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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and
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Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

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

sk of technical committees is to prepare International Standards. Draft International Stang

the technical committees are circulated to the member bodies for voting.\Publication a
Standard requires approval by at least 75 % of the member bodies casting a-vote.
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be SC 2, Pressure differential devices.

ards
S an

Atent

uits,

ition of 1SO 5167-4, together with the second edition of ISO 5167-1 and the first editions of

and I1SO 5167-3, cancels and replaces the first *edition of 1ISO 5167-1:1991, which has
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Introduction

ISO 5167, divided into four parts, covers the geometry and method of use (installation and operating
conditions) of orifice plates, nozzles and Venturi tubes when they are inserted in a conduit running full to
determine the flowrate of the fluid flowing in the conduit. It also gives necessary information for calculating the
flowrate and its associated uncertainty.

ISO
mea
mea

pipe

roughout the
cable to the
fied limits of

b167 is applicable only to pressure differential devices in which the flow remains subsonjc th
suring section and where the fluid can be considered as single-phase, but is notCappli
surement of pulsating flow. Furthermore, each of these devices can only be used wijthifvspec
size and Reynolds number.

ISO

b167 deals with devices for which direct calibration experiments have been ‘'made, sufficient in number,

spread and quality to enable coherent systems of application to be based on-their results and cpefficients to

be glven with certain predictable limits of uncertainty.

The devices introduced into the pipe are called “primary devices”. The derm primary device also|includes the

presgure tappings. All other instruments or devices required for the\measurement are known asg “secondary

deviges”. ISO 5167 covers primary devices; secondary devices!)willbe mentioned only occasionally.

ISO p167 is divided into the following four parts.

a) Part1 of ISO 5167 gives general terms and definitions, symbols, principles and requirements as well as
methods of measurement and uncertainty that arg*to be used in conjunction with Parts 2 to 4|of ISO 5167.

b) Part 2 of ISO 5167 specifies orifice plates,~which can be used with corner pressure tappings, D and D/2
bressure tappings?2), and flange pressure tappings.

c) Part3 of ISO 5167 specifies ISA 1932 nozzles3), long radius nozzles and Venturi nozzles, which differ in
shape and in the position of the pressure tappings.

d) [This part of ISO 5167 specifies classical Venturi tubes?.

Aspécts of safety are naf-dealt with in Parts 1 to 4 of ISO 5167. It is the responsibility of the user to ensure

that the system meetsapplicable safety regulations.

1) See ISO 2186:1973, Fluid flow in closed conduits — Connections for pressure signal transmissions between primary
and secondary elements.

2)

3) ISA is the abbreviation for the International Federation of the National Standardizing Associations, which was
succeeded by ISO in 1946.

4)

Orifice plates with “vena contracta” pressure tappings are not considered in ISO 5167.

In the USA the classical Venturi tube is sometimes called the Herschel Venturi tube.

© 1SO 2003 — Al rights reserved
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Measurement of fluid flow by means of pressure differential
devices inserted in circular cross-section conduits running
full —

Part 4:

Ve

1

This

Venturi tubes when they are inserted in a conduit running full to determine the flowrate of the flu

the g

This

conjuinction with the requirements given in ISO 5167-1.

This
mea
can

part
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a)
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nturi tubes

Scope
part of ISO 5167 specifies the geometry and method of use (instaliation and operating c
onduit.

part of ISO 5167 also provides background information for'calculating the flowrate and is

part of ISO 5167 is applicable only to Venturi tubes™in which the flow remains subsonic th
suring section and where the fluid can be considered as single-phase. In addition, each of th
bnly be used within specified limits of pipe siZe, roughness, diameter ratio and Reynolds
pf ISO 5167 is not applicable to the measurement of pulsating flow. It does not cover the u
5 in pipes sized less than 50 mm or more’than 1 200 mm, or where the pipe Reynolds numbg
0°.

part of ISO 5167 deals with the three types of classical Venturi tubes:
cast;

machined,;

Fough welded shegettiron.

nturi tube_is a-device which consists of a convergent inlet connected to a cylindrical throat wh
ected to.a conical expanding section called the “divergent’. The differences between the v

rtainty-of the discharge coefficient for the three types of classical Venturi tube show, on the o
pber’of results available for each type of classical Venturi tube and, on the other hand, the

prec

bnditions) of
id flowing in

Applicable in

oughout the
ese devices
umber. This
e of Venturi
rs are below

ich is in turn
alues of the
ne hand, the
more or less

se_definition of the geometric profile. The values are based on data collected many years

ago. Venturi

nozz

NOTE 1

les (and other nozzles) are dealt with in ISO 5167-3.

Research into the use of Venturi tubes in high-pressure gas [ > 1 MPa ( > 10 bar)] is being

carried out at

present (see References [1], [2], [3] in the Bibliography). In many cases for Venturi tubes with machined convergent
sections discharge coefficients which lie outside the range predicted by this part of ISO 5167 by 2 % or more have been
found. For optimum accuracy Venturi tubes for use in gas should be calibrated over the required flowrate range. In high-
pressure gas the use of single tappings (or at most two tappings in each plane) is not uncommon.

NOTE 2

In the USA the classical Venturi tube is sometimes called the Herschel Venturi tube.
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2 Normative references

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

ISO 4006:1991, Measurement of fluid flow in closed conduits — Vocabulary and symbols

ISO 5167-1:2003, Measurement of fluid flow by means of pressure differential devices inserted in circular
cross-section conduits running full — Part 1: General principles and requirements

3 Terms] and definitions
For the purppses of this document, the terms and definitions given in ISO 4006 and ISO 5167-1 apply.
4 Principles of the method of measurement and computation
The principl¢ of the method of measurement is based on the installation of a Venturi tube into a pipelipe in
which a fluid is running full. In a Venturi tube a static pressure difference exists‘between the upstream section
and the thrgat section of the device. Whenever the device is geometrically. similar to one on which direct
calibration has been made, the conditions of use being the same, the flowrate can be determined from the
measured value of this pressure difference and from a knowledge of the.fluid conditions.
The mass flgwrate can be determined by the following formula:
C v
G =——5,d°\20pp, (1)
\/1_ B 4
The uncertalnty limits can be calculated using the procedure given in Clause 8 of ISO 5167-1:2003.
Similarly, thg value of the volume flowrate can be calculated since
_4q
v =1
A

where pis the fluid density atthe temperature and pressure for which the volume is stated.
Computatior) of the flowrate, which is a purely arithmetic process, is performed by replacing the different ifems
on the rightthand side of Equation (1) by their numerical values. Table A.1 gives Venturi tube expansjbility
factors (¢). Tlhey are-not intended for precise interpolation. Extrapolation is not permitted.

The diametgrs”# and D mentioned in Equation (1) are the values of the diameters at working condijons.

Measurements taken at any other conditions should 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 fluid during the
measurement.

It is necessary to know the density and the viscosity of the fluid at working conditions. In the case of a
compressible fluid, it is also necessary to know the isentropic exponent of the fluid at working conditions.

© ISO 2003 — Al rights reserved
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5 Classical Venturi tubes

5.1

5.1.1

Field of application

General

The field of application of the classical Venturi tubes dealt with in this part of ISO 5167 depends on the way in
which they are manufactured.

Three types of standard classical Venturi tube are defined according to the method of manufacture of the

the throat.

inter
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e three methods of manufacture are described in 5.1.2 to 5.1.4 and have somew
hcteristics.

e are limits to the roughness and Reynolds number for each type which shall be addressed.

Classical Venturi tube with an “as cast” convergent section

is a classical Venturi tube made by casting in a sand mould, or by othermethods which lea\f
urface of the convergent section similar to that produced by sand casting. The throat is mach

Classical Venturi tube with a machined convergent section
is a classical Venturi tube cast or fabricated as’in 5.1.2 but in which the convergent section

e the throat and the entrance cylinder. The junctions between the cylinders and cones may o
ded.

Classical Venturi tube with a rough-welded sheet-iron convergent section

is a classical Venturi tube normally fabricated by welding. For larger sizes it may not be mg
bnce required in 5.2.4-Can be achieved, but in the smaller sizes the throat is machined.

e classical Ventari tubes can be used in pipes of diameter between 200 mm and 1 200
eter ratios-Sbetween 0,4 and 0,7 inclusive.

Geneéral shape

hat different

e a finish on
ined and the

e classical Venturi tubes can be used in pipes of diameter ‘between 100 mm and 800 mim and with
diameter ratios S between 0,3 and 0,75 inclusive.

is machined
I may not be

e classical Venturi tubes can be-used in pipes of diameter between 50 mm and 250 mim and with
diameter ratios S between 0,4 and 0,75%inclusive.

chined if the

hm and with

5.2.
used

Figulc 1 Di TUWS d DUbt;UII t;lluug;l ﬁIU Ul ItlU“IIU Uf tilU ﬁllUdt Uf d bidbbibdi ‘V’blltuli tUIU
in the text refer to those shown on Figure 1.

. The letters

The classical Venturi tube is made up of an entrance cylinder A connected to a conical convergent section B,
a cylindrical throat C and a conical divergent section E. The internal surface of the device is cylindrical and
concentric with the pipe centreline. The coaxiality of the convergent section and the cylindrical throat is

asse

ssed by visual inspection.

5.2.2 The minimum cylinder length, measured from the plane containing the intersection of the cone
frustum B with the cylinder A, may vary as a result of the manufacturing process (see 5.2.8 to 5.2.10). It is,
however, recommended that it be chosen to be equal to D.

© 1SO 2003 — Al rights reserved
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The entrance cylinder diameter D shall be measured in the plane of the upstream pressure tappings. The
number of measurements shall be at least equal to the number of pressure tappings (with a minimum of four).

The diameters shall be measured near each pair of pressure tappings, and also between these pairs. The
arithmetic mean value of these measurements shall be taken as the value of D in the calculations.

Diameters shall also be measured in planes other than the plane of the pressure tappings.
No diameter along the entrance cylinder shall differ by more than 0,4 % from the value of the mean diameter.

This requirement is satisfied when the difference in the length of any of the measured diameters complies with
the said requirement with respect to the mean of the measured diameters.

T VI
(pa
1 /.
b
¢d
5
R3 \\
22—\ ? R .
2 T
\ [ —
: s}
3 S
5 21° +1° <
LN
Key L, ‘\“\’97 c—|
conical ¢ ||vc|ycnt = _¢_
\ Y
4]

cylindrical throat, C

conical convergent B

entrance cylinder A !

connecting planes

7° < p< 15°

a b ON -~

Q

b Flow direction
¢ See 54.7

Figure 1 — Geometric profile of the classical Venturi tube
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5.2.3 The convergent section B shall be conical and shall have an included angle of 21°+ 1° for all types of
classical Venturi tube. It is limited upstream by the plane containing the intersection of the cone frustum B with
the entrance to cylinder A (or their prolongations) and downstream by the plane containing the intersection of
the cone frustum B with the throat C (or their prolongations).

The overall length of the convergent B measured parallel to the centreline of the Venturi tube is therefore
approximately equal to 2,7(D —d).

The convergent section B is blended to the entrance cylinder A by a curvature of radius R, the value of which
depends on the type of classical Venturi tube.

The
temg

profile of the convergent section shall be checked by means of a template. The deviafion between the

late and the conical section of the convergent section shall not exceed, in any place, 0,004’

revolution if
the value of

The |nternal surface of the conical section of the convergent section is taken as being a surface o
two dliameters situated in the same plane perpendicular to the axis of revolution do not differ from|
the mean diameter by more than 0,4 %.

It shall be checked in the same way that the joining curvature with a radius R4(iSya surface of revollition.

5.2.4 The throat C shall be cylindrical with a diameter 4. It is limited Upstream by the plane containing the
intersection of the cone frustum B with the throat C (or their prolongations) and downstream by the plane
containing the intersection of the throat C with the cone frustum E~(or their prolongations). The [ength of the
throgt C, i.e the distance between those two planes, shall be eqdal to 4 + 0,03d whatever the typg of classical
Venturi tube.
The

throat C is connected to the convergent section B by-a“curvature of radius R, and to the divefgent section

17

E by

The
mea
diam

a curvature of radius R3. The values of R, and R3 depend on the type of classical Venturi tub

diameter d shall be measured very carefully-in*the plane of the throat pressure tappings. Th
surements shall be at least equal to the number of pressure tappings (with a minimum
eters shall be measured near each>pair of pressure tappings and also between thesg

e.

e number of
f four). The
b pairs. The

arithmetic mean value of all these measurements shall be taken as the value of d in the calculations.

Dianpeters shall also be measured in planes other than the plane of the pressure tappings.

No diameter along the throat shall differ by more than 0,1 % of the value of the mean diagmeter. This
requlrement is satisfied when the difference in the length of any of the measured diameters comIIies with the
said frequirement in respéet of the mean of the measured diameters.

The fhroat of the classical Venturi tube shall be machined or be of equivalent smoothness over thg¢ whole of its
length to the surface roughness specified in 5.2.7.

It sh
desg
to th

revolution as
erpendicular

bl be checked that the joining curvatures into the throat with radii R, and R5 are surfaces of
ribed in 5.2.3. This requirement is satisfied when two diameters, situated in the same plane p
b @xis of revolution, do not differ from the value of the mean diameter by more than 0,1 %.

The values of the radii of curvature R, and R shall be checked by means of a template.

The deviation between the template and the classical Venturi tube shall evolve in a regular way for each
curvature so that the single maximum deviation that is measured occurs at approximately midway along the
template profile. The value of this maximum deviation shall not exceed 0,024.

5.2.5 The divergent section E shall be conical and may have an included angle, ¢, of between 7° and 15°. It
is, however, recommended that an angle between 7° and 8° be chosen. Its smallest diameter shall not be less
than the throat diameter.

5.2.6 A classical Venturi tube is called “truncated” when the outlet diameter of the divergent section is less
than the diameter D and “not truncated” when the outlet diameter is equal to diameter D. The divergent portion

© 1SO 2003 — Al rights reserved
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may be truncated by about 35 % of its length without significantly modifying the pressure loss of the device or
its discharge coefficient.

5.2.7 The roughness criterion Ra, of the throat and that of the adjacent curvature shall be as small as
possible and shall always be less than 10-44. The divergent section is rough cast. Its internal surface shall be
clean and smooth. Other parts of the classical Venturi tube have specified roughness limits depending on the
type considered.

5.2.8 The profile of the classical Venturi tube with an “as cast” convergent section has the following
characteristics.

The interna y ; ures,
depressions| irregularities and impurities. The roughness criterion Ra for the surface shall be less than-104D.

The minimum length of the entrance cylinder A shall be equal to the smaller of the following two yvalues:
— D, or
— 0,25D {250 mm (see 5.2.2).

The internal| surface of the entrance cylinder A may be left “as cast” provided'that it has the same sufface
finish as the[convergent section B.

The radius df curvature R, shall be equal to 1,375D + 0,275D.
The radius df curvature R, shall be equal to 3,6254 + 0,1254.

The length df the cylindrical part of the throat shall be no less_ than 4/3. In addition, the length of the cylindirical
part between the end of the joining curvature R, and the plane of the pressure tappings, as well as the lgngth
of the cylingrical part between the plane of the throat-pressure tappings and the beginning of the jaining

curvature R4, shall be no less than d/6 (see also 5.2.4*for the throat length).

The radius pf curvature Ry shall lie between~5d~and 154. Its value shall increase as the divergent angle
decreases. A value close to 10d is recommended.

5.2.9 The| profile of the classical Venturi tube with a machined convergent section has the folldwing
characteristies.

The minimum length of the entrarice cylinder A shall be equal to D.

The radius df curvature Ry shall be less than 0,25D and preferably equal to zero.
The radius df curvature/R, shall be less than 0,254 and preferably equal to zero.

The length pf-the throat cylindrical part between the end of the curvature R, and the plane of the throat

pressure ta pillga shattbenotess-than0;25+

The length of the throat cylindrical part between the plane of the throat pressure tappings and the beginning of
the joining curvature R3 shall be no less than 0,34.

The radius of curvature R shall be less than 0,254 and preferably equal to zero.

The entrance cylinder and the convergent section shall have a surface finish equal to that of the throat (see
5.2.7).

5.2.10 The profile of the classical Venturi tube with a rough-welded sheet-iron convergent section has the
following characteristics.

6 © ISO 2003 — Al rights reserved
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The minimum length of the entrance cylinder A shall be equal to D.

There shall be no joining curvature between the entrance cylinder A and the convergent section B other than
that resulting from welding.

There shall be no joining curvature between the convergent section B and the throat C other than that
resulting from welding.

Ther

e shall be no joining curvature between the throat C and the divergent section E.

The internal surface of the entrance cylinder A and the convergent section B shall be clean and free from

encr

The

station and welding deposits. It may be galvanized. Its roughness criterion Ra shall be about

internal welded seams shall be flush with the surrounding surfaces. They shall not‘be Io

5x 1074D.

cated in the

vicin|ty of the pressure tappings.

5.3 | Material and manufacture

5.3.1 The classical Venturi tube may be manufactured from any material; provided that it is in[ accordance
with the foregoing description and will remain so during use.

5.3.31 It is also recommended that the convergent section B and<the throat C be joined as ohe part. It is
recommended that in the case of a classical Venturi tube with, a.machined convergent, the thfoat and the

cony
partd

5.3.3

ergent section be manufactured from one piece of material.“If, however, they are made in
they shall be assembled before the internal surface is finally machined.

Particular care shall be given to the centring of:the divergent section E on the throat. Th

no sfep in diameters between the two parts.

WO separate

ere shall be

This|can be established by touch before the classical Venturi tube is installed, but after the divefgent section
has been assembled with the throat section.

5.4 | Pressure tappings

5.4.1 The upstream and throatpressure tappings shall be made in the form of separate pipe Wall pressure
tapp|ngs interconnected by annular chambers, piezometer rings or, if there are four tappings} a “triple-T”
arrangement (see 5.4.3 of ISO-5167-1:2003).

5.4.31 If d is greater than or equal to 33,3 mm, the diameter of these tappings shall be betwegn 4 mm and
10 mm and moreover, shall never be greater than 0,1D for the upstream tappings and 0,13d fpr the throat

pres

Ifdi
the d

sure tappings.

5 less than’33,3 mm, the diameter of the throat pressure tappings shall be between 0,14 an
iameterof the upstream pressure tappings shall be between 0,14 and 0,1D.

It is

d 0,134 and

ecommended that pressure fnppingc he as small as nnmpnfihlp with the fluid be used (fnr e

its viscosity and cleanness).

5.4.3

ample, with

At least four pressure tappings shall be provided for the upstream and throat pressure measurements.

The centrelines of the pressure tappings shall meet the centreline of the classical Venturi tube, shall form
equal angles with each other and shall be contained in planes perpendicular to the centreline of the classical
Venturi tube.

5.4.4 At the 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. If joining curvatures are required, the radius shall not exceed
one-tenth of the diameter of the pressure tapping.

© 1SO 2003 — Al rights reserved
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5.4.5 The pressure tappings shall be cylindrical over a length at least 2,5 times the internal diameter of the
tapping, measured from the inner wall of the pipeline.

5.4.6 Conformity of the pressure tappings with the two foregoing requirements is assessed by visual
inspection.

5.4.7 The spacing of a pressure tapping is the distance, measured on a straight line parallel to the
centreline of the classical Venturi tube, between the centreline of the pressure tapping and the reference
planes defined below.

For the classical Venturl tube with an “as cast convergent sectlon the spacmg between the upstream
pressure tapping 3 ns of
the entrancd cylinder A and the convergent sectlon B shaII be

— 0,5D+0,25D for 100 mm < D < 150 mm, and

— 0,5D_8bsp for 150 mm < D < 800 mm.

For classical Venturi tubes with a machined convergent section and with a reugh-welded sheet-iron
convergent, [the spacing between the upstream pressure tappings and the plane of-intersection betweep the
entrance cyllnder A and the convergent section B (or their prolongations) shall be

0,5D + 0,05D
For all types of classical Venturi tube, the spacing between the plane containing the axes of the points of
break-through of the throat pressure tappings and the intersection plane of the convergent section B and the
throat C (or their prolongations) shall be

0,54 + (4,024

5.4.8 Thelarea of the free cross-section of the annularichamber of the pressure tappings shall be greater
than or equdl to half the total area of the tapping holes.connecting the chamber to the pipe.

It is recommended, however, that the chambeér: section mentioned above be doubled when the clagsical
Venturi tubelis used with a minimum upstream ‘straight length from a fitting causing non symmetrical flow.

5.5 Discharge coefficient, C

5.5.1 Limits of use

Whatever the type of classical Venturi tube, a simultaneous use of extreme values for D, fand Rej, shall be
avoided as gtherwise the Uncertainties given in 5.7 are likely to be increased.

For installations outsidé the limits defined in 5.5.2, 5.5.3 and 5.5.4 for D, g and Rep, it remains necessgry to
calibrate separately the primary element in its actual conditions of service.

The effects of Rep, RarDardFom € are ot yetsufficientty kmowmn foritto bepossibletogive Tetiablevatues of
C outside the limits defined for each type of classical Venturi tube. (See Annex B.)

5.5.2 Discharge coefficient of the classical Venturi tube with an “as cast” convergent section

Classical Venturi tubes with an “as cast” convergent section can only be used in accordance with this part of
ISO 5167 when

100 mm < D < 800 mm
3< /<075

2><105<ReD<2><106
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Under these conditions the value of the discharge coefficient C is

C=0,984

5.5.3 Discharge coefficient of the classical Venturi tube with a machined convergent section

Classical Venturi tubes with a machined convergent section can only be used in accordance with this part of
ISO 5167 when

50 mm < D <250 mm

Undgr these conditions the value of the discharge coefficient C is

5.5.4
sect

Clas
with

Undg¢r these conditions the value of the discharge coefficient C is

5.6

The

Equation (2)"is applicable only for values of g, D and Rep, as specified in 5.5.2, 5.5.3 or 5.5.4 as

Test

0,4 < B<0,75

2><105<R6D<1><106

C=0,995

Discharge coefficient of the classical Venturi tube with a rough-welded sheet-iron c¢
on

sical Venturi tubes with a rough-welded sheet-iron convergeft section can only be used in
this part of ISO 5167 when

P00 mMm < D <1200 mm
D4 < f<0,7

2><105<R6D<2><106

C = 0,985

Expansibility [expansion] factor, ¢

bxpansibility [expansion]/factor, &, is calculated by means of Equation (2):

KTZ/K 1_ﬂ4 1_1_(/(71)/1(
& =
k=T 1= g 2/x -7

results for determination of ¢ are only known for air, steam and natural gas. However, there

pnvergent

accordance

(2)

appropriate.
is no known

objecTion To using the same formula for other gases and vapours Tor Which the ISENtropic exponen

However, the formula is applicable only if p,/p; > 0,75.

is known.

Values of the expansibility [expansion] factor for a range of isentropic exponents, pressure ratios and diameter
ratios are given for convenience in Table A.1. These values are not intended for precise interpolation.
Extrapolation is not permitted.

© 1SO 2003 — Al rights reserved


https://standardsiso.com/api/?name=ca57887593d459f1c6999868c6d77b8c

ISO 5167-4:2003(E)

5.7 Unce

5.7.1 Clas

The relative

5.7.2 Clas

The relative

5.7.3 Clas

The relative

5.8 Unce

The relative

(4+10(

5.9 Pressure loss

5.9.1

The pressur
prior and su

If Ap’is the ¢
tappings on:g
and the oth
measured b
then the pre

5.9.2 Relative pressure loss

The relative

It depends, i

S Horbe-wit] rewetded-sheets o

Definition of the pressure loss (see Figure 2)

rtainty of the discharge coefficient C

sical Venturi tube with an “as cast” convergent section
uncertainty of the discharge coefficient as given in 5.5.2 is equal to 0,7 %.
sical Venturi tube with a machined convergent section

uncertainty of the discharge coefficient as given in 5.5.3 is equal to 1 %.

uncertainty of the discharge coefficient as given in 5.5.4 is equal to 1,5 %.

rtainty of the expansibility [expansion] factor ¢
uncertainty of ¢is equal to

8L %

P

e loss caused by a classical Venturi tube may be determined by pressure measurements 1
psequent to the installation of the Venturi tube.ifi’a pipe through which there is a given flow.

ifference in pressure, measured prior to the'installation of the Venturi tube, between two pres
e of which is situated at least D upstream of the flanges where the Venturi tube will be ins
er of which is 6D downstream of the same flanges, and if Ap” is the difference in pres

bsure loss caused by the Venturirtube is given by Ap” — Ap’.

pressure loss, & is-the ratio of the pressure loss Ap” — Ap'to the differential pressure Ap:

—Ap'
Ap

h particular, on

nade

sure
erted
sure

btween the same pressure tappings after installation of the Venturi tube between these flanges,

the Rey

converg

the diameter ratio (£ decreases when g increases);

nolds number (& decreases when Rej, increases);

ent, surface finish of the different parts, etc (¢ increases when ¢ and Ra/D increase);

the installation conditions (good alignment, roughness of the upstream conduit, etc).

the manufacturing characteristics of the Venturi tube: angle of the divergent, manufacturing of the

For guidance, the value of the relative pressure loss can be accepted as being generally between 5 % and

20 %.

10
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Annex C gives, for guidance only, some information on the effect of these different factors on the values the
pressure loss & is likely to have.

> D > (60)

®D

—~T—————__

\
Ap’
5P

) —0— f \
]
|
|
|
|
|

| — =

a Pressure loss
b Direction of flow

Figure 2 — Pressure loss across a classical Venturi tube

6 |nstallation requirements

6.1 | General

Gengral installation requirements. for pressure differential devices are contained in (lause 7 of
ISO p167-1:2003 and should be followed in conjunction with the additional specific installation requirements
for enturi tubes given in this(clause. The general requirements for flow conditions at the primary device are
given in 7.3 of ISO 5167-1,2003. The requirements for use of a flow conditioner are givgn in 7.4 of
ISO p167-1:2003. For séme commonly used fittings as specified in Table 1 the minimum straight lengths of
pipe|indicated may bé-used. Detailed requirements are given in 6.2. Many of the lengths givgn in 6.2 are
basgd on data included in Reference [4] of the Bibliography.

6.2 | Minimum upstream and downstream straight lengths for installation between|various

fittings and the Venturi tube
6.2.] The minimum straight lengths of pipe to be installed upstream of the classical Venturi tube and

following the various fittings in the installation without flow conditioners are given in Table 1.

For devices with the same g, the lengths specified in Table 1 for classical Venturi tubes are shorter than those
specified in ISO 5167-2 and ISO 5167-3 for orifice plates, nozzles and Venturi nozzles.

This is due to the attenuation of flow non-uniformities taking place within the contraction section of the
classical Venturi tube. However in considering the overall installation length for the classical Venturi tube the
additional pipe length required to accommodate the primary device itself shall be taken into account.

6.2.2 When a flow conditioner is not used, the lengths specified in Table 1 shall be regarded as the

minimum values. For research and calibration work in particular, it is recommended that the upstream values
specified in Table 1 be increased by at least a factor of 2 to minimize the measurement uncertainty.
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6.2.3 When the upstream straight length used is equal to or longer than the value specified in columns A of
Table 1 for “zero additional uncertainty” and the downstream straight length is equal to or longer than the
value specified in Table 1, it is not necessary to increase the uncertainty in discharge coefficient to take
account of the effect of the particular installation.

Table 1 — Required straight lengths for classical Venturi tubes

Values expressed as multiples of internal diameter D

Two or
. more 90° Reducer Expander Reducer
Diameter SToE o0 bends-in 1 33D to-D—1—0-67D-to-D 3p-to-D Expander Full bore
B plane or length of length of length of lenath of D n |
different 2,3D 25D 35D ength o )
planes 2
1 2 3 4 5 6 7 8
Ab BC AP BC AP B¢ Ab B¢ AP BC AP BC AP B9
0,30 8 3 8 3 4 d 4 d 2,5 d 2,5 d 2,5 d
0,40 8 3 8 3 4 d 4 d 2,5 d 2,5 d 2,5 d
0,50 9 3 10 3 4 d 5 4 55 [K25 | 256 d 3,5 2,5
0,60 10 3 10 3 4 d 6 4 85 125 | 35 | 25 | 45 2,5
0,70 14 3 18 3 4 d 7 5 105 | 25| 55| 35 | 55 3,5
0,75 16 8 22 8 4 d 7 6 15|35 | 65 | 45 | 55 3,5
The minimum straight lengths required are the lengths between* various fittings located upstream of the classigal

Venturi tuhe and the classical Venturi tube itself. 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 the
reducer or|expander to the upstream pressure tapping plane of the classical Venturi tube.

If temperajure pockets or wells are installed upstream of the classical Venturi tube, they shall not exceed 0,13D
diameter and shall be located at least 4D upstream/of the upstream tapping plane of the Venturi tube.

n

For downsgtream straight lengths, fittings or.other disturbances (as indicated in this Table) or densitometer pockats
situated at|least four throat diameters downstream of the throat pressure tapping plane do not affect the accuracy|of
the measurement (see 6.2.3 and 6.2.5).

8  The racllius of curvature of the bend'shall be greater than or equal to the pipe diameter.

b

Column A for each fitting gives lengths corresponding to “zero additional uncertainty” values (see 6.2.3).

€ Column B for each fittinig/gives lengths corresponding to “0,5 % additional uncertainty” values (see 6.2.4).

d  The st aight length_in 'Column A gives zero additional uncertainty; data are not available for shorter straight lengths which
could be usgd to givesthe required straight lengths for Column B.

6.2.4 When the upstream straight length is shorter than the value corresponding to “zero additional
uncertainty” shown in columns A and either equal to or greater than the “0,5 % additional uncertainty” value
shown in columns B of Table 1 for a given fitting, an additional uncertainty of 0,5 % shall be added
arithmetically to the uncertainty in the discharge coefficient.

6.2.5 This part of ISO 5167 cannot be used to predict the value of any additional uncertainty when the

upstream straight length is shorter than the “0,5 % additional uncertainty” values specified in columns B of
Table 1 or when the downstream straight length is shorter than the value specified in the text in Table 1.
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6.2.6 The valves included in Table 1 shall be set fully open during the flow measurement process. It is
recommended that control of the flowrate be achieved by valves located downstream of the Venturi tube.
Isolating valves located upstream of the Venturi tube shall be set fully open, and these valves shall be full bore.
The valve should be fitted with stops for alignment of the ball or gate in the open position. The valve is of the
same nominal diameter as the upstream pipework but of a different bore diameter from the adjacent pipework.

6.2.7 In the metering system, upstream valves which are match bored to the adjacent pipework and are
designed in such a manner that in the fully opened condition there are no steps, can be regarded as part of

the metering pipework length and do not need to have added lengths as in Table 1.

6.2.8

may

a) |

b)

loped and swirl-free. Since in practice such conditions are difficult to achieve, the following
be used as a guide for normal installation practice.

f several fittings of the type covered by Table 1, other than the combinations .of 90° be
covered by these Tables, are placed in series upstream of the Venturi tube the following shall
1) Between the fitting immediately upstream of the Venturi tube, fitting /A5 and the Venturi t
minimum length criterion given in Table 1 shall be adopted.

P) In addition, between fitting 1 and the next fitting further from‘the Venturi tube (fitting 2
length at least equal to half the product of the diameter of-thie pipe between fitting 1 and
the number of diameters given in Table 1 for a Venturi {Ube’ of diameter ratio 0,7 used ir
with fitting 2 shall be included between fittings 1 and 2.irrespective of the actual g for the
used. If either of the minimum straight lengths is selected from column B (i.e. prior to ta
value from fitting 1 to 2) of Table 1, a 0,5 % addjtional uncertainty shall be added arithmg
discharge coefficient uncertainty. For the case of two or more 90° bends, these shall be

than 15D.

If the upstream metering section has a full bore valve preceded by another fitting, e.g. 4
then the valve can be installed (at the outlet of the second fitting from the primary
required length between the (valve and the second fitting according to 2) should be 3
length between the primary device and the first fitting specified in Table 1 (Figure 3).
noted that 6.2.8 b) shall-also be satisfied (as it is in Figure 3).

n addition to the rule jn. a)“any fitting, treating any two consecutive 90° bends as a single fit
ocated at a distance from the Venturi tube at least as great as the distance given by the p
bipe diameter at the\Venturi tube and the number of diameters required between that fitting g
ube of the samé diameter ratio in Table 1, regardless of the number of fittings between that fi
Venturi tube.<Ihe distance between the Venturi tube and the fitting shall be measured along t
f for any upstream fitting the distance meets this requirement using the number of diameters|
but not that'in column A then a 0,5 % additional uncertainty shall be added arithmetically to t
coefficient uncertainty, but this additional uncertainty shall not be added more than ong
brovisions of a) and b).

The values given in Table 1 were determined experimentally with a very long straight length mounted

upstreamofthefittmgimquestionmsothat theflow immediatety upstreamof the fittmg-was cornsid

deve

ered as fully
information

nds already
be applied.

ibe itself the

), a straight
fitting 2 and
conjunction
Venturi tube
king the half
ptically to the
treated as a

single fitting in accordance with Table 1 column 1 if the length between the consecutive hends is less

n expander,
device. The
dded to the
It should be

ing, shall be
oduct of the
nd a Venturi
tting and the
ne pipe axis.
in column B
he discharge
e under the
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350

450

Key

1  expande

2 full bore

3  venturi tybe

6.2.9 By
second fittin
ratio 0,75.

If the first fit
Venturi tube
the valve sh
the Venturi {
6,5D is reqt
downstream
perpendicula
Venturi tube

If the first fitf
the expandq

4

80

I, 0,67D to D over a length of 2,5D
ball valve or gate valve fully open

Figure 3 — Layout including a:full bore valve for 5= 0,6

bay of example, two cases of the application of 6.2.8 a) and b) are considered. In each cas
j from the Venturi tube is two bends inperpendicular planes and the Venturi tube has a dian

ling is a full bore ball valve-fully open [see Figure 4 a)], the distance between the valve an
shall be at least 5,5D (from-Fable 1) and that between the two bends in perpendicular planes
bl be at least 9D [from-6.2:8 a)]; the distance between the two bends in perpendicular planes
ube shall be at least.22D [from 6.2.8 b)]. If the valve has length 1D an additional total leng
ired which may begither upstream or downstream of the valve or partly upstream and
of it. 6.2.8 a)@3)ycould also be used to move the valve to be adjacent to the two ben
r planes provided that there is at least 22D from the two bends in perpendicular planes t
[see Figure'4b)].

ing is\an expander from 0,67D to D over a length of 2,5D [see Figure 4 c)], the distance bet
rcand the Venturi tube shall be at least 7D (from Table 1) and that between the two ben

b the
heter

1 the
and
and
th of
artly

ds in

b the

veen
ds in

0670 [fram B 2 Q A\l tha Aictannan hatwnn

r flanac and tha AvnanAAr chall ha At Inact Q

perpendicul

at

proCo T tTC— T AparaCT— oo oot 1caotJ OSOT D [TorTT Oz 0oy thic— trotartocToCtyw e T

h the

two bends in perpendicular planes and the Venturi tube shall be at least 22D [from 6.2.8 b)]. So an additional
total length of 6,5D is required which may be either upstream or downstream of the expander or partly
upstream and partly downstream of it.
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)
\_/
(9 + x)D D (55 + 4D
a) x>0,y>0,x+y>65
i
N ~—
\_/
D > 210
b)
IH
Q
_/ A
|
(6 + x)D 2,50 (7 + D |
|

c) x>0,y>0,x+y>65

Figure 4 — Examples of acceptable installations (see 6.2.9)

6.3 | Flow conditioners

A flow conditioner can be used to reduce upsiream straight Tengths either through meeting the compliance test
given in 7.4.1 of 1ISO 5167-1:2003, in which case it can be used downstream of any upstream fitting, or
through meeting the requirements of 7.4.2 of ISO 5167-1:2003, which gives additional possibilities outside the
compliance test. In either case, the test work shall be carried out using a classical Venturi tube.

6.4 Additional specific installation requirements for classical Venturi tubes

6.4.1 Circularity and cylindricality of the pipe
6.4.1.1 Over an upstream length of at least 2D measured from the upstream end of the entrance cylinder

of the Venturi tube, the pipe shall be cylindrical. This pipe is said to be cylindrical when no diameter in any
plane differs by more than 2 % from the mean of the measured diameters of the pipe.
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6.4.1.2 The mean diameter of the pipe where it joins the classical Venturi tube shall be within 1 % of the
classical Venturi tube entrance cylinder diameter D, as defined in 5.2.2.

6.4.1.3 The diameter of the pipe immediately downstream of the Venturi tube need not be measured
accurately but it shall be checked that the downstream pipe diameter is not less than 90 % of the diameter at
the end of the Venturi tube divergent section. This means that, in most cases, pipes having the same nominal
bore as that of the Venturi tube can be used.

6.4.2 Roughness of the upstream pipe

The upstream pipe shall have a relative roughness of Ra/D < 3,2 x 104 on a length at least equal to 2D
measured frpm the upstream end of the entrance cylinder of the Venturi tube.

6.4.3 Alignment of the classical Venturi tube

The offset of distance between the centrelines of the upstream pipe and of the Venturi tubé,\as measurgd in
the connectihg plane of the upstream pipe and entrance cylinder A (see 5.2), shall be lessthan 0,005D] The
angular alignment uncertainty of the Venturi tube centreline with respect to the upstream_pipe centreline |shall
be less than 1°. Finally the sum of the offset and half the diameter deviation (see,6:4.1.2) shall be less|than
0,007 5D. Therefore mating flanges would require the bores to be matched, and’ the flanges aligned on
installation. Dowels or self-centring gaskets could be used.
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Annex A
(informative)

Table of expansibility [expansion] factor

Table A.1 — Venturi tubes — Expansibility [expansion] factor, ¢

Diameter ratio Expansibility [expansion] factor < for palpiequal to
B £4 1,00 0,98 0,96 0,94 0,92 0,90 0,85 0,80 0,75
fork=1,2

3000 | 0,0081 | 1,0000 | 0,9873 | 0,9745 | 09616 | 0,9486 | 0,9354 | 0,902 3| 0,867 § | 0,8327
5623 | 0,000 | 1,0000 | 0,9856 | 0,9712 | 0,9568 | 09423 | 0,9278 | 08913 | 0,8543 | 0,8169
668 7 | 0,2000 | 1,0000 | 0,9834 | 0,9669 | 0,9504 | 0,9341 | 0,917 8~|0,8773 | 0,837 1 [ 0,797 0
7401 0,3000 | 1,0000 | 0,9805 | 0,9613 | 0,9424 | 0,9238 | 0,9053 | 0,8602 | 0,8163 [ 0,773 3
7500 | 0,3164 | 1,0000 | 0,9800 | 0,9603 | 0,9409 | 0,9218 | 0,9030 | 0,8571 | 0,812§ [ 0,7690

oO|O|O|O| O

fork=1,3
3000 | 0,0081|1,0000| 0,9883 | 0,9764 | 0,9645 | 0;9524 | 0,9402 | 0,9092 | 0,8773 | 0,8445
5623 | 0,000 | 1,0000 | 0,9867 | 0,9734 | 0,9600 |[~0;9466 | 0,9331 | 0,8990 | 0,864§ | 0,8294
668 7 | 0,2000 | 1,0000 | 0,9846 | 0,9693 | 0,9541*| 0,9389 | 0,9237 | 0,8859 | 0,8481 | 0,8102
7401 | 0,3000 | 1,0000 | 0,9820 | 0,9642 | 0;9466 | 09292 | 0,9120 | 0,8697 | 0,8283 | 0,787 5
7500 | 0,3164 | 1,0000 | 0,9815 | 0,9632 *0,9452 | 0,9274 | 0,9098 | 0,8667 | 0,824 | 0,783 3
fork=1,4
3000 | 0,0081|1,0000| 0,9891 49,9781 | 0,9670 | 0,9557 | 0,9444 | 0,9154 | 0,885 | 0,854 6
5623 | 0,000 | 1,0000 | 0,9877.| 0,9753 | 0,9628 | 0,9503 | 0,9377 | 0,9058 | 0,8733 | 0,8402
668 7 | 0,2000 | 1,0000 | Q9857 | 0,9715 | 0,9573 | 0,9430 | 0,9288 | 0,8933 | 0,857 71 | 0,8219
7401 | 0,3000 | 1,0000.|+0,9832 | 0,9667 | 0,9503 | 0,9340 | 0,9178 | 0,8780 | 0,838 | 0,8000
7500 | 0,3164 | 1,00000 | 0,9828 | 0,9658 | 0,9489 | 0,9323 | 0,9158 | 0,8752 | 0,8353 | 0,796 0
forx=1,66
0J3000 | 0,008,4.| 1,0000 | 0,9908 | 0,9815 | 0,9721 | 0,9625 | 0,9529 | 0,9281 | 0,9024 | 0,8758
0J5623 | 0,4000 | 1,0000 | 0,9896 | 0,9791 | 0,9685 | 0,9578 | 0,9471 [ 09197 | 0,8917 | 0,8629
0J668<7 | 0,2000 | 1,0000 | 0,9879 | 0,9759 | 0,9637 | 0,9516 | 0,9394 | 0,9088 | 0,877 | 0,846 4
0]740’1 | 0,3000 | 1,0000 | 0,9858 | 09718 | 09577 | 09438 | 09299 [0,8953 | 0,8609 | 0,8265
0,7500 | 0,3164 | 1,0000 | 0,9854 | 0,9710 | 0,9566 | 09423 | 0,9281 | 0,8928 | 0,8577 | 0,8228

O|O|O|O| O

oO|OoO|O|O| O

NOTE This Table is given for convenience. The values given are not intended for precise interpolation. Extrapolation is not
permitted.
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Annex B
(informative)

Classical Venturi tubes used outside the scope of ISO 5167-4

B.1 General
As indicateiii in 5.5.1 the effects of Rep, Ra/D and B on C are not yet known well enough to
standardizatjon outside the limits specified in ISO 5167-4.

The aim of {
the directior
parameters

with separat
In particular

Venturi tube
only of the d

B.2 Effec
From an e
B=0,759),

diameter rat

In order to
uncertainty ¢

B.3 Influe

B.3.1 Gen

The influeng
by a variatio

B.3.2 Classical\Venturi tube with an “as cast” convergent section

his Annex is to summarize the data that can be used from all the results available; the valu
of variation of discharge coefficients and the uncertainties are given in terms of the va
5, Rep and Ra/D] in order to allow an assessment of the flowrate. These various effects are

bly although some results show that they are not independent.
the number of tests available on this subject is small and these tests were mostly carried o

s whose geometry was not strictly in accordance with ISO 5167-4." As a result the reliabilit
scharge coefficients but also of the uncertainties is relatively low:

t of the diameter ratio S
amination of the results available for Venturiitubes with diameter ratios of approxim
0s. Hence an increase in the uncertainty on.the discharge coefficient should be assumed.

allow an assessment of the uncertainty on the flowrate, it is recommended to doublg
n C when gis greater than the maximum permissible value.

nce of the Reynolds humber Re,

bral

n in the discharge coefficient and by an increase in the uncertainty.

Bllow

S or
rious
dealt

Lt on
y not

ately

t has been noted that the spread of measured discharge coefficients is wider than for smaller

the

e of the Reynolds number Rep, varies according to the type of classical Venturi tube. It is shown

4Nn5 4o

When Rep, d

el (o) + lo Ko i | ol fla bt ol +
clLITASTS UTIUW 4 U=, Uic Uiotliaryc CUTTTIVITTIU U UTUITASTS allfu 1T UriveTiallity miercdostTo.

When Re;, increases above 2 x 106, the discharge coefficient does not appear to change with Reynolds
number nor does the uncertainty.

For an approximate estimation of the flowrate, the values of the discharge coefficient C and the uncertainty
given as guidance in Table B.1 may be used.

5) Values given below are based on tests carried out on Venturi tubes of diameter ratio 4 up to 0,8.
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Table B.1 — Values of the discharge coefficient C and the uncertainty as a function of Rep

Uncertainty
Rep, c %
4 x 104 0,957 2,5
6 x 104 0,966 2
1% 109 0,976 1,5
15105 0,982 1

B.3.
Whe
C bé
rapid

In te

valugs of Re, lying between 2 x 10% and 4 x 105.

3 Classical Venturi tube with a machined convergent section
N Re, decreases below 2 x 107, it is often found that there is a small increase.if’the discharg
fore there is a steady decrease with decreasing Rep. The uncertainty on Cvincreases slowly
ly increases.

'ms of throat Reynolds number Re,, the position of the local maximum of the values of C co

e coefficient
at first then

rresponds to

Wheh Re/, increases above 108, the pattern of C as a function‘ef Reynolds number is not very| predictable.
Somgtimes there is a slight increase in C with Reynolds number; sometimes there is a substantial but gradual
incrgase; sometimes there is a substantial and sudden increase.
It is believed that there is sufficient evidence available\to’justify the statement that the discharge goefficient of
this fype of Venturi tube is a function of Re, (the Reynolds number based on the throat diametgr) and not a
function of Rep. The results available show that better correlation is achieved in terms of Re; thap in terms of
ReD.
In onder to allow an assessment of the-flowrate the values of the discharge coefficient and the| uncertainty,
givem as guidance in Table B.2, may be-used.
Table B.2 — Values of-the discharge coefficient C and the uncertainty as a function of Re,
Uncertainty?
Red C %
5% 104 0,970 3
1% 10% 0,977 2,5
2x10° 0,992 2,5
3 x 10°P 0,996 1,9
5 x 10° to 106 0,995 1
106 to 2 x 108 1,000 2
2 x 108 to 108 1,010 3
@  For low Reynolds numbers, the spread of the experimental results is not a Gaussian
distribution, the mean deviation of results smaller than the mean value of C being greater than that
of greater values.
b If 8> 0,67, there is a difference between the values of discharge coefficient and uncertainty for
Rey = 3 x 10° recommended in this table and those in 5.5.3 and 5.7.2.
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