, the ratio of the speci fic heat capaci ties and the isentropic exponent have the same value (see 3.3.3) . These
values depend on the nature of the gas.

3) The dimensions and un i ts are those of the corresponding quanti ty.
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4.2 Subscripts

Subscript Meaning

1 Upstream

2 Downstream

5 Principle of the method of measurement
and computation

5.1 Principle of the method of measurement

The principle of the method of measurement is based

on the instal lation of a primary device (such as an

ori fice plate, a nozzle or a Venturi tube) in to a pipel ine

in which a flu id is runn ing fu l l . The instal lation of the

primary device causes a static pressure di fference

between the upstream side and the throat or

downstream side of the device. The rate of flow can be

determined from the measured value of th is pressure

di fference and from the knowledge of the

characteristics of the flowing flu id as wel l as the

ci rcumstances under which the device is being used. I t

i s assumed that the device is geometrical ly sim i lar to

one on which cal ibration has been carried out and that

the condi tions of use are the same, i . e. that i t i s in

accordance wi th th is part of ISO 51 67.

The mass rate of flow can be determined, since i t is

related to the di fferential pressure wi th in the uncertainty

l im i ts stated in th is part of ISO 51 67, by one of the

fol lowing formulae:

. . . (1 )q
m

C

1 – β4

1

π
4
d 2 2Δp

1

or

. . . (2)q
m

C

1 – β4

2

π
4
d 2 2Δp

1

where 2 and ε2 are referred to the downstream

condi tions.

Note that

2 1
1

Δp
p
2

Simi larly, the value of the volume rate of flow can be

calcu lated since

. . . (3)q
V

q
m

where is the flu id densi ty at the temperature and

pressure for which the volume is stated.

5.2 Method of determination of the diameter
ratio of the selected standard primary device

I n practice, when determin ing the diameter ratio of a

primary element to be instal led in a g iven pipel ine, C

and ε used in the basic formulae (1 ) and (2) are, in
general , not known. Hence the fol lowing shal l be

selected a priori :

— the type of primary device to be used;

— a rate of flow and the corresponding value of the

di fferential pressure.

The related values of qm and Δp are then inserted in the
basic formu lae rewri tten in the form

C β
2

1 – β4

4q
m

πD 2 2Δp

in which and ε can be inserted for ei ther upstream or

downstream condi tions ( 1 and ε1 , or 2 and ε2) and the
diameter ratio of the selected primary device can be

determined by i teration (see annex D) .

5.3 Computation of rate of flow

Tables A. 1 to A. 1 6 are g iven for convenience: tables

A. 1 to A. 1 3 g ive the values of C as a function of β , ReD
and D for ori fice plates and nozzles, tables A. 1 4 and

A.1 5 g ive ori fice, nozzle and Venturi tube expansibi l i ty

factors ε1 , and table A. 1 6 g ives values of Venturi nozzle
discharge coefficients. They are not in tended for

precise interpolation . Extrapolation is not permi tted.

Computation of the rate of flow, wh ich is a purely

ari thmetic process, is effected by replacing the di fferent

terms on the right-hand side of the basic formula (1 ) or

(2) by their numerical values.

NOTES

2 Except for the case of Venturi tubes, C may be

dependent on Re, wh ich is i tsel f dependent on qm. I n such

cases the final value of C, and hence of qm, has to be obtained

by i teration . See annex D for gu idance regard ing the choice

of the i teration procedure and in i tial estimates.

3 Δp represents the di fferential pressure, as defined in

3. 1 . 3.

4 The diameters d and D mentioned in the formu lae are

the values of the diameters at the working condi tions.

Measurements taken at any other condi tions shou ld be

corrected for any possible expansion or contraction of the

primary device and the pipe due to the values of the

temperature and pressure of the flu id during the

measurement.

5 I t is necessary to know the densi ty and the viscosi ty of

the flu id at the working condi tions.
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5.4 Determination of densi ty

I t i s necessary to know the densi ty of the flu id at the

plane of the upstream or downstream pressure tapping ;

i t can ei ther be measured di rectly or be calcu lated from

a knowledge of the static pressure, temperature and

characteristics of the flu id at the appropriate plane.

However, i t is considered that the upstream pressure

tapping wi l l provide the most consistent resu l ts.

5.4.1 The static pressure of the flu id shal l be

measured in the plane of the upstream or downstream

pressure tapping by means of an individual pipe-wal l

pressure tapping (as described in 8.2. 1 ) or by means of

carrier ring tappings (see figure 6) .

5.4.1 .1 The static pressure tapping shal l preferably be

separate from the tappings provided for measuring the

components of the di fferential pressure, un less the

intention is to measure upstream and downstream

pressures separately.

I t i s, however, permissible to l ink simu l taneously one

pressure tapping wi th a di fferential pressure measuring

device and a static pressure measuring device,

provided that i t i s veri fied that th is double connection

does not lead to any distortion of the di fferential

pressure measurement.

5.4.1 .2 The static pressure value to be used in

subsequent computations is that existing at the level of

the centre of the measuring cross-section , which may

di ffer from the pressure measured at the wal l .

5.4.2 The temperature of the flu id shal l preferably be

measured downstream of the primary device. The

thermometer wel l or pocket shal l take up as l i ttle space

as possible. The distance between i t and the primary

device shal l be at least equal to 5D (and at most 1 5D

when the flu id is a gas) i f the pocket is located

downstream, and in accordance wi th the values g iven

in table 1 , columns 1 0 and 1 1 , i f the pocket is located

upstream.

Wi th in the l imi ts of appl ication of th is part of ISO 51 67

i t may general ly be assumed that the downstream and

upstream temperatures of the flu id are the same at the

di fferential pressure tappings.

However, i f the flu id is a gas, i ts upstream temperature

may be calcu lated from the temperature measured

downstream (at a distance of 5D to 1 5D) of the primary

device.

5.4.3 Any method of determin ing rel iable values of the

densi ty, static pressure, temperature and viscosi ty of

the flu id is acceptable i f i t does not in terfere wi th the

distribution of the flow in any way at the measuring

cross-section .

5.4.4 The temperature of the primary device and that

of the flu id upstream of the primary device are assumed

to be the same (see 7. 1 .9) .

6 Genera l req u i remen ts fo r th e
measurements

I n order to comply wi th th is part of ISO 51 67 the

fol lowing requ i rements shal l be met.

6.1 Primary device

6.1 .1 The primary device shal l be manufactured,

instal led and used in accordance wi th th is part of

ISO 51 67.

When the manufacturing characteristics and condi tions

of use of the primary devices are outside the l imi ts

g iven in th is part of ISO 51 67, i t i s necessary to

cal ibrate the primary device separately under the actual

condi tions of use.

6.1 .2 The condi tion of the primary device shal l be

checked after each measurement or after each series

of measurements, or at in tervals close enough to each

other so that conformi ty wi th th is part of ISO 51 67 is

maintained.

I t shou ld be noted that even apparently neutral flu ids

may form deposi ts or encrustations on primary devices.

Resu l ting changes in the discharge coefficient which

can occur over a period of time can lead to values

outside the uncertain ties g iven in th is part of ISO 51 67.

6.1 .3 The primary device shal l be manufactured from

material the coefficient of expansion of which is known,

except i f the user decides that the variations in the

dimensions due to the temperature changes may be

neg lected.

6.2 Nature of the flu id

6.2.1 The flu id may be ei ther compressible (gas) or

considered as being incompressible (l iqu id) .

6.2.2 The flu id shal l be such that i t can be considered

as being physical ly and thermal ly homogeneous and

sing le-phase. Col loidal solu tions wi th a h igh degree of

dispersion (such as mi lk) , and only those solu tions, are

considered to behave as a sing le-phase flu id .
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6.2.3 To carry out the measurement, i t i s necessary

to know the densi ty and viscosi ty of the flu id at the

working condi tions.

6.3 Flow condi tions

6.3.1 The rate of flow shal l be constant or, in practice,

shal l vary on ly sl ightly and slowly wi th time. Th is part of

ISO 51 67 does not provide for the measurement of

pu lsating flow, which is the subject of ISO/TR 331 36) .

6.3.2 The uncertain ties speci fied in th is part of

ISO 51 67 are val id on ly when there is no change of

phase through the primary device. I ncreasing the bore

or throat of the primary element wi l l reduce the

di fferential pressure, which may prevent a change of

phase. To determine whether or not there is a change

of phase, the flow computation shal l be carried out on

the assumption that the expansion is isothermal for

l iqu ids or isentropic for gases.

6.3.3 I f the flu id is a gas, the pressure ratio as defined

in 3. 1 .4 shal l be greater than or equal to 0,75.

7 Instal lation requirements

7.1 General

7.1 .1 The method of measurement appl ies on ly to

flu ids flowing through a pipel ine of ci rcu lar cross-

section .

7.1 .2 The pipe shal l run fu l l at the measuring section .

7.1 .3 The primary device shal l be instal led in the

pipel ine at a posi tion such that the flow condi tions

immediately upstream approach those of a fu l ly

developed profi le and are free from swirl (see 7.4) .

Such condi tions can be expected to exist i f the

instal lation conforms to requ i rements g iven in th is

clause.

7.1 .4 The primary device shal l be fi tted between two

sections of straight cyl indrical pipe of constant cross-

sectional area, in which there is no obstruction or

branch connection (whether or not there is flow into or

out of such connections during measurement) other

than those speci fied in th is part of ISO 51 67.

The pipe is considered as straight when i t appears so

by visual inspection . The requ i red min imum straight

lengths of pipe, wh ich conform to the description above,

vary according to the nature of the fi ttings, the type of

primary device and the diameter ratio. They are

speci fied in tables 1 and 2.

7.1 .5 The pipe bore shal l be ci rcu lar over the enti re

min imum length of straight pipe requ i red. The cross-

section is taken to be ci rcu lar i f i t appears so by visual

inspection . The ci rcu lari ty of the outside of the pipe can

be taken as a gu ide, except in the immediate vicin i ty of

the primary device where special requ i rements shal l

apply according to the type of primary device used (see

7.5. 1 and 7.6. 1 ) .

Seamed pipe may be used provided that the internal

weld bead is paral lel to the pipe axis throughout the

length of the pipe and satisfies the special

requ i rements for the type of primary element. The seam

shal l not be si tuated in any sector of ± 30° centred on
any pressure tapping .

7.1 .6 The internal d iameter D of the measuring pipe

shal l comply wi th the values g iven for each type of

primary device.

7.1 .7 The inside surface of the measuring pipe shal l

be clean and free from encrustations, pi tting and

deposi ts, and shal l conform wi th the roughness cri terion

for at least a length of 1 0D upstream and 4D

downstream of the primary device.

7.1 .8 The pipe may be provided wi th drain holes

and/or vent holes for the removal of sol id deposi ts and

flu ids other than the measured flu id . However, there

shal l be no flow through the drain holes and vent holes

during the measurement of the flow.

The drain holes and vent holes shal l not be located

near to the primary device, un less i t is unavoidable to

do so. In such a case, the diameter of these holes shal l

be smal ler than 0.08D and thei r location shal l be such

that the distance, measured on a straight l ine from one

of these holes to a pressure tapping of the primary

device placed on the same side of th is primary device,

is always greater than 0,5D. The axial planes of the

pipe contain ing respectively the centre-l ine of a

pressure tapping and the centre- l ine of a drain hole or

vent hole shal l be offset by at least 30° .

6) ISO/TR 331 3:1 974, Measurement of pulsating fluid flow in a pipe by means of orifice plates, nozzles or Venturi tubes, in

particular in the case of sinusoidal or square wave intermittent periodic-type fluctuations.
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7.1 .9 The pipe and the pipe flanges shal l be lagged.

I t i s, however, unnecessary to lag the pipe when the

temperature of the flu id , between the in let of the

min imum straight length of the upstream pipe and the

outlet of the min imum straight length of the downstream

pipe, does not exceed any l imi ting value for the

accuracy of flow measurement requ i red.

7.2 Minimum upstream and downstream
straight lengths required for instal lation
between various fi ttings and the primary
device

7.2.1 The min imum straight lengths are g iven in tables

1 and 2.

The min imum straight lengths speci fied in table 2 for

classical Venturi tubes are less than those speci fied in

table 1 for ori fice plates, nozzles and Venturi nozzles

for the fol lowing reasons.

a) they are derived from di fferent experimental

resu l ts and di fferent correlation approaches;

b) the convergent portion of the classical Venturi tube

is designed to obtain a more uni form veloci ty

profi le at the throat of the device. Tests have

shown that wi th identical d iameter ratios, the

min imum straight lengths upstream of the classical

Venturi tube may be less than those requ i red for

ori fice plates, nozzles and Venturi nozzles.

7.2.2 The straight lengths g iven in tables 1 and 2 are

min imum values, and the use of straight lengths longer

than those indicated is always recommended. For

research work in particu lar, straight lengths of at least

twice the upstream values g iven in tables 1 and 2 are

recommended for “zero addi tional uncertainty”7) .

7.2.3 When the straight lengths are equal to or longer

than the values g iven in tables 1 and 2 for “zero

addi tional uncertainty”7) , there is no need to add any

addi tional deviation to the discharge coefficient

uncertainty to take account of the effect of such

instal lation condi tions.

7.2.4 When the upstream or downstream straight

length is shorter than the “zero addi tional uncertainty”7)

values and equal to or greater than the “0,5% addi tional

uncertainty”:8) values, as g iven in tables 1 and 2, an

addi tional uncertain ty of 0,5% shal l be added

ari thmetical ly to the uncertainty on the discharge

coefficient.

7.2.5 I f the straight lengths are shorter than the

“0,5 % addi tional uncertainty”8) values g iven in tables 1

and 2, th is part of ISO 51 67 g ives no information by

which to predict the value of any addi tional uncertain ty

to be taken into account; th is is also the case when the

upstream and downstream straight lengths are both

shorter than the “zero addi tional uncertain ty”7) values.

7.2.6 The valves mentioned in tables 1 and 2 shal l be

fu l ly open. I t i s recommended that control of the flow-

rate be effected by valves located downstream of the

primary device. Isolating valves located upstream shal l

be fu l ly open and shal l be preferably of the “gate” type.

7.2.7 After a sing le change of di rection (bend or tee) ,

i t i s recommended that i f pai rs of sing le tappings are

used they be instal led so that thei r axes are

perpendicu lar to the plane of the bend or tee.

7.2.8 The values g iven in tables 1 and 2 were

obtained experimental ly wi th a very long straight length

upstream of the particu lar fi tting in question and so i t

cou ld be assumed that the flow upstream of the

disturbance was vi rtual ly fu l ly developed and swirl -free.

Since in practice such condi tions are di fficu l t to

ach ieve, the fol lowing in formation may be used as a

gu ide for normal instal lation practice.

a) I f the primary device is instal led in a pipe leading

from an upstream open space or large vessel ,

ei ther di rectly or through any fi tting , the total

length of pipe between the open space and the

primary device shal l never be less than 30D9) . i f

any fi tting is instal led, then the straight lengths

g iven in table 1 or 2 shal l also apply between th is

fi tting and the primary device.

b) I f several fi ttings other than 90° bends 1 0) are

placed in series upstream from the primary device,

the fol lowing ru le shal l be appl ied: between the

fi tting (1 ) closest to the primary device and the

primary device i tsel f, there shal l be a min imum

straight length such as is indicated for the fi tting

(1 ) in question and for the actual values of β i n

table 1 or 2. But, in addi tion , between th is fi tting

(1 ) and the preceding one (2) there shal l be a

straight length equal to one-hal f of the value g iven

7) Values wi thout parentheses in tables 1 and 2.

8) Values in parentheses in tables 1 and 2.

9) I n the absence of experimental data, i t seemed wise to adopt for classical Venturi tubes the condi tions requ i red for ori fice
plates and nozzles.

1 0) I n the case of several 90° bends, refer to tables 1 and 2 which can be appl ied whatever the length between two consecutive
bends.
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1 0
D
ia
m
e
te
r

ra
ti
o

Upstream (inlet) side of the primary device

Downstream
(outlet) side of
the primary

device

β

Sing le 90°
bend or tee

(flow from one
branch only)

Two or more
90° bends in

the same plane

Two or more
90° bends in
different
planes

Reducer 2D to
D over a length
of 1 ,5D or 3D

Expander 0,5D
to D over a

length of D or
2D

Globe valve
fu l ly open

Ful l bore bal l
or gate valve
fu l ly open

Abrupt
symmetrical
reduction
having a

diameter ratio
≥ 0,5

Thermometer
pocket or
wel l *) of
diameter
≤ 0,03D

Thermometer
pocket or
wel l *) of
diameter

between 0,03D
and 0,1 3D

Fi ttings
(columns 2

to 8)

1 2 3 4 5 6 7 8 9 1 0 1 1 1 2

0,20 1 0 (6) 1 4 (7) 34 (1 7) 5 1 6 (8) 1 8 (9) 1 2 (6)

30 (1 5)

⎫
⎪
⎪
⎪
⎪
⎪
⎪
⎪
⎪
⎪
⎪
⎪
⎬
⎪
⎪
⎪
⎪
⎪
⎪
⎪
⎪
⎪
⎪
⎪
⎭

5 (3)

⎫
⎪
⎪
⎪
⎪
⎪
⎪
⎪
⎪
⎪
⎪
⎪
⎬
⎪
⎪
⎪
⎪
⎪
⎪
⎪
⎪
⎪
⎪
⎪
⎭

20 (1 0)

⎫
⎪
⎪
⎪
⎪
⎪
⎪
⎪
⎪
⎪
⎪
⎪
⎬
⎪
⎪
⎪
⎪
⎪
⎪
⎪
⎪
⎪
⎪
⎪
⎭

4 (2)

0,25 1 0 (6) 1 4 (7) 34 (1 7) 5 1 6 (8) 1 8 (9) 1 2 (6) 4 (2)

0,30 1 0 (6) 1 6 (8) 34 (1 7) 5 1 6 (8) 1 8 (9) 1 2 (6) 5 (2,5)

0,35 1 2 (6) 1 6 (8) 36 (1 8) 5 1 6 (8) 1 8 (9) 1 2 (6) 5 (2,5)

0,40 1 4 (7) 1 8 (9) 36 (1 8) 5 1 6 (8) 20 (1 0) 1 2 (6) 6 (3)

0,45 1 4 (7) 1 8 (9) 38 (1 9) 5 1 7 (9) 20 (1 0) 1 2 (6) 6 (3)

0,50 1 4 (7) 20 (1 0) 40 (20) 6 (5) 1 8 (9) 22 (1 1 ) 1 2 (6) 6 (3)

0,55 1 6 (8) 22 (1 1 ) 44 (22) 8 (5) 20 (1 0) 24 (1 2) 1 4 (7) 6 (3)

0,60 1 8 (9) 26 (1 3) 48 (24) 9 (5) 22 (1 1 ) 26 (1 3) 1 4 (7) 7 (3,5)

0,65 22 (1 1 ) 32 (1 6) 54 (27) 1 1 (6) 25 (1 3) 28 (1 4) 1 6 (8) 7 (3,5)

0,70 28 (1 4) 36 (1 8) 62 (31 ) 1 4 (7) 30 (1 5) 32 (1 6) 20 (1 0) 7 (3,5)

0,75 36 (1 8) 42 (21 ) 70 (35) 22 (1 1 ) 38 (1 9) 36 (1 8) 24 (1 2) 8 (4)

0,80 46 (23) 50 (25) 80 (40) 30 (1 5) 54 (27) 44 (22) 30 (1 5) 8 (4)

*) The instal lation of thermometer pockets or wel ls wi l l not al ter the requ i red min imum upstream straight lengths for the other fi tti ngs.

NOTES

1 The min imum straight lengths requ i red are the lengths between various fi ttings located upstream or downstream of the primary device and the primary device i tsel f. Al l straight lengths
shal l be measured from the upstream face of the primary device.

2 Values wi thout parentheses are “zero addi tional uncertain ty” values (see 7.2.3) .

3 Values in parentheses are “0,5% addi tional uncertain ty” values (see 7.2.4) .
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1 1

Table 2 — Required straight lengths for classical Venturi tubes

Values expressed as mul tiples of D

Diameter ratio

β
Sing le 90°
bend*)

Two or more
90° bends in
the same
plane*)

Two or more
90° bends
in di fferent
planes*) **)

Reducer 3D to
D over a length

of 3,5D

Expander
0,75D to D over

a length D

Ful l bore bal l
or gate valve
ful ly open

0,30 0,5***) 1 ,5 (0,5) (0,5) 0,5***) 1 , 5 (0,5) 1 ,5 (0,5)

0,35 0,5***) 1 ,5 (0,5) (0,5) 1 ,5 0,5) 1 , 5 (0,5) 2,5 (0,5)

0,40 0,5***) 1 ,5 (0,5) (0,5) 2,5 (0,5) 1 , 5 (0,5) 2,5 (1 ,5)

0,45 1 ,0 (0,5) 1 ,5 (0,5) (0,5) 4,5 (0,5) 2,5 (1 ) 3,5 (1 ,5)

0,50 1 ,5 (0,5) 2,5 (1 ,5) (8,5) 5,5 (0,5) 2,5 (1 ,5) 3,5 (1 ,5)

0,55 2,5 (0,5) 2,5 (1 ,5) (1 2,5) 6,5 (0,5) 3,5 (1 .5) 4,5 (2,5)

0,60 3,0 (1 ,0) 3,5 (2,5) (1 7,5) 8,5 (0,5) 3,5 (1 ,5) 4,5 (2,5)

0,65 4,0 (1 ,5) 4,5 (2,5) (23,5) 9,5 (1 ,5) 4,5 (2,5) 4,5 (2,5)

0,70 4,0 (2,0) 4,5 (2,5) (27,5) 1 0,5 (2,5) 5,5 (3,5) 5,5 (3,5)

0,75 4,5 (3,0) 4,5 (3,5) (29,5) 1 1 ,5 (3,5) 6,5 (4,5) 5,5 (3,5)

*) The radius of curvature of the bend shal l be greater than or equal to the pipe diameter.

**) As the effect of these fi ttings may sti l l be present after 40D, no values wi thout parentheses can be g iven.

***) Since no fi tti ng can be placed closer than 0,5D to the upstream pressure tapping In the Venturi tube, the “zero
addi tional uncertain ty” values are the on ly ones appl icable in th is case.

NOTES

1 The min imum straight lengths requ i red are the lengths between various fi tti ngs located upstream of the classical Venturi
tube and the classical Venturi tube i tsel f. Al l straight lengths shal l be measured from the upstream pressure tapping plane of
the classical Venturi tube. The pipe roughness, at least over the length ind icated in th is table, shal l not exceed that of a
smooth , commercial l y avai lable pipe (approximately k/D ≤ 1 0–3) .

2 Values wi thout parentheses are “zero addi tional uncertain ty” values (see 7.2.3) .

3 Values in parentheses are “0,5 % addi tional uncertain ty” values (see 7.2.4) .

4 For downstream straight lengths, fi ttings or other d isturbances (as ind icated in th is table) si tuated at least four throat
d iameters downstream of the throat pressure tapping plane do not affect the accuracy of the measurement.

in table 1 or 2 for fi tting (2) for a primary device of

diameter ratio β = 0,7 whatever the actual value of β
may be. Th is requ i rement does not apply when the

fi tting (2) is an abrupt symmetrical reduction , the

case of which is covered by a) above.

I f one of the min imum straight lengths so adopted

appears in parentheses, a 0,5 % addi tional uncertain ty

shal l be added ari thmetical ly to the discharge

coefficient uncertainty.

7.3 Flow conditioners

The use of flow condi tioners of the types described in

7.3.2 and shown in figures 1 to 3 is recommended to

permi t the instal lation of primary devices down stream

of fi ttings not included in table 1 or 2. When a large

diameter ratio primary device is to be used, the

inclusion of such devices sometimes permi ts the use of

shorter instal lation lengths upstream of the primary

device than are g iven in table 1 .

When instal led as described in 7.3. 1 , the use of a flow

condi tioner does not in troduce any addi tional

uncertainty in the discharge coefficient.

7.3.1 Instal lation

Any flow condi tioner used shal l be instal led in the

upstream straight length between the primary device

and the disturbance or fi tting closest to the primary

device. Un less i t can be veri fied that the flow condi tions

at the in let of the primary device conform wi th the

requ i rements of 7. 1 . 3, the straight length between th is

fi tting and the condi tioner i tsel f shal l be equal to at

least 20D, and the straight length between the

condi tioner and the primary device shal l be equal to at

least 22D. These lengths are measured from the

upstream face and the downstream face respectively of

the condi tioner. Condi tioners are only fu l ly effective i f

thei r instal lation is such that the smal lest possible gaps

are left around the resistive elements of the device,

therefore permi tting no by-pass flows which would

prevent thei r proper function ing .

When correctly bu i l t condi tioners are used wi th the pipe

length combinations described above, they can be used

in con junction wi th any entrance veloci ty profi le.

7.3.2 Types of flow condi tioners

The five standardized types of flow condi tioners are

shown in figures 1 to 3. The choice of a condi tioner is

dependent on the nature of the veloci ty distribution

which has to be corrected and on the pressure loss

which can be tolerated. The devices described below

create a pressure loss of approximately
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1 2

for type A: 5 1U
2
1 /2

for type B wi th in let bevel : 1 1 1U
2
1 /2

for type B wi thout in let bevel : 1 4 1U
2
1 /2

for type C: 5 1U
2
1 /2

for type D: 0,25 1U
2
1 /2

for type E: 0,25 1U
2
1 /2

For types A, B and C, the pressure loss may vary as a

function of the ratio of the area of the holes to the total

area.

7.3.2.1 Type A: “Zanker” condi tioner

The “Zanker” condi tioner consists of a perforated plate

wi th holes of certain speci fied sizes fol lowed by a

number of channels (one for each hole) formed by the

intersection of a number of plates (see figure 1 ) .

The various plates shal l be as th in as possible but shal l

provide adequate strength .

7.3.2.2 Type B: “Sprenkle” condi tioner

The “Sprenkle” condi tioner consists of three perforated

plates in series wi th a length equal to one pipe

diameter between successive plates. The perforations

shal l preferably be chamfered on the upstream side,

and the total area of the holes in each plate shal l be

greater than 40 % of the cross-sectional area of the

pipe. The ratio of plate th ickness to hole d iameter shal l

be at least 1 and the diameter of the holes shal l be less

than or equal to 0,05D. (See figure 2. )

The three plates shal l be held together by bars or

studs, wh ich shal l be located around the periphery of

the pipe bore, and which shal l be of as smal l a

diameter as possible but shal l provide the requ i red

strength .

Figure 1 — Type A “Zanker” condi tioner
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7.3.2.3 Type C: Tube bundle condi tioner

The tube bundle condi tioner consists of a bundle of

paral lel and tangential tubes fixed together and held

rig id ly in the pipe (see figure 2) . I t i s important to

ensure that the various tubes are paral lel wi th each

other and wi th the pipe axis since, i f th is requ i rement is

not compl ied wi th , the condi tioner i tsel f m ight in troduce

disturbances in the flow.

There shal l be at least 1 9 tubes. Thei r length shal l be

greater than or equal to 1 0d. The tubes shal l be joined

together and the bundle shal l rest against the pipe.

7.3.2.4 Type D: AMCA straightener

The AMCA straightener consists of a honeycomb wi th

square meshes the dimensions of which are shown on

figure 3. The vanes shal l be as th in as possible but

shal l provide adequate strength .

7.3.2.5 Type E: “Étoi le” straightener

The “étoi le” straightener consists of eight rad ial vanes

at equal angu lar spacing wi th a length equal to twice

the diameter of the pipe (see figure 3) . The vanes shal l

be as th in as possible but shal l provide adequate

strength .

Figure 2 — Type B and type C condi tioners
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