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FOREWORD

The purpose of this Standard is to provide guidance and recommendations in the applications
of fluid flow in pipes using orifice, nozzle, and venturi meters. This Standard was prepared by
MFC Subcommittee 2 of the American Society of Mechanical Engineers Standards Committee on
Measurement of Fluid Flow in Closed Conduits.

As of the publication of this Standard, differential producers are the single most-used method
of full-pipe flow measurement in the United States and worldwide. By utilizing simple physical
laws, differential-producing flow meters are capable of providing reliable flow measurement
within established uncertainty bands.

The first edition of this Standard was approved by the ASME MFC Standards Committee in
1985. The MFC Standards Committee approved the second edition of this Standard in 1989, and
reaffirmed it in 1995. This revision, approved by the MFC Standards Committee in 2004, includes
extensive changes to content and format from the MFC-3M–1989 (R1995) edition.

Given the global nature of the flow measurement market, this Standard is as consistent and
technically equivalent with ISO 5167 as practical. There are, however, technical and editorial dif-
ferences made in consideration of recent technical insights and operational practices common in
the United States.

This Standard provides information in both SI (metric) units and U.S. Customary units. For
reference, U.S. Customary units are shown in parentheses.

Suggestions for improvement to this Standard are welcome. They should be sent to Secretary,
ASME MFC Standards Committee, Three Park Avenue, New York, NY, 10016-5990.

This edition of the Standard was approved by the American National Standards Institute on
April 30, 2004.
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vii

CORRESPONDENCE WITH THE MFC COMMITTEE

General. ASME Standards are developed and maintained with the intent to represent the con-
sensus of concerned interests. As such, users of this Standard may interact with the Committee
by requesting interpretations, proposing revisions, and attending committee meetings. Corre-
spondence should be addressed to:

Secretary, MFC Standards Committee
The American Society of Mechanical Engineers
Three Park Avenue
New York, NY 10016-5990

Proposing Revisions. Revisions are made periodically to the Standard to incorporate changes
that appear necessary or desirable, as demonstrated by the experience gained from the applica-
tion of the Standard. Approved revisions will be published periodically.

The Committee welcomes proposals for revisions to this Standard. Such proposals should be
as specific as possible, citing the paragraph number(s), the proposed wording, and a detailed de-
scription of the reasons for the proposal, including any pertinent documentation.

Interpretations. Upon request, the MFC Committee will render an interpretation of any re-
quirement of the Standard. Interpretations can only be rendered in response to a written request
sent to the Secretary of the MFC Standards Committee.

The request for interpretation should be clear and unambiguous. It is further recommended
that the inquirer submit his/her request in the following format:

Subject: Cite the applicable paragraph number(s) and the topic of the inquiry.
Edition: Cite the applicable edition of the Standard for which the interpretation is be-

ing requested.
Question: Phrase the question as a request for an interpretation of a specific require-

ment suitable for general understanding and use, not as a request for an ap-
proval of a proprietary design or situation. The inquirer may also include any
plans or drawings that are necessary to explain the question; however, they
should not contain proprietary names or information.

Requests that are not in this format will be rewritten in this format by the Committee prior to
being answered, which may inadvertently change the intent of the original request.

ASME procedures provide for reconsideration of any interpretation when or if additional in-
formation that might affect an interpretation is available. Further, persons aggrieved by an in-
terpretation may appeal to the cognizant ASME Committee or Subcommittee. ASME does not
“approve,” “certify,” “rate,” or “endorse” any item, construction, proprietary device, or activity.

Attending Committee Meetings. The MFC Standards Committee regularly holds meetings,
which are open to the public. Persons wishing to attend any meeting should contact the Secre-
tary of the MFC Standards Committee.
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MEASUREMENT OF FLUID FLOW IN PIPES 

USING ORIFICE, NOZZLE, AND VENTURI

Part 1
General

1-1 SCOPE AND APPLICATION

This Standard specifies the geometry and method of
use (installation and operating conditions) for pressure
differential devices (including, but not limited to, orifice
plates, flow nozzles, and venturi tubes) when installed
in a closed conduit running full and used to determine
the flow-rate of the fluid flowing in the conduit. This
Standard applies to pressure differential devices in
which the flow remains subsonic throughout the meas-
uring section and where the fluid is considered as 
single-phase. The Standard is limited to single-phase
Newtonian fluid flow in which the flow can be consid-
ered sufficiently free from pulsation effects. It gives in-
formation for calculating the flow-rate and the associated
uncertainty when each of these devices is used within
specified limits of pipe size and Reynolds number.

This Standard covers flow meters that operate on the
principle of a local change in flow velocity and/or flow
parameters caused by meter geometry, resulting in a
corresponding change of pressure between two set lo-
cations. Although there are several types of differential
pressure meters available, it is the purpose of this Stan-
dard to address the applications of each meter and not
to endorse any specific meter. The operating principle
of a pressure differential flow meter is based on two
physical laws: conservation of energy and conservation
of mass, realized when changes in flow cross-sectional
area and/or flow path result in a change of pressure.
This differential pressure, in turn, is a function of the
flow velocity, fluid path, and fluid properties.

Included within the scope of this Standard are devices
for which direct calibration experiments have been
made, sufficient in number and data coverage, to enable
valid systems of application to be based on their results
and coefficients to be given with known uncertainties.

The devices installed in the pipe are referred to as pri-
mary devices, primary elements, or simply, primaries. The
primary device may also include the associated upstream
and downstream piping. The other instruments required
for the flow measurement are often referred to as sec-
ondary devices or secondaries. For further information on
secondary instrumentation, see ASME/ANSI MFC-8M.

The different primary elements covered in this Stan-
dard are as follows:

ASME MFC-3M–2004

1

(a) orifice plates (Part 2) that can be used with the fol-
lowing pressure tap arrangements:

(1) flange pressure taps
(2) corner pressure taps
(3) D and D/2 pressure taps

(b) nozzles (Part 3), each of which differs in the fol-
lowing shape and position of the pressure taps:

(1) ASME long radius nozzles
(2) Venturi nozzles
(3) ISA 1932 nozzles

(c) ASME venturi tubes (Part 4), also known as Hers-
chel or classical venturi tubes

Part 1 of this Standard contains general material such
as definitions, symbols, and principles that apply to all the
devices covered in Parts 2, 3, and 4 of this Standard with
respect to the flow measurement of any single phase fluid.

This Standard does not apply to ASME Performance
Test Code measurements. This Standard does not ad-
dress those devices that operate on the principle of crit-
ical or choked flow condition of fluids. This Standard
does not address issues of safety. It is the responsibility
of the user to ensure that all systems conform to appli-
cable safety requirements and regulations.

1-2 REFERENCES AND RELATED DOCUMENTS

Unless indicated otherwise, the latest issue of a refer-
ence standard shall be used.
ASME B36.10, Welded and Seamless Wrought Steel Pipe
ASME MFC-1M, Glossary of Terms Used in the Mea-

surement of Fluid Flow in Pipes
ASME MFC-2M, Measurement of Uncertainty for Fluid

Flow in Closed Conduits
ASME MFC-8M, Fluid Flow in Closed Conduits—Con-

nections for Pressure Signal Transmission Between
Primary and Secondary Devices

ASME PTC 6, Steam Turbines
ASME PTC 19.5, Flow Measurement
Publisher: The American Society of Mechanical Engi-

neers (ASME), Three Park Avenue, New York, NY
10016-5990; Order Department: 22 Law Drive, Box
2300, Fairfield, NJ 07007-2300

ISO 3313, The Effect of Flow Pulsation on Flow Mea-
suring Instruments: Orifice Plates, Nozzles, or Ven-
turi Tubes, Turbine and Vortex Flow Meters
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ISO 4006, Measurement of Fluid Flow in Closed Con-
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Number Limits for the Orifice Plate Discharge Coef-
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Symposium on Fluid Flow Measurement, Calgary,
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Shen, J.J.S., “Characterization of Swirling Flow and its
Effects on Orifice Metering,” SPE 22865, Society of Pe-
troleum Engineers, 1991.

Studzinski, W. and Bowen, J., White Paper on “Dynamic
Effects on Orifice Measurement,” American Petro-
leum Institute, Washington D.C., 1997.
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Goodson, D., Husain, Z., and Gallagher, J., White Pa-
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leum Institute, Washington D.C., 1997.

1-3 SYMBOLS AND DEFINITIONS

The symbols and terms used in this Standard are de-
fined below and in ASME MFC-1M.

Both metric units (SI) and U.S. Customary units are
used throughout this Standard. The SI units given first
and the U.S. Customary units follow in parentheses.
Equations are presented in both SI and U.S. Customary
formulations and are labeled accordingly.

Table 1-1 outlines the symbols and subscripts that are
used in this Standard.

1-3.1 Pressure Measurement

differential pressure, �p (hw): the static pressure difference
generated by the primary device for the same elevation
between the high pressure and low pressure taps used
in the flow measurement.

pressure ratio, �: the absolute static pressure at the low
pressure metering tap divided by the absolute static
pressure at the high pressure metering tap.

static pressure of a fluid flowing through a primary device, P:
pressure measured at a wall pressure tap in the plane of
a differential pressure tap (only the value of the static pres-
sure is considered in the equations given in this Standard).

wall pressure tap: annular slot or circular hole drilled in
the wall of a conduit in such a way that the edge of the
hole is flush with the internal surface of the conduit (the
hole is usually circular, but can be an annular slot).

1-3.2 Primary Devices

diameter ratio of a primary device used in a given pipe, �: ra-
tio of the diameter of the orifice, bore, or throat of the
primary device to the internal diameter of the pipe im-
mediately upstream of the primary device. When the
primary device has a cylindrical inlet section with the
same diameter as that of the upstream pipe (as in the
case of the classical venturi tube), the diameter ratio is
the ratio of the throat diameter to the diameter of this
cylindrical section at the plane of the high pressure taps.

nozzle: a primary device consisting of a convergent,
curved profile having no discontinuities leading to a
cylindrical section generally called the throat.

orifice plate: a plate, the thickness of which is small in
comparison to the diameter of the pipe in which it is in-
stalled, and that contains a circular aperture concentric
with the pipe axis.

NOTE: Standard orifice plates are described as “thin plate” be-
cause the thickness of the plate is small compared with the diam-
eter of the pipe into which it is installed. Standard orifice plates
are also described as “sharp square-edged” because the upstream
edge of the orifice is sharp and square.

orifice, throat, or bore: opening of minimum cross-
sectional area of a primary device.

NOTE: Standard primary device orifices are circular and coaxial
with the pipeline.

venturi nozzle: a venturi tube consisting of a nozzle and a
conical expanding section called the divergent or recovery.

venturi tube: a primary device that consists of a cylindrical
entrance section, followed by a conical converging section,
connected to a cylindrical section called the throat, and a
conical expanding section called the divergent or recovery.

1-3.3 Flow

arithmetic mean deviation of the (roughness) profile, Ra:
arithmetic mean deviation from the mean line of the pro-
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Table 1-1 Symbols

Dimension U.S. Customary

Symbol Quantity [Note (1)] SI Units Units

C Coefficient of discharge Dimensionless . . . . . .
Cm,P Molar-heat capacity at constant pressure ML2T�2 ��1 mol�1 J/(mol�K) BTU/(mol�°R)
cp Heat capacity at constant pressure ML2T�2 ��1 mol�1 J/(mol�K) BTU/(mol�°R)
d Diameter of orifice (or throat) of primary

device at flowing conditions L mm in.
D Upstream internal pipe diameter (entrance

diameter for classical venturi tube) at
flowing conditions L mm in.

H Enthalpy ML2T�2 mol�1 J/mol BTU/mol
k Uniform equivalent roughness L m in.
K Pressure loss coefficient Dimensionless . . . . . .
l Pressure tap spacing L m in.
L Relative pressure tap spacing, L � l/ D Dimensionless . . . . . .

P Absolute static pressure of the fluid ML�1T�2 Pa lbf/in.2

qm Mass rate of flow MT�1 kg/s lbm/s
qv Volume rate of flow L3T�1 m3/s ft3/s
R Radius L m in.
Ra Arithmetical mean deviation

of the (roughness) profile L m in.
Rg Universal gas constant ML2T�2 ��1 mol�1 J/(mol�K) BTU/(mol�°R)
RD Reynolds number referred to D Dimensionless . . . . . .
Rd Reynolds number referred to d Dimensionless . . . . . .
t Temperature of the fluid � °C °F
T Absolute temperature of the fluid � K °R

U Relative uncertainty Dimensionless . . . . . .
V Mean axial velocity of the

fluid in the pipe LT�1 m/s ft/s
Z Compressibility factor Dimensionless . . . . . .
� Diameter ratio, � � d/ D Dimensionless . . . . . .
� Ratio of specific heat capacities [Note (2)] Dimensionless . . . . . .
� Absolute uncertainty [Note (3)] [Note (3)] [Note (3)]

�p (hw) Differential pressure [Note (4)] ML�1T�2 Pa (in. H2O)go,T

�� (h) Pressure loss ML�1T�2 Pa lbf/in.2

� (Y) Expansibility factor Dimensionless . . . . . .
� Isentropic exponent [Note (2)] Dimensionless . . . . . .

� Friction factor Dimensionless . . . . . .
	 Absolute viscosity of line fluid ML�1T�2 Pa s g cm/s2 [Note (5)]

	JT Joule-Thomson coefficient ML�1T�2� K/Pa °R/ lbf/in.2


 Kinematic viscosity of line fluid, 
 � 	/� L2T�1 m2/s ft 2/s
� Relative pressure loss Dimensionless . . . . . .
� Density of the fluid ML�3 kg/m3 lbm/ft3

� Pressure ratio Dimensionless . . . . . .
 Total angle of the divergent section Dimensionless . . . . . .

GENERAL NOTES:
(a) Subscript 1 refers to conditions at upstream (high pressure) tap plane.
(b) Subscript 2 refers to conditions at downstream (low pressure) tap plane.

NOTES:
(1) Fundamental dimensions: M � mass, L � length, T � time, � � temperature
(2) � is the ratio of the specific heat capacity at constant pressure to the specific heat capacity at constant volume. For ideal gases, � and the

isentropic exponent, � have the same value (see para. 1-3.2.3). These values depend on the nature of the gas.
(3) The dimensions and units are those of the corresponding quantity.
(4) In the U.S. Customary system, the pressure unit (inches H2O)go,T is equal to the difference between the pressure at the bottom of a column

of water one inch high, at a temperature of 68°F, at a standard gravity of 32.17405 ft/s2, and the standard atmospheric pressure of 14.696
lbf/in.2 on top of the water. One (inches H2O)go,T � 248.64107 Pa.

(5) In this Standard for U.S. practice, the unit centipoise is used for absolute viscosity and replaces the previous U.S. customary unit, 
1 lbm/ft-s � 1 488.164 	cP.
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file being measured. The mean line is such that the sum
of the squares of the distances between the effective sur-
face and the mean line is a minimum. In practice, Ra can
be measured with standard equipment for machined
surfaces, but can only be estimated for rougher surfaces
of pipes (see ISO 4288). For pipes, the uniform equiva-
lent roughness, k, can also be used. This value can be
determined experimentally [see para. 1-6.1(e)] or taken
from tables (see Appendix 1B).

discharge coefficient, C: coefficient defined for an incom-
pressible fluid flow that relates the actual flow rate to
the theoretical flow rate through a primary device. It is
a dimensionless value given by the equation:

(SI Units)

C � � (1-1)

(U.S. Customary Units)

C � �

NOTE: Calibrations by means of incompressible fluids of the pri-
mary devices in this Standard have shown that the discharge co-
efficient is dependent only on the Reynolds number for a given
primary device in a given installation. The numerical value of C
is the same for different installations whenever such installations
are geometrically similar and the flow rates are characterized by
identical Reynolds numbers.

The numerical values of C given in this Standard are
based on experimental data. The uncertainty in the
value of C can be reduced by flow calibration in an ap-
propriate flow calibration facility.

NOTE: The quantity [1/(1 � �4)0.5] is often called the velocity of
approach factor and [C/(1 � �4)0.5] is sometimes referred to as the
flow coefficient.

expansibility factor, � (Y): Coefficient used to take into ac-
count the compressibility of the fluid. It is a dimen-
sionless value given by the equation:

(SI Units)

� � (1-2)

(U.S. Customary Units)

Y �

Calibration of a given primary device using a com-
pressible fluid (gas) shows that the above ratio is largely
dependent on the values of the pressure ratio, beta ra-
tio, and the isentropic exponent of the gas, and to a lesser
degree, the value of the Reynolds number.

qm
���

0.09970190d2C��
1
h
�

w�

�

1
4��

qm�1 � �4�
��
�
�

4
� d2C�2�p�1�

qm
���

0.09970190d2��
1
h
�

w�

�

1
4��

Actual qm
��
Theoretical qm

qm�1 � �4�
��
�
�

4
� d2�2�p�1�

Actual qm
��
Theoretical qm

The method for representing these variations consists
of multiplying the discharge coefficient C of the primary
device (as determined by direct calibration using liquids
for the same value of the Reynolds number) by the ex-
pansibility factor.

The expansibility factor is equal to unity when the
fluid is incompressible and is less than unity when the
fluid is compressible. This method is possible because
experiments show that � (Y) is practically independent
of the Reynolds number and, for a given diameter ratio
of a given primary device, the expansibility factor de-
pends only on the differential pressure, static pressure,
and the isentropic exponent.

The numerical values of � (Y) for orifice plates given
in this Standard are based on data determined experi-
mentally. For nozzles and Venturi tubes, they are based
on isentropic expansion properties.

isentropic exponent, �: ratio of the relative variation in
pressure to the corresponding relative variation in mass
density under reversible and adiabatic transformation
conditions.

NOTE: The isentropic exponent appears in the different equa-
tions for the expansibility factor and varies with the nature of the
gas and with its temperature and pressure. There are many gases
and vapors for which values of � have not been published, par-
ticularly over a wide range of pressure and temperature. In such
a case, for the purposes of this Standard, the ratio of the specific
heat capacities of ideal gases can be used in place of the isentropic
exponent.

Joule-Thomson coefficient, 	JT: isenthalpic temperature-
pressure coefficient that relates the rate of change of tem-
perature with respect to pressure at constant enthalpy

	JT � �
H

or 	JT � �
P

(1-3)

where
T � absolute temperature
P � static pressure of a fluid flowing through a

pipeline
H � enthalpy

Rg � universal gas constant
Cm,P � molar-heat capacity at constant pressure

Z � compressibility factor

rate of flow of fluid passing through a primary device, q:
quantity of fluid (mass or volume) passing through a
cross section of a primary device per unit time.

NOTE: In all cases, it is necessary to state explicitly whether
mass flow rate units, qm or volumetric flow rate units, qv are be-
ing used.

Reynolds number: dimensionless parameter expressing
the ratio between the inertia and viscous forces. In this
Standard, it is referred to either as

(a) the upstream condition of the fluid and the up-
stream diameter of the pipe

RD � � (1-4)
4qm
�
�	1D

V1D
�


1

�Z
�
�T

RgT2
�
PCm,P

�T
�
�P
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or
(b) the bore or throat diameter of the primary device

Rd � (1-5)

1-4 PRINCIPLES OF THE METHOD OF 
MEASUREMENT AND COMPUTATION

1-4.1 Principle of the Method of Measurement

The principle of the method of measurement is based
on the installation of the primary device into a pipeline
that is running full. The installation of the primary de-
vice causes a pressure difference 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 this pressure difference, from knowledge of the
characteristics of the flowing fluid, and the circum-
stances in which the device is being used.

The mass rate of flow can be determined since it is re-
lated to the differential pressure within the uncertainty
limits stated in this Standard, by the following equation:

(SI Units)

qm � (1-6)

(U.S. Customary Units)

qm � 0.09970190CYd2 ��
1
h
�

w�

�

1�4��
Similarly, the value of the volume rate of flow can be

calculated, since

qv � (1-7)

where � is the fluid density at the temperature and pres-
sure for which the volume is stated.

1-4.2 Method of Determination of the Diameter Ratio 

of the Selected Standard Primary Device

In practice, when determining the diameter ratio of a
primary element to be installed in a given pipeline, C
and � (Y) used in the basic Eq. (1-6) are, in general, not
known. Hence the following shall be selected: 

(a) the type of primary device to be used 
(b) a rate of flow 
(c) corresponding value of the differential pressure.
The related values of qm and �p (hw) are then inserted

in the basic equation rewritten in the form:

(SI Units)

� (1-8)

(U.S. Customary Units)

�
4qm

��
�D2�hw�1�

CY�2
��
�1 � �4�

4qm
��
�D2�2�p�1�

C��2
��
�1 � �4�

qm
�
�

C�2�p�1�
��
�1 � �4�

��d2
�

4

RD
�
�

in which the diameter ratio of the primary device is de-
termined by iteration (see Nonmandatory Appendix 1A).

1-4.3 Computation of Flow Rate

Computation for mass flow rate is performed by uti-
lizing Eq. (1-6). It is necessary to know the density of
the fluid at the working conditions. Since the value of
the discharge coefficient (and its uncertainty) of some
primary devices can be a function of Reynolds number,
knowledge of the viscosity of the fluid at the working
conditions is necessary also. In the case of a compress-
ible fluid, it is also necessary to know the isentropic ex-
ponent of the fluid at the working conditions.

C may be dependent on RD or Rd, both of which are
dependent on qm. In such cases, the final value of C, and
therefore qm, must be obtained by iteration. See Appen-
dix 1A for guidance regarding the choice of the itera-
tion procedure and initial estimates.

NOTE: The diameters d and D are the values of the diameters at
the working conditions. Measurements taken at any other condi-
tions must be corrected for any expansion or contraction of the
primary device and the pipe due to the temperature and pressure
of the process during measurement.

1-4.4 Determination of Density, Pressure, 

and Temperature

1-4.4.1 General. Any method of determining reliable
values of the static pressure, temperature, and density of
the fluid is acceptable if it does not interfere with the dis-
tribution of the flow at the measuring cross section.

1-4.4.2 Density. It is necessary to know the density
of the fluid at the upstream pressure tap. It can either
be measured directly or be calculated from an appro-
priate equation of state from knowledge of the absolute
static pressure, absolute temperature, and composition
of the fluid.

1-4.4.3 Static Pressure. The static pressure of the
fluid shall be measured by means of an individual pipe-
wall pressure tap, multiple interconnected pipe-wall
pressure taps, or by means of piezometer ring taps (pro-
vided piezometer ring taps are permitted for the meas-
urement of differential pressure in that tap plane for the
particular primary device).

Where four pressure taps are interconnected to pro-
vide pressure measurements, it is best that they be con-
nected together in a “Triple-T” arrangement as shown
in Fig. 1-1.

The lengths of pipe or tubing for each pressure con-
nection should be equal and the interconnection of each
tap pair should be symmetric.

The static pressure tap can be separate from the taps
provided for measuring the differential pressure. It is
permissible to interconnect one pressure tap with a dif-
ferential pressure measuring device and a static pres-
sure measuring device, provided it is verified that this
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double connection does not lead to any errors in the
measurements.

1-4.4.4 Temperature

(a) The temperature of the fluid at the primary device
and that of the fluid upstream of the primary device are
assumed to be the same [see para. 1-6.1(g)].

(b) The temperature of the fluid shall preferably be
measured downstream of the primary device. The ther-
mometer well or pocket shall be as small as possible. If the
thermowell is located downstream, it shall be located be-
tween 5D and 15D downstream and shall be in accordance
with the values given in Parts 2, 3, or 4 of this Standard.

NOTE: In the case of a Venturi tube, this distance is measured
from the plane of the throat pressure tap. The pocket must also be
at least 2D downstream from the downstream end of the diffuser
section.

Within the limits of this Standard, it can be assumed
that the downstream and upstream temperatures of the
fluid are the same at the differential pressure taps. If the
highest accuracy is required, the fluid is not an ideal gas,
and there is a large pressure loss between the upstream
pressure tap and the temperature sensation location
downstream of the primary device, then it is necessary
to calculate the upstream temperature from the down-
stream temperature. This is done assuming an isen-
thalpic expansion between the sensing two points. The
corresponding temperature drop from the upstream tap
to the downstream temperature location, �T, can be
evaluated using the Joule-Thomson coefficient:

(SI Units)

�T � 	JT�� (1-9)

(U.S. Customary Units)

�T � 	JTh

Experimental work has shown that this is an appro-
priate method for orifice plates, but additional work is
necessary to prove its correctness for other primary de-
vices.

Gas temperature measurement at pipe velocities
higher than approximately 50 m/s (164 ft/s) can lead to
additional uncertainty associated with the temperature
recovery factor. An isenthalpic expansion is assumed
between the upstream pressure tap and the downstream
temperature tap. This assumption is consistent with
there being an isentropic expansion between the up-
stream tap and the vena contracta or throat.

1-5 GENERAL REQUIREMENTS 
FOR MEASUREMENT

1-5.1 Primary Device

(a) The primary device shall be manufactured, in-
stalled, and used in accordance with this Standard.

When the manufacturing characteristics or conditions
of use of the primary devices are outside the limits given
in this Standard, it may be necessary to calibrate the pri-
mary device separately under the actual conditions of use.

(b) The condition of the primary device shall be
checked after each measurement or after each series of
measurements, or at intervals close enough to each other
so that conformity with this Standard is maintained.

It should be noted that many fluids form deposits or
scale on primary devices. Changes in discharge coeffi-
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Direction
of flow

B

A

�p �p

B  [Note (1)]

A – A
B – B

A  [Note (1)]
45 deg 45 deg

NOTE:
(1) Section A-A upstream also typical for Section B-B (downstream).

Fig. 1-1 “Triple-T” Arrangement
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cient can occur over a period of time and can lead to
values outside the uncertainties given in this Standard.

(c) The primary device shall be manufactured from ma-
terials for which the coefficient of expansion is known.

1-5.2 Nature of the Fluid

(a) The fluid can be either compressible or incom-
pressible.

(b) The fluid shall be such that it can be considered as
being physically and thermally homogeneous and single-
phase. Colloidal solutions with a high degree of disper-
sion can be considered to behave as single-phase fluids.

(c) For measurement, it is necessary to know the den-
sity and viscosity of the fluid at the working conditions.
In the case of a compressible fluid it is also necessary to
know the isentropic exponent of the fluid at the work-
ing conditions.

1-5.3 Flow Conditions

1-5.3.1 Pulsating Flow. This Standard does not
provide for the measurement of pulsating flow (see ISO
3313 for reference). The flow is considered sufficiently
steady for this Standard to apply when

(SI Units)

� 0.10 (1-10)

(U.S. Customary Units)

� 0.10

where
��p� (h�w�) � time-mean value of the differential

pressure
�p	rms (h	w-rms) � root-mean-square value of �p	 (h	w),

the fluctuating component of the
pressure

�p	rms (h	w-rms) can be measured accurately only by us-
ing a differential pressure sensor with sufficiently fast
response (see ISO 3313 for reference). Furthermore, the
whole secondary system should conform to the design
recommendations specified in ASME MFC-8M.

1-5.3.2 Phase Change of Metered Fluid. The uncer-
tainties specified in this Standard are valid only when
there is no change of phase through the primary device.
Increasing the bore or throat of the primary element will
reduce the differential pressure and may prevent a
change of phase. For liquids, the pressure in the throat
section must not fall below the vapor pressure of the liq-
uid (otherwise, cavitation will result). For gases, it is
only necessary to calculate the temperature at the throat
if the gas is in the vicinity of its dew point. The tem-
perature in the throat can be calculated assuming an
isentropic expansion from the upstream conditions (the

h	w-rms�
hw

�p	rms
�

�p

upstream temperature may need to be calculated in ac-
cordance with the Eq. (1-8) such that the fluid is in the
single-phase region.

1-5.3.3 Pressure Ratio. If the line fluid is a gas, the
pressure ratio (throat pressure to upstream pressure ra-
tio, P2/P1) shall be between 0.80 and 1.00. If the fluid is
a liquid, there is no limit to the pressure ratio, provided
there is no phase change in the process fluid, and the
primary element does not deform or deflect excessively.
For detailed information, refer to Parts 2, 3, or 4 of this
Standard as appropriate for specific primary devices.

1-6 INSTALLATION REQUIREMENTS

1-6.1 General

(a) The method of measurement applies only to flu-
ids flowing through a pipeline of circular cross section.

(b) The pipe shall run full at the measurement section.
(c) The primary device shall be fitted between two

straight sections of cylindrical pipe of constant diame-
ter and of specified minimum lengths in which there is
no obstruction or branch connection other than those
specified in Parts 2, 3, or 4 of this Standard as appro-
priate for specific primary devices.

The pipe is considered to be straight when the devi-
ation from a straight line does not exceed 0.4% over its
length. Flanges in the straight sections of pipe upstream
and downstream of the primary device shall be at 90
deg (
 1/2 deg) to the pipe itself. The minimum straight
lengths of pipe conforming to the above requirement
necessary for a particular installation vary with the type
and specification of the primary device and the nature
of the pipe fittings involved.

(d) The pipe bore shall be circular over the entire min-
imum length of straight pipe required. The cross section
can be considered circular if it appears so by visual in-
spection. The circularity of the outside of the pipe can
be used as a guide, except in the immediate vicinity (2D)
of the primary device where special requirements shall
apply according to the type of primary device used.

Seamed pipe can be used, provided the internal weld
bead is parallel to the pipe axis throughout the entire
length of the pipe required to satisfy the installation re-
quirements for the primary device being used. The seam
must not be situated within 30 deg of any pressure tap
used in conjunction with the primary device; no weld
bead shall have a height greater than the permitted step
in diameter according to the requirements of the pri-
mary device used. If spirally wound pipe is used then
it must be honed or machined smooth.

(e) The interior of the pipe shall be clean at all times.
Dirt that can readily detach from the pipe shall be re-
moved. Any metallic pipe defects must be removed.

The acceptable value of pipe roughness depends on
the primary device. In each case there are limits on the
value of the arithmetic mean deviation of the roughness
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profile, Ra [see paras. 2-4.3.1, 3-4.1.2(i), 3-4.1.6.1, 3-4.2.2(f),
3-4.2.6.1, and 3-4.3.4.1 or para. 4-5.4.2). The internal sur-
face roughness of the pipe shall be measured at ap-
proximately the same axial locations as those used to
determine and verify the pipe internal diameter. A min-
imum of four roughness measurements shall be made
to define the pipe internal surface roughness. In meas-
uring Ra, an averaging-type surface roughness instru-
ment with a cut-off value of not less than 0.75 mm (0.03
in.) shall be used. The roughness can change with time
as stated in para. 1-5.1(b), and this should be taken into
account in establishing the frequency of cleaning the
pipe or checking the value of Ra.

An approximate value of Ra can be obtained by as-
suming that Ra is equal to k/�, where k is the uniform
equivalent roughness as given in a Moody diagram. The
value of k is given directly by a pressure loss test of a sam-
ple length of pipe, using the Colebrook-White Equation
given in para. 1-6.4.1(e) to calculate the value of k from
the measured value of friction factor, �. Approximate val-
ues of k for different materials can also be obtained from
the various tables given in reference literature, and Table
1B-1 gives values of k for a variety of materials.

(f ) The pipe can be provided with drain holes and/or
vent holes to permit the removal of solid deposits and
entrained fluids. There shall be no flow through either
drain holes or vent holes, however, during the flow meas-
urement process. In many custody transfer applications,
drain holes or vent holes are explicitly prohibited.

Drain and vent holes should not be located at the pri-
mary device. When it is not possible to conform to this
requirement, the diameter of the vent or drain hole shall
be less than 8% of the pipe inside diameter. The center-
line of a pressure tap and the centerline of a drain or
vent hole shall be offset from each other by at least 30
deg azimuthally (i.e., in the plane perpendicular to the
axis of the pipe) and they shall be located no closer than
0.5D from each other.

(g) Insulation of the meter may be required if the tem-
perature difference between ambient conditions and the
flowing fluid are significant given the desired measure-
ment uncertainty. This is particularly important if the
fluid being metered is near its critical point: small tem-
perature changes result in major density changes. It can
be important at low flow rates, where heat transfer ef-
fects can cause distorted temperature profiles, and a
change in the mean temperature value from the upstream
to the downstream side of the meter run, as well as strat-
ification of temperature layers from top to bottom. A tem-
perature difference between the upstream and the down-
stream sides of the meter run can also occur.

1-6.2 Minimum Upstream and Downstream Straight

Lengths of Pipe

(a) The primary device shall be installed in the
pipeline at a position such that the flow conditions im-
mediately upstream of the primary device approximate

those of swirl-free, fully developed pipe flow. Conditions
meeting this requirement are specified in para. 1-6.3.

(b) The required minimum upstream and down-
stream straight lengths required for installation between
various fittings and the primary device depend on the
primary device. For some commonly used fittings as
specified in paras. 2-5, 3-5, and 4-5 of this Standard, the
minimum straight lengths of pipe indicated can be used.
Flow conditioners, such as those described in para. 
1-6.4, however, often permit the use of shorter upstream
pipe lengths. Such flow conditioners must be installed
upstream of the primary device for fittings not covered
by paras. 2-5, 3-5, and 4-5 of this Standard, or where suf-
ficient straight lengths to achieve the desired level of un-
certainty are not available.

1-6.3 General Requirement for Flow Conditions at the

Primary Device

1-6.3.1 Requirement. If the specified conditions
given in paras. 2-5, 3-5, and 4-5 of this Standard cannot
be met, but the flow conditions immediately upstream
of the primary device can be demonstrated to conform
to swirl-free fully developed flow (as defined in paras.
1-6.3.2 and 1-6.3.3) over the entire Reynolds number
range of the flow measurement application, the appli-
cable sections of this Standard remain valid.

1-6.3.2 Swirl-Free Conditions. Swirl-free conditions
can be taken to exist when the swirl angle at all points
over the pipe cross-section is less than 2 deg.

1-6.3.3 Acceptable Flow Conditions. Acceptable ve-
locity profile conditions can be presumed to exist when,
at each point across the pipe cross-section, the ratio of
the local axial velocity to the maximum axial velocity at
the cross-section is within 5% of that which would be
achieved in swirl-free flow at the same radial position
at a cross-section located at the end of a very long (over
100D) straight length of similar pipe with fully devel-
oped flow.

1-6.4 Flow Conditioners

Some additional material regarding flow conditioners
is given in Nonmandatory Appendix 1C.

1-6.4.1 Compliance Testing

(a) If a given flow conditioner passes the compliance
tests outlined in paras. 1-6.4.1(b) to 1-6.4.1(f) for a par-
ticular primary device, the flow conditioner can be used
with the same type of primary device with any value of
diameter ratio up to 0.67 downstream of any fitting. If
the distance between the flow conditioner and the pri-
mary device, and that between the upstream installa-
tion and the flow conditioner, are in accordance with
para. 1-6.4.1(e), and the downstream straight length of
pipe is in accordance with the requirements for the par-
ticular primary device, it is not necessary to increase the
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uncertainty of the discharge coefficient to take account
of the installation.

(b) Using a primary device of diameter ratio 0.67, the
shift in discharge coefficient from that obtained in a long
straight pipe shall be less than 0.23% when the flow con-
ditioner is installed in each of the following situations:

(1) in good flow conditions
(2) downstream of a 50% closed gate valve (or a

segmental orifice plate)
(3) downstream of a device producing a high swirl

(a maximum swirl angle across the pipe of 24 deg mea-
sured 18D downstream from the device, or at least 20
deg 30D downstream from it).

The length of straight pipe upstream of these fittings
shall be sufficiently long so the primary device is not af-
fected by any fittings further upstream.

These tests are required to establish that a flow condi-
tioner does not have an adverse effect on good flow con-
ditions, is effective on highly asymmetric flow, and is ef-
fective on highly swirling flow. The use of this test does
not imply that flow measurement should be carried out
downstream of control valves; rather, flow control should
be performed downstream of the primary device.

(c) Using a primary device of diameter ratio 0.4, the
shift in discharge coefficient from that obtained in a long
straight pipe shall be less than 0.23% when the flow con-
ditioner is installed downstream of the same fitting that
generates a swirl as outlined in para. 1-6.4.1(b). This test
is included in case there is still swirl downstream of the
conditioner.

(d) To determine the acceptability of both the test fa-
cility and the primary devices with which the test is be-
ing conducted, the baseline discharge coefficient for a
particular primary device, as determined in a long
straight pipe by the test facility, shall lie within the un-
certainty limits of the discharge coefficient (or discharge
coefficient equation) for an uncalibrated primary device
given by the applicable portions of this Standard. For
these tests, the flow calibration facility must first verify
that no swirl is present, then have sufficient straight pipe
upstream of the primary device.

(e) If the flow conditioner is to be acceptable at any
Reynolds number, then it is necessary to establish that
it not only meets paras. 1-6.4.1(b) and (c) at one Reynolds
number, but that it meets para. 1-6.4.1(b) at a second
Reynolds number. If the two pipe Reynolds numbers
are Rd-low and Rd-high, then they shall meet the follow-
ing criteria:

(1) 104 � Rd-low � 106 and Rd-high � 106

(2) �(Rd-low) � �(Rd-high) � 0.0036
where � is the pipe friction factor that can be obtained
graphically from the Moody diagram, or from the Cole-
brook-White equation

� 1.74 � 2 log10� � � (1-10)

with k evaluated as �Ra.

18.7
�
RD���

2k
�
D

1
�
���

If it is desired to use the flow conditioner only for
RD  3(106), it is sufficient to carry out the test in para.
1-6.4.1(e) at a single value of RD  3(106).

If the flow conditioner is to be acceptable for any pipe
size, then it is necessary to establish that it not only
meets the requirements of paras. 1-6.4.1(b) and (c) at one
pipe size, but that it meets the requirements of para. 
1-6.4.1(b) at a second pipe size. If the two pipe diame-
ters are Dsmall and Dlarge, then they shall meet the fol-
lowing criteria:

(1) Dsmall � 110 mm (4 in.) (nominal)
(2) Dlarge � 180 mm (8 in.) (nominal)

( f) The range of distances that are considered during
the test between the flow conditioner and the primary
device, and the range of distances between the upstream
fitting and the flow conditioner, will determine the ac-
ceptable ranges of distances when the flow meter is
used. The distances shall be expressed in terms of num-
bers of pipe diameters.

(g) If it is desired to carry out compliance testing for
a flow conditioner for use with primary elements with
�  0.67, then it must be shown to meet the require-
ments of paras. 1-6.4.1(b) through (e). Then the test de-
scribed in paras. 1-6.4.1(b), (d), and (e) shall be carried
out at the maximum value of � over which the condi-
tioner is to be used, �max. The permitted shift in dis-
charge coefficient is increased to (0.63�max � 0.192)%. In
the case outlined in para. 1-6.4.1(e),

�(Rd-low) � �(Rd-high) � (1-11)

Provided that the conditioner meets all the compli-
ance tests outlined above, it has then passed the com-
pliance test for � � �max. The acceptable ranges of dis-
tances between the flow conditioner and the primary
device and between the upstream fitting and the flow
conditioner are determined as given in para. 1-6.4.1(f).

1-6.4.2 Specific Test. If a compliance test has not
been carried out to permit the use of a flow conditioner
downstream of any upstream fitting, it may be neces-
sary to carry out a flow test specifically for the installa-
tion in question. The test will be deemed satisfactory if
it shows that the shift in discharge coefficient from that
obtained in a long straight pipe is less than 0.23%. The
permitted shift in discharge coefficient can be increased
to (0.63 �max � 0.192)% for 0.67 � � � 0.75 (for orifice
plates and venturi tubes), 0.67 � � � 0.80 (for flow noz-
zles), or 0.67 � � � 0.775 (for venturi nozzles). In this sit-
uation it is not necessary to increase the uncertainty of the
discharge coefficient to take account of the installation.

1-7 UNCERTAINTIES IN THE MEASUREMENT 
OF FLOW RATE

Broader and more detailed information for calcula-
tion of the uncertainty in flow measurement is given in
ASME MFC-2M and ISO/TR 5168.

0.00241�max � 0.000735
���

�max
3.5
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1-7.1 Definition of Uncertainty

(a) For the purposes of this Standard the uncertainty
is defined as a range of values within which the value
of the measurement could reasonably be expected to lie
providing a level of confidence of approximately 95%.

(b) The uncertainty in the measurement of the flow
rate shall be calculated and given whenever a measure-
ment is claimed to be in conformity with this Standard.

(c) The uncertainty can be expressed in absolute or
relative terms and the result of the flow measurement
can then be given in one of the following forms:

flow rate � q 
 �q
flow rate � q(1 
 U	q)
flow rate � q within (100 U	q)%

where the uncertainty �q shall have the same dimen-
sions as q while U	q � �q/q and is dimensionless.

(d) A distinction is made between the uncertainties as-
sociated with measurements made by the user and those
associated with quantities specified in this Standard. Un-
certainties associated with quantities specified in this Stan-
dard are on the discharge coefficient and the expansibility
factor, � (Y) and occur because variations in geometry are
allowed, and because the investigations on which the val-
ues are based were made with some uncertainty as well.

1-7.2 Practical Computation of the Uncertainty

(a) The basic equation of computation of the mass
flow rate, qm, is

(SI Units)

qm � � d2 �2�p�1� (1-12)

(U.S. Customary Units)

qm � 0.09970190CYd2       ��
The various quantities that appear on the right-hand

side of this formula are not independent, so it is not cor-
rect to compute the uncertainty of qm directly from the
uncertainties of these quantities. C, for instance, is a
function of d, D, V1, 
1, and �1, while � (Y) is a function
of d, D, �p (hw), P, and �.

(1) For most practical purposes, however, it is suf-
ficient to assume that the uncertainties of C, � (Y), d, 
�p (hw), and �1 are independent of each other.

(2) A practical working formula for �qm that takes
into account the interdependence of C on d, and D (which
enters into the calculation as a consequence of the de-
pendence of C on �) can then be derived. Note that C
may also be dependent on the Reynolds number. The de-
viations of C due to these influences, however, are of a
second order and are included in the uncertainty on C.

Similarly, the deviations of � (Y) that are due to un-

hw�1
�
1 � �4

�
�
4

C
��
�1 � �4�

certainties in the value of �, the pressure ratio, and the
isentropic exponent are also of a second order and are
included in the uncertainty on � (Y). The contribution to
the uncertainty due to the covariance terms can be con-
sidered as negligible.

(3) The uncertainties that will be included in a prac-
tical working equation for �qm are, therefore, those of
the quantities C, � (Y), d, D, �p (hw), and �1.

The practical working equation for the uncertainty,
�qm, of the mass rate of flow is as follows:

(SI Units)

� �� �2
� � �2

� � �2� �2

� � �2� �2
� � �2

� � �2	 (1-13)

(U.S. Customary Units)

�
�

q
q

m

m
� � ���

�

C
C
��2

� ��
�

Y
Y
��2

� � �2� �2

� � �2� �2
� � �2

� � �2	
In this equation, some of the uncertainties, such as

those on the discharge coefficient and expansibility fac-
tor, are given in this Standard [see paras. 1-7.2(a)(3)(a)
and (a)(3)(b)], while others must be determined by the
user [see paras. 1-6.2(a)(3)(c) and (d)].

(a) In Eq. (1-13), the values of �C/C and of ��/�
(�Y/Y) shall be taken from the appropriate clauses of
this Standard.

(b) When the straight pipe lengths are such that
an additional uncertainty of 0.5% is considered, this ad-
ditional uncertainty shall be added arithmetically in ac-
cordance with the requirements given in this Standard,
and not root-mean-square as with the other uncertain-
ties in Eq. (1-12). Other uncertainties shall be added
arithmetically in the same way.

(c) In Eq. (1-13), the maximum values of �D/D
and �d/d can be adopted or alternately, the smaller ac-
tual values can be calculated by the user. (The maximum
value for �D/D will not exceed 0.4% whereas the maxi-
mum value for �d/d will not exceed 0.1%.)

(d) The values of ��p/�p (�hw/hw) and ��1/�1
shall be determined by the user because this Standard
does not specify the method of measurement of the
quantities �p (hw) and ��1. The uncertainties in the mea-
surement of both quantities may include components
stated by manufacturers as a percentage of full scale.
Calculation of percentage uncertainty below full scale
must reflect this increased percentage uncertainty.

(e) In order to give an overall uncertainty of qm

providing a level of confidence of approximately 95%,
the user-determined uncertainties must also be obtained
to provide the same level of confidence.

1
�
2��1

�
�1

1
�
4

�hw�
hw

1
�
4

�d
�
d

2
�
1 � �4

�D
�
D

2�4
�
1 � �4

1
�
2��1

�
�1

1
�
4

��p
�
�p

1
�
4

�d
�
d

2
�
1 � �4

�D
�
D

2�4
�
1 � �4

��
�
�

�C
�
C

�qm
�
qm
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NONMANDATORY APPENDIX 1A

ITERATIVE COMPUTATIONS

An iterative computation procedure is required when
a problem cannot be solved by direct calculation meth-
ods (see para. 1-4.3).

In the case for orifice plates, for instance, iterative
computations are always required to calculate

(a) the flow-rate qm at given values of 	1, �1, D, 
�p (hw), and d

(b) the orifice diameter d and � at given values of 	1,
�1, D, �p (hw), and qm

(c) the differential pressure �p (hw) at given values of
	1, �1, D, and qm

(d) the diameters D and d at given values of 	1, �1, �,
�p (hw), and qm

The principle is to regroup all known values of the
basic flow-rate equation:

(SI Units)

qm � � d2 �2�p�1� (1A-1)

(U.S. Customary Units)

qm � 0.09970190CYd2��
and the unknown values in the other member. The
known member is then the “invariant” of the problem.

hw�1
�
1 � �4

�
�
4

C
��
�1 � �4�
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A first guess, X1, is introduced into the unknown
member and results in a difference, �1, between the two
members. Iterative computation enables a second guess,
X2, to be substituted to obtain �2. Then X1, X2, �1, and
�2 are entered into a linear algorithm that computes 
X3 . . . Xn and �3 . . . �n until 
�n
 is smaller than a given
value, or until two successive values of X or of � are
seen to be “equal” for a given precision.

An example of a linear algorithm with rapid conver-
gence is

Xn � Xn�1 � �n�1 (1A-2)

If the computations are carried out using a program-
mable calculator, the use of a linear algorithm reduces
only slightly the resulting calculations by successive
substitutions in the case of computations found in ap-
plications relative to this part of this Standard.

The values of d, D, and � to be introduced in the calcu-
lations are those prevailing under the working conditions.

For orifice plates, if the plate and the metering tube
are made of different materials, it is possible that the
variation in � due to the working temperature is sig-
nificant. Examples of full schemes for iterative compu-
tations are given in Table 1A-1.

Xn�1 � Xn�2
��
�n�1 � �n�2

Table 1A-1 Methods for Iterative Computation

Problem q � d � �p � D �

At Given Values 	1, �1, D, d, �p 	1, �1, D, qm, �p 	1, �1, D, d, qm 	1, �1, d, qm, �p

Please Find qm and qv d and � �p D and d

Invariant A1 � A2 � A3 � � �
2

A4 �

Iteration Equation �
R

C

D
� � A1 � A2 �

�

�
�

p
2� � A3 �

R

C

2
D
� � A4

Variable in Linear Algorithm X1 � RD � CA1 X2 � � �
A

C

2
� X3 � �p � ��2A3 X4 � RD � �CA1�

Precision Criterion [Note (1)] � � � 1 � 10�n � �� 1 � 10�n � � � 1 � 10�n � � � 1 � 10�n

First Guess C � C� C � 0.606 (Orifice plate) � � 1 C � C�

C � 1 (Other primaries) D � D� (if flange tap)
� � 1

Second Guess qm � �
�

4
� 	1DX1 d � D��1 �

X2

X

2

2
2��

0.25
�p � X3 [Note (2)] D �

qv � � � d � �D

NOTES:
(1) Where n is chosen by the user.
(2) If the fluid is considered incompressible, �p is obtained in first loop.

d 
�
D

qm
�
�1

4qm
�
�	1X4

A4 � �
X

C

4
2

�

��
A4

A3 � �
�

X
�

3
2�

��
A3

A2 � X2C�
��

A2

A1 � �
X

C

1
�

�
A1

�2

��
�1 � �4�

C ��2

��
�1 � �4�

4��2qm�2�p�1�
��

�	1
2�1 � �4�

qm
�
C�d2

8(1 � �4)
��

�1

	1RD
��
D�2�p�1�

�d2 �2�p�1�
��
	1D�1 � �4�
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NONMANDATORY APPENDIX 1B

EXAMPLES OF VALUES OF PIPE WALL UNIFORM 

EQUIVALENT ROUGHNESS, k

ASME MFC-3M–2004
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Table 1B-1 Values of k

Ra

Material Condition k mm in.

Brass, Copper, Aluminum, Plastics, Glass Smooth, without sediment � 0.03 � 0.01 � 0.0004
New, stainless � 0.03 � 0.01 � 0.0004
New, seamless, cold drawn � 0.03 � 0.01 � 0.0004
New, seamless, hot drawn 0.05 to 0.10 0.015 to 0.030 0.0006 to 0.0012
New, seamless, rolled 0.05 to 0.10 0.015 to 0.030 0.0006 to 0.0012
New, welded longitudinally 0.05 to 0.10 0.015 to 0.030 0.0006 to 0.0012
New, welded spirally 0.10 0.03 0.0012
Slightly rusted 0.10 to 0.20 0.03 to 0.06 0.0012 to 0.0024

Steel Rusty 0.20 to 0.30 0.06 to 0.10 0.0024 to 0.0039
Encrusted 0.50 to 2 0.15 to 0.60 0.0059 to 0.0236
Heavy encrustation  2  0.6  0.0236
Bituminized, new 0.03 to 0.05 0.010 to 0.015 0.0004 to 0.0006
Bituminized, normal 0.10 to 0.20 0.03 to 0.06 0.0012 to 0.0024
Galvanized 0.13 0.04 0.0016

Cast Iron New 0.25 0.08 0.0031
Rusty 1.0 to 1.5 0.3 to 0.5 0.0118 to 0.0197
Rust encrusted  1.5  0.5  0.0197
Bituminized, new 0.03 to 0.05 0.010 to 0.015 0.0004 to 0.0006

Asbestos Cement New � 0.03 � 0.01 � 0.0004
Typical, uncoated 0.05 0.015 0.0006

GENERAL NOTE: For this table, Ra has been calculated on the basis that Ra � (k/�).
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1C-1 GENERAL

Flow conditioners can be classified as either true flow
conditioners or flow straighteners. In this Standard, but
beyond this Appendix, the term “flow conditioner” is
used to describe both true flow conditioners and flow
straighteners.

Inclusion in this Appendix does not imply that a flow
conditioner or flow straightener has passed the compli-
ance test in para. 1-6.4.1 with any particular primary de-
vice at any particular location.

The descriptions of flow straighteners and flow condi-
tioners given here does not limit the use of other designs
that have been tested and proved to provide sufficiently
small shifts in discharge coefficient when compared with
discharge coefficients obtained in a long straight pipe.

1C-2 FLOW STRAIGHTENERS

1C-2.1 General Description

A flow straightener is a device that removes or sig-
nificantly reduces swirl, but may not simultaneously
produce the flow conditions specified in para. 1-6.3.3.
The tube bundle (see Fig. 1C-1), the Étoile (see Fig. 
1C-2), and the AMCA (see Fig. 1C-3) are all examples
of flow straighteners.

1C-2.2 Examples

1C-2.2.1 The Tube Bundle Flow Straightener. The
tube bundle flow straightener consists of a bundle of
parallel and tangential tubes fixed together and held
rigidly in the pipe (see Fig. 1C-1). It is important to en-
sure that the various tubes are parallel to each other and
to the pipe axis since, if this requirement is not met, the
straightener itself might introduce swirl to the flow.

There shall be at least nineteen tubes. Their length
shall be greater than or equal to 10dt, where dt is shown
on Fig. 1C-1. The tubes shall be joined together and the
bundle shall rest against the pipe.

The pressure loss coefficient, K, for the tube bundle
flow straightener depends on the number of the tubes
and their wall thickness, but is approximately equal to
0.75, where K is given by the following equation:

K � (1C-1)
�pc
�

�
1
2

� �V2

where
�pc � pressure loss across the flow straightener or

flow conditioner
V � mean axial velocity of the fluid in the pipe

A special case (the 19-tube bundle flow straightener)
is described in para. 2-5.3.2 of this Standard.

1C-2.2.2 The Étoile Straightener. The Étoile
straightener (see Fig. 1C-2) consists of eight radial vanes
at equal angular spacing with a length equal to twice
the diameter of the pipe (see Fig. 1C-4). The vanes shall
be as thin as possible but shall provide adequate
strength. The pressure loss coefficient, K, for the Étoile
straightener is approximately equal to 0.25.

1C-2.2.3 The AMCA Straightener. The AMCA
straightener consists of a honeycomb with square
meshes, the dimensions of which are shown in Figure
1C-3. The vanes shall be as thin as possible but shall pro-
vide adequate strength. The pressure loss coefficient, 
K, for the AMCA straightener is approximately equal 
to 0.25.

1C-3 FLOW CONDITIONERS

1C-3.1 General Description

A flow conditioner is a device that, in addition to
meeting the requirements of removing or significantly
reducing swirl, will redistribute the velocity profile to
produce conditions close to those of para. 1-6.3.3.

Many flow conditioners either are or include a perfo-
rated plate. Several such devices are now described in
technical literature, and they are in general easier to
manufacture, install, and accommodate than the tube
bundle flow straightener. They have the advantage that
their thickness is typically around D/8 as compared to
a length of at least 2D for the tube bundle. Moreover,
since they can be drilled from the solid rather than fab-
ricated, a more robust device is produced offering re-
peatable performance.

In these devices swirl is reduced and the profile si-
multaneously redistributed by a suitable arrangement
of hole and plate depth. A number of different designs
are available as indicated in Nonmandatory Appendix
2B. The geometry of the plate is critical in determining
the performance, effectiveness, and pressure loss across
the plate. The NEL (Spearman), Sprenkle, and Zanker
flow conditioners are examples of flow conditioners.

ASME MFC-3M–2004
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1C-3.2 Examples

1C-3.2.1 The NEL (Spearman) Flow Conditioner. The
NEL (Spearman) flow conditioner is shown in Fig. 1C-4.
The NEL (Spearman) flow conditioner is shown in Fig.
1C-4. The dimensions of the holes are a function of the
pipe inside diameter, D. The pressure loss coefficient, K,

for the NEL (Spearman) flow conditioner is approxi-
mately equal to 3.2.

1C-3.2.2 Sprenkle Conditioner. The Sprenkle condi-
tioner consists of three perforated plates in series with
a length equal to D 
 0.1D between successive plates.

MEASUREMENT OF FLUID FLOW IN PIPES 
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Minimized gap

L [Note (4)]

L ≥ 10dt
dt  ≤ 0.2D

D
f 

[N
ot

e 
(3

)]Note (1)

Note (2)

Pipe wall

45 deg
60 deg

NOTES:
(1) Tube wall thickness, �0.025D.
(2) Centering spacer locations, typically four locations.
(3) Df � flow straightener outside diameter, 0.95D � Df � D.
(4) Length, L, of the tubes, 2D � L � 3D, as close to 2D as possible.

Fig. 1C-1 Tube Bundle Flow Straightener
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The holes should be chamfered at 45 deg on the up-
stream side to reduce the pressure loss, and the total
area of the holes in each plate shall be greater than 40%
of the cross-sectional area of the pipe. The ratio of plate
thickness to hole diameter shall be at least 1 and the di-
ameter of the holes shall be less than or equal to 0.05D
(see Fig. 1C-5).

The three plates are held together by bars or studs
that are located around the periphery of the pipe bore
and should be as small a diameter as possible, but shall
provide the required strength.

The pressure loss coefficient, K, for the Sprenkle con-
ditioner is approximately equal to 11 if there is an inlet
bevel, or 14 if there is no inlet bevel.

1C-3.2.4 The Zanker Conditioner. The Zanker condi-
tioner consists of a perforated plate with holes of cer-
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2D

0.075D

0.075D

D

0.45D

Fig. 1C-3 AMCA Straightener


D

d1

d2

d3

Fig. 1C-2 Étoile Straightener

Fig. 1C-4 NEL (Spearman) Flow Conditioner

tain specified sizes followed by a number of channels
(one for each hole) formed by the intersection of a num-
ber of plates (see Fig. 1C-6). The various plates shall be
as thin as possible but shall provide adequate strength.
The pressure loss coefficient, K, for the Zanker flow con-
ditioner is approximately equal to 5.

1C-3.2.5 Zanker Flow Conditioner Plate. The Zanker
flow conditioner plate described here is a development
of the Zanker conditioner described in para. 1C-3.2.4.

GENERAL NOTES:
(a) For d1, hole diameter � 0.10D, pitch circle diameter � 0.18D, 4 holes.
(b) For d2, hole diameter � 0.16D, pitch circle diameter � 0.48D, 8 holes.
(c) For d3, hole diameter � 0.12D, pitch circle diameter � 0.86D, 16 holes.
(d) The perforated plate thickness is 0.12D.
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The Zanker flow conditioner plate has the same distri-
bution of holes in a plate but does not have the egg-box
honeycomb attached to the plate; instead the plate thick-
ness has been increased to D/8.

The Zanker flow conditioner plate is illustrated in Fig.
1C-7 and consists of 32 bored holes arranged in a sym-
metrical circular pattern. The dimensions of the holes
are a function of the pipe inside diameter D. The toler-

ance on the diameter of each hole is 
 0.1 mm (
 0.004
in.) for D � 100 mm (4 in.).

The perforated plate thickness, tc, is such that 0.12D �
tc � 0.15D. The flange thickness depends on the appli-
cation; the outer diameter and flange face surfaces de-
pend on the flange type and application. The pressure
loss coefficient, K, for the Zanker flow conditioner plate
is approximately equal to 3.
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dt  ≤ 0.05D

Direction
of flow

Perforated plates

D

D D

e ≥ dt

Fig. 1C-5 Sprenkle Flow Conditioner
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Fig. 1C-7 Zanker Flow Conditioner Plate

L � D

Direction
of flow

11 d
eg

, 40 m
in

11 deg, 40 min

Note (1)

Note (2)

Note (3)

Note (4)

Note (5)

R/2 2��

R/ 2��

R 7/8����

29 deg

32 deg

45 deg

53 deg

18 d
eg

,

30 m
in

18 deg,
30 min

29 deg

66 deg, 40 m
in

D
D

R

NOTES:
(1) Hole diameter � 0.139D, pitch circle diameter � 0.56D, 8 holes.
(2) Hole diameter � 0.1365D, pitch circle diameter � 0.75D, 4 holes.
(3) Hole diameter � 0.141D, pitch circle diameter � 0.25D, 4 holes.
(4) Hole diameter � 0.110D, pitch circle diameter � 0.85D, 8 holes.
(5) Hole diameter � 0.077D, pitch circle diameter � 0.90D, 4 holes.

NOTES:
(1) Hole diameter � 0.139D, pitch circle diameter � 0.56D 
 0.0056D, 8 holes.
(2) Hole diameter � 0.1365D, pitch circle diameter � 0.75D 
 0.0075D, 4 holes.
(3) Hole diameter � 0.141D, pitch circle diameter � 0.25D 
 0.0025D, 4 holes.
(4) Hole diameter � 0.110D, pitch circle diameter � 0.85D 
 0.0085D, 8 holes.
(5) Hole diameter � 0.077D, pitch circle diameter � 0.90D 
 0.009D, 8 holes.

Fig. 1C-6 Zanker Flow Conditioner

Note (1)

Note (2)

Note (3)

8 � 11 deg, 40 min

8 �
 18 d

eg
,

30 m
in

8 �
 29 deg

Note (4)

Note (5)

D/8

45 deg
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2-1 SCOPE AND FIELD OF APPLICATION

Part 2 specifies the geometry and method of use (in-
stallation and operating conditions) of orifice plates
when they are inserted in a conduit running full to de-
termine the flow rate of the fluid flowing in the conduit.

It also provides background information for calculat-
ing the flow rate and should be applied in conjunction
with the requirements given in Part 1 of this Standard,
which contains general material and applies to all the
devices covered by this Standard, that is, orifice plates,
nozzles, and venturi tubes.

The primary device dealt with in Part 2 is an orifice
plate used with flange pressure taps, with corner pres-
sure taps, or with D and D/2 pressure taps. Other pres-
sure taps that have been used with orifice plates, such
as vena contracta and pipe taps, are not covered by this
Standard. This Part applies only to a flow that remains
subsonic throughout the measuring section and is
steady or varies only slowly with time and where the
fluid is considered as single-phase. It does not apply to
the measurement of pulsating flow. It does not cover the
use of orifice plates in nominal pipe sizes less than 50
mm (2 in.) or more than 1 000 mm (40 in.), or for pipe
Reynolds numbers below 5,000.

2-2 REFERENCES AND RELATED DOCUMENTS

Normative references and definitions used within this
document are contained in Part 1 of this Standard as are
the associated symbols, subscripts, and definitions. Refer-
ences and related documents for this Part are listed below.
ISO/TR 3313:1998, Measurement of Fluid Flow in

Closed Conduits—Guidelines on the Effects of Flow
Pulsations on Flow-Measurement Instruments.

ISO 4288:1996, Geometrical Product Specification (GPS) —
Surface Texture: Profile Method—Rules and Proce-
dures for the Assessment of Surface Texture.

ISO/TR 5168:1998, Measurement of Fluid Flow—Eval-
uation of Uncertainties

ISO/TR 9464:1998, Guidelines for the Use of ISO 5167-
1:1991

Publisher: International Organization for Standardiza-
tion (ISO), 1 rue de Varembe, Case Postale 56, CH-
1211, Geneve 20, Switzerland/Suisse

Hobbs, J.M. and Humphreys, J.S., “The Effect of Orifice
Plate Geometry upon Discharge Coefficient,” Flow
Measurement and Instrumentation, April 1990: 133–140.

Karnik, U., “A Compact Orifice Meter/Flow Condi-
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ISO 5167,” Flow Measurement and Instrumentation,
March 1997: 39–41.

Weiss, M., Studzinski, W., and Attia, J., “Performance
Evaluation of Orifice Meter Standards for Selected T-
Junction and Elbow Installations,” Proceedings of 5th
International Symposium on Fluid Flow Measure-
ment, Washington, D.C., April 2002.

Zanker, K.J. and Goodson, D., “Qualification of a Flow
Conditioning Device According to the New API 14.3
Procedure,” Flow Measurement and Instrumentation,
June 2000: 79–87.

2-3 PRINCIPLES OF THE METHOD OF 
MEASUREMENT AND COMPUTATION

The principle of the method of measurement is based on
the installation of an orifice plate into a pipeline in which
a fluid is running full. The presence of the orifice plate
causes a static pressure difference to exist between the up-
stream section and downstream sides of the plate. The mass
rate of flow can be determined by Eq. (2-1):

(SI Units)

qm � � d2 �2�p�1� (2-1)

(U.S. Customary Units)

qm � 0.09970190CYd2 ��
�p (hw) represents the differential pressure, as defined

in Part 1 of this Standard. The diameters d and D men-
tioned in the equations are the values of the diameters
at the working conditions. Measurements taken at any
other conditions must be corrected for any possible ex-
pansion or contraction of the primary device and the
pipe due to the temperature and pressure of the fluid
during measurement.

The value of the volume rate of flow can be simply
calculated since

qv � (2-2)

where
� � fluid density at the temperature and pressure

for which the volume is stated

The uncertainty limits can be calculated using the pro-
cedure given in para. 1-7 of this Standard. Broader and
more detailed information for calculation of the uncer-
tainty in flow measurement is given in ASME MFC-2M
and ISO/TR 5168.

Computation for flow rate is performed by utilizing
Eq. (2-1). It is necessary to know the density and the vis-
cosity of the fluid at the working conditions. In the case
of a compressible fluid, it is necessary to know the isen-
tropic exponent of the fluid at the working conditions.

qm
�
�

hw�1
�
1 � �4

�
�
4

C
��
�1 � �4�

2-4 ORIFICE PLATES

The various types of standard orifice plates are simi-
lar and therefore only a single description is needed.
Each type of standard orifice meter is characterized by
the arrangement of the pressure taps.

All types of orifice plate shall conform to the follow-
ing description under working conditions. Limits of use
are given in para. 2-4.3.1.

2-4.1 Description

The axial plane cross-section of a standard orifice
plate is shown in Fig. 2-1. The letters given in the fol-
lowing refer to the corresponding references in Fig. 2-1.

2-4.1.1 General Shape

(a) The part of the plate inside the pipe shall be cir-
cular and concentric with the pipe centerline. The faces
of the plate shall always be flat and parallel.

(b) Unless otherwise stated, the following requirements
apply only to that part of the plate located within the pipe.

(c) Care shall be taken in the design of the orifice plate
and its installation to ensure that plastic buckling and
elastic deformation of the plate, due to the magnitude
of the differential pressure or of any other stress, do 
not cause the slope of the straight line defined in para. 
2-4.1.2(a) to exceed 1% under working conditions.
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e

E

G

I

H

d

�

Direction
of flow

Downstream Face, B

Upstream Face, A

D

Fig. 2-1 Standard Orifice Plate
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2-4.1.2 Upstream Face, A

(a) The upstream face, A, of the plate shall be flat
when the plate is installed in the pipe with zero differ-
ential pressure across it. Provided it can be shown that
the method of mounting does not distort the plate, this
flatness can be measured with the plate removed from
the pipe. Under these circumstances, the plate can be
considered to be flat when the maximum gap between
the plate and a straight edge of length D laid across any
diameter of the plate (see Fig. 2-2) is less than [0.005(D �
d)/2], i.e., the slope is less than 0.5%, when the orifice
plate is examined prior to insertion into the pipeline. As
can be seen from Fig. 2-2 the critical area is in the vicin-
ity of the orifice bore. The uncertainty requirements for
this dimension can be met using feeler gauges.

(b) The upstream face of the orifice plate shall have a
roughness criterion Ra � 10�4d within a circle of diam-
eter not less than D concentric with the orifice bore. If
in the working conditions the plate does not fulfill the
specified conditions, it shall be polished or cleaned to a
diameter of at least D.

(c) Where possible, it is useful to provide a distinc-
tive mark that is visible when the orifice plate is installed
to show that the upstream face of the orifice plate is cor-
rectly installed relative to the direction of flow.

2-4.1.3 Downstream Face, B

(a) The downstream face, B shall be flat and paral-
lel with the upstream face [see requirements of para. 
2-4.1.4(d)].

(b) Although it may be convenient to manufacture the
orifice plate with the same surface finish on each face, it is
unnecessary to provide the same high quality finish for the
downstream face as for the upstream face (see para. 2-4.1.8).

(c) The flatness and surface condition of the down-
stream face can be judged by visual inspection.

2-4.1.4 Thickness, E and e

(a) The thickness, e, of the orifice shall be between
0.005D and 0.02D.

(b) The difference between the values of e measured
at any point on the orifice shall not be greater than
0.001D.

(c) The thickness E of the plate shall be between e and
0.05D. When 50 mm � D � 64 mm (2 in. � D � 2.5 in.),
however, a thickness E up to 3.2 mm (0.125 in.) is accept-
able. It must also meet the requirements of para. 2-4.1.1(c).

(d) If D � 200 mm (7.875 in.), the difference between
the values of E measured at any point of the plate shall
not be greater than 0.001D. If D � 200 mm (7.875 in.), the
difference between the values of E measured at any point
of the plate shall not be greater than 0.2 mm (0.008 in.).

2-4.1.5 Angle of Bevel, F

(a) If the thickness E of the plate exceeds the thick-
ness, e of the orifice, the plate shall be beveled on the
downstream side. The beveled surface shall be finished
to a roughness Ra � 10�4d.

(b) The angle of bevel, F shall be 45 deg 
 15 deg.

2-4.1.6 Edges, G, H, and I

(a) The upstream edge, G shall not have wire-edges,
burrs, or any peculiarities visible to the naked eye.

(b) The upstream edge, G shall be sharp. It is consid-
ered so if the edge radius is not greater than 0.0004d.

If d � 25 mm (1 in.), this requirement can generally
be considered as satisfied by visual inspection by check-
ing that the edge does not seem to reflect a beam of light
when viewed with the naked eye. If d � 25 mm (1 in.),
visual inspection is not sufficient. If there is any doubt
as to whether this requirement is met, the edge radius
shall be measured.

(c) The upstream edge shall be square. It is considered
to be so when the angle between the orifice bore and the
upstream face of the orifice plate is 90 deg 
 0.3 deg.

(d) The downstream edges, H and I are within the
separated flow region. Consequently, the requirements
for their quality are less stringent than those for edge,
G. This being the case, small defects (e.g., a single nick
not crossing the upstream edge) are acceptable.

2-4.1.7 Diameter of Orifice, d

(a) The diameter, d shall in all cases be greater than
or equal to 12.5 mm (0.5 in.). The diameter ratio (� �
d/D) shall be between 0.10 and 0.75. It should be noted,
however, that the uncertainty statements given in this
Standard favor diameter ratios between 0.20 and 0.60.

(b) The value, d of the diameter of the orifice shall be
taken as the mean of the measurements of at least four
diameters at approximately equal angles to each other.
Care shall be taken that the edge and throat are not dam-
aged when making these measurements.

The orifice plate temperature shall be recorded at the
time the bore diameter measurements are made. These
measurements shall be made under thermally stable
conditions: during the measurement, the temperature
should be constant within 
 0.5°C (
 1°F). For the pur-
pose of flow calculation, the orifice bore diameter shall
be corrected for the temperature difference between the
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Note (3)

Note (1)

Note (2)

Straight edge Orifice

Fig. 2-2 Orifice Plate Flatness Measurement

NOTES:
(1) Orifice plate outside diameter.
(2) Pipe inside diameter.
(3) Departure from flatness.
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reference temperature of the bore measurement and the
operating temperature under flowing conditions.

(c) The bore shall be cylindrical, concentric, and per-
pendicular to the upstream face.

No diameter shall differ by more than 0.05% from the
value of the mean diameter. In all cases, the roughness
of the orifice bore cylindrical section shall not be such
that it affects the edge sharpness measurement.

The bore of the orifice plate shall be concentric with
the axis of the adjacent pipe. Lack of concentricity is
caused by the offset between the center of the bore and
the center of the pipe. As stated in para. 2-5.3.3, this
Part gives no information by which to predict the value
of any additional uncertainty due to lack of concen-
tricity.

2-4.1.8 Bidirectional Plates

(a) If the orifice plate is to be used for measuring 
reverse flows, the additional requirements of paras. 
2-4.1.8(a)(1) through 2-4.1.8(a)(4) shall be fulfilled.

(1) The plate shall not be beveled.
(2) The two faces shall comply with the specifica-

tions for the upstream face given in para. 2-4.1.2.
(3) The thickness, E of the plate shall be equal to the

thickness, e of the orifice specified in para. 2-4.1.4. Conse-
quently, it may be necessary to limit the differential pres-
sure to prevent plate distortion [see para. 2-4.1.1(c)].

(4) The two edges of the orifice shall comply with
the specifications for the upstream edge specified in
para. 2-4.1.6.

(b) For orifice plates with D and D/2 taps (see para.
2-4.2), two sets of upstream and downstream pressure
taps shall be provided and used according to the direc-
tion of the flow.

2-4.1.9 Material and Manufacture. The plate can be
manufactured from any material and in any way, pro-
vided that it is and remains in accordance with the fore-
going description during the flow measurements.

2-4.2 Pressure Taps

For each orifice plate, at least one upstream pressure tap
and one downstream pressure tap shall be installed in one
of the standard locations: D and D/2, flange, or corner taps.

A single orifice plate can be used with several sets of
pressure taps suitable for different types of standard ori-
fice meters. To avoid interference, multiple taps (either
upstream or downstream) shall be offset by at least 30
deg. The location of the pressure taps characterizes the
type of orifice meter.

2-4.2.1 Details of Pressure Taps for D and D/2 Tap

Orifice Meters and Flange Tap Orifice Meters

(a) The spacing, l of a pressure tap is the distance be-
tween the centerline of the pressure tap and the plane
of a specified face of the orifice plate (see Fig. 2-3). When
installing the pressure taps, the thickness of the gaskets
and/or sealing material shall be considered.

For orifice plates with D and D/2 taps, the spacing,
l1 of the upstream pressure tap is equal to

l1 � D 
 0.1D

The spacing, l2 of the downstream pressure tap is equal to
(1) l2 � 0.5D 
 0.02D for � � 0.6
(2) l2 � 0.5D 
 0.01D for �  0.6

Both l1 and l2 dimensions are measured from the up-
stream face of the orifice plate.

(b) For orifice plates with flange taps (see Fig. 2-3),
the spacing, l1 of the upstream pressure tap is nominally
25.4 mm (1 in.) and is measured from the upstream face
of the orifice plate.

The spacing (l	2) of the downstream pressure tap is
nominally 25.4 mm (1.00 in.) and is measured from the
downstream face of the orifice plate.

These upstream and downstream dimensions (l1 and
l	2) shall be within the following ranges:

(1) 25.4 mm 
 0.5 mm, for �  0.6 and D � 150 mm
(1.00 in. 
 0.02 in., for �  0.6 and D � 6 in.)

(2) 25.4 mm 
 1 mm, for � � 0.6 or �  0.6 and 
1000 mm � D � 150 mm (1.00 in. 
 0.04 in., for � � 0.6
or �  0.6 and 40 in. � D � 6 in.)

(c) The centerline of the tap shall intersect the pipe
centerline at an angle of 90 deg 
 3 deg.

(d) The hole on the inside wall of the pipe shall be
circular. The edges shall be flush with the internal sur-
face of the pipe wall and as sharp as possible. To ensure
the elimination of all burrs or wire edges at the inner
edge, rounding is permitted, but shall have a radius less
than one-tenth of the pressure tap diameter. No irregu-
larity shall appear inside the connecting hole, on the
edges of the hole drilled in the pipe wall, or on the pipe
wall close to the pressure tap.

(e) Conformity of the pressure taps with the require-
ments specified in paras. 2-4.2.1(c) and (d) can be judged
by visual inspection.

(f ) The diameter of pressure taps shall be less than
0.13D and less than 13 mm (0.5 in.). No restriction is
placed on the minimum diameter, which is determined
by the need to prevent blockage and to give satisfactory
dynamic performance. The upstream and downstream
taps shall have the same diameter.

(g) The pressure taps shall be circular and cylindrical
over a length of at least 2.5 times the internal diameter
of the tap, measured from the inside wall of the pipe.

(h) The centerlines of the pressure taps can be located
in any axial plane of the pipeline.

(i) The axes of the upstream and downstream taps
shall be located in the same axial plane.

2-4.2.2 Orifice Plate With Corner Taps

(a) The spacing between the centerlines of the taps
and the respective faces of the plate is equal to half the
diameter or to half the width of the taps themselves, so
that the tap holes break through the wall flush with the
faces of the plate [see Fig. 2-4 and para. 2-4.2.2(e)].
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(b) The pressure taps can be either single taps or an-
nular slots. Both types of taps can be located either in the
pipe or its flanges or in carrier rings as shown in Fig. 2-4.

(c) The diameter of a single tap and the width of an-
nular slots are specified below. The minimum diameter
is determined in practice by the need to prevent block-
age and to give satisfactory dynamic performance.

For clean fluids and gases
(1) 0.005D � a � 0.03D for � � 0.65
(2) 0.01D � a � 0.02D for �  0.65

If D � 100 mm (4 in.), a value of a up to 2 mm (0.08
in) is acceptable for any �. 

For any value of �
(3) for clean fluids: 1 mm (0.04 in.) � a � 10 mm

(0.40 in.)
(4) for gases, in the case of annular chambers: 1 mm

(0.04 in.) � a � 10 mm (0.40 in.)
(5) for gases and for liquefied gases, in the case of

single taps: 4 mm (0.16 in.) � a � 10 mm (0.40 in.)
(d) The annular slots shall break through the inside

wall of the pipe over the entire perimeter, with no break
in continuity. If this is not possible, each annular cham-
ber shall connect with the inside of the pipe by at least
four openings, the axes of which are at equal angles to
one another and the individual opening area of which
is least 12 mm2 (0.019 in.2).

(e) If individual pressure taps are used, the centerline
of the taps shall meet the centerline of the pipe at an an-
gle of 90 deg 
 3 deg.

If there are several discrete pressure taps in the
same upstream or downstream plane, their center-
lines shall form equal angles to each other. The di-
ameters of individual pressure taps are specified in
para. 2-4.2.2(c).

The pressure taps shall be circular and cylindrical
over a length of at least 2.5 times the internal diameter
of the taps measured from the inner wall of the pipeline.
The upstream and downstream pressure taps shall have
the same diameter.

( f ) The internal diameter, b, of the carrier ring shall
be greater than or equal to the diameter, D, of the pipe,
to ensure that they do not protrude into the pipe, but
shall be less than or equal to 1.04D. Furthermore, the
following condition shall be met:

� � 100 � (2-3)

The lengths, c and c	, of the upstream and down-
stream rings shall not be greater than 0.5D. The thick-
ness, f, of the slot shall be greater than or equal to twice
the width of the annular slot, a. The area of the cross
section of the annular chamber, gh, shall be greater than

0.1
��
0.1 � 2.3�4

c
�
D

b � D
�

D
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Note (4)
l1 [Note (5)]

l1 [Note (1)]
l2 

[Note (2)]

l	2 [Note (5)]

Note (3)

d

Direction
of flow

D

Fig. 2-3 Spacing of Pressure Taps for Orifice Plates With D and D/2 Pressure Taps or Flange Taps

NOTES:
(1) l1 � D 
 0.1D.
(2) l2 � 0.5D 
 0.02D for �  0.6.

� 0.5D 
 0.01D for �  0.6.
(3) D and D/2 pressure tap arrangement.
(4) Flange tap arrangement.
(5) l1 � l	2 � 25.4 mm 
 0.5 mm (1.00 in. 
 0.02 in.) for �  0.6 and D � 150 mm (6 in.)

� 25.4 mm 
 1 mm (1.00 in. 
 0.04 in.) for � � 0.6
� 25.4 mm 
 1 mm (1.00 in. 
 0.04 in.) for �  0.6 and 150 mm � D � 1000 mm (6 in. � D � 40 in.)
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Direction
of flow

Carrier ring

Pressure taps

Orifice plate

Note (1)

Note (2)

b

dD

s

a

c

f

h

g

j

a

c	

a � width of annular set
a � diameter of sink top

b � inside diameter of carrier ring
c � length of upstream ring

c	 � length of downstream ring
f � slot depth
g � annular chamber dimensions
h � annular chamber dimensions
s � distance from upstream step to carrier ring

j � chamber tap diameter

NOTES:
(1) Carrier ring with annular slot.
(2) Individual taps.

Fig. 2-4 Corner Taps
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or equal to half the total area of the opening connecting
this chamber to the inside of the pipe.

(g) All surfaces of the ring that are in contact with the
measured fluid shall be clean and shall have a well-ma-
chined finish. The surface finish shall meet the pipe
roughness requirements (see para. 2-4.3.1).

(h) The pressure taps connecting the annular chambers
to the secondary devices are pipe-wall taps, circular at the
point of breakthrough and with a diameter, j, between 4
mm and 10 mm (0.16 in. and 0.40 in.) [see para. 2-4.2.1(d)].

(i) The upstream and downstream carrier rings need
not be identical to each other, but they shall both con-
form to the preceding requirements.

(j) The diameter of the pipe shall be measured as
specified in para. 2-5.4(b), the carrier ring being re-
garded as part of the primary device. This also applies
to the distance requirement given in para. 2-5.4(d) so
that s shall be measured from the upstream edge of the
recess formed by the carrier ring.

2-4.3 Coefficients and Corresponding Uncertainties 

of Orifice Plates

2-4.3.1 Limits of Use. Standard orifice plates shall
only be used in accordance with Part 2 under the fol-
lowing conditions:

(a) For orifice plates with corner or with D and D/2
pressure taps

(1) d � 12.5 mm (0.5 in.)
(2) 50 mm (2 in.) � D � 1 000 mm (40 in.)
(3) 0.10 � � � 0.75
(4) RD � 5000 for 0.10 � � � 0.56
(5) RD � 16000�2 for �  0.56

(b) For orifice plates with flange taps
(1) d � 12.5 mm (0.5 in.)
(2) 50 mm (2 in.) � D � 1000 mm (40 in.)
(3) 0.10 � � � 0.75
(4) RD � 5000 and RD � 170�2D, (D, mm)
(5) RD � 5000 and RD � 4318�2D, (D, in.)

(c) The pipe internal roughness satisfies the follow-
ing: the value of the arithmetical mean deviation of the
roughness, Ra, must be such that 104 Ra/D is less than
the maximum value given in Table 2-1 and greater than
the minimum value given in Table 2-2. 

The discharge coefficient equation (Eq. 2-4) was de-

termined from a database collected using pipes whose
roughness is known. The limits on Ra/D were deter-
mined so that the shift in discharge coefficient due to
using a pipe of a different roughness will not be so great
that the uncertainty value in para. 2-4.3.3.1 is no longer
met. Information regarding pipe roughness can be
found in para. 1-6.1(e) of this Standard.

The roughness shall meet requirements given in Ta-
bles 2-1 and 2-2 for 10D upstream of the orifice plate.
The roughness requirements relate to the orifice fitting
and the upstream pipe work. The downstream rough-
ness is not as critical.

The requirements of this section are satisfied in either
of the following cases:

(1) 1 	m (40 	in.) � Ra � 6 	m (240 	in.), D � 150
mm (6 in.), � � 0.6 and RD � 5 (107)

(2) 1.5 	m (60 	in.) � Ra � 6 	m (240 	in.), D �
150 mm, �  0.6 and RD � 1.5 (107)

When D � 150 mm (6 in.), it is necessary to calculate
the maximum and minimum values of Ra using Tables
2-1 and 2-2.

(d) If the line fluid is a gas, the pressure ratio (throat
pressure to upstream pressure ratio, P2/P1) shall be be-
tween 0.80 and 1.00. If the fluid is a liquid, there is no
limit to the pressure ratio, provided there is no phase
change in the process fluid; the plate does not deflect
beyond that allowed in para. 2-4.1.2(a).

(e) The differential pressure does not exceed 250
kPaD (1,005 inches H2O).

2-4.3.2 Coefficients

2-4.3.2.1 Discharge Coefficient, C. The discharge
coefficient, C, is given by the Reader-Harris/Gallagher
(1998) equation.
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Table 2-1 Maximum Value of 104 Ra/D

Pipe Reynolds Number

� � 104 3 (104) 105 3 (105) 106 3 (106) 107 3 (107) 108

� 0.20 15 15 15 15 15 15 15 15 15
� 0.30 15 15 15 15 15 15 15 14 13
� 0.40 15 15 10 7.2 5.2 4.1 3.5 3.1 2.7
� 0.50 11 7.7 4.9 3.3 2.2 1.6 1.3 1.1 0.9
� 0.60 5.6 4.0 2.5 1.6 1.0 0.7 0.6 0.5 0.4
� 0.65 4.2 3.0 1.9 1.2 0.6 0.6 0.4 0.3 0.3

Table 2-2 Minimum Value of 104 Ra/D
(When Required)

Pipe Reynolds Number

� � 3 (106) 107 3 (107) 108

� 0.50 0.0 0.000 0.000 0.000
� 0.60 0.0 0.000 0.003 0.004
� 0.65 0.0 0.013 0.016 0.012
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C � 0.5961 � 0.0261�2 � 0.216�8 � 0.000521� �0.7

� (0.0188 � 0.0063A)�3.5� �0.3
� (0.043 � 0.080e�10L1

� 0.123e�7L1)(1 � 0.11A) � 0.031(M	2 � 0.8M	21.1)�1.3

(2-4)

When D � 71.12 mm (2.8 in.), the following term shall
be added to Eq. (2-4):

(SI Units)

�0.011(0.75 � �)�2.8 � � (2-5)

(U.S. Customary Units)

�0.11(0.75 � �)(2.8 � D)

where
� � d/D

� diameter ratio
RD � pipe Reynolds number
L1 � l1/D

� quotient of the distance of the upstream tap
from the upstream face of the plate and the
pipe diameter

L	2 � l	2/D
� quotient of the distance of the downstream tap

from the downstream face of the plate, and the
pipe diameter (L	2 denotes the reference of the
downstream spacing from the downstream
face, while L2 would denote the reference of the
downstream spacing from the upstream face)

M	2 �

A � � �0.8

The values of L1 and L	2 to be used in this equation, when
the dimensions are in accordance with the requirements
of paras. 2-4.2.1(a) and (b) or para. 2-4.2.2 are as follows:

(a) for Corner taps

L1 � L	2 � 0

(b) for D and D/2 taps

L1 � 1
L	2 � 0.47

(c) for Flange taps
(1) for D, mm: L1 � L	2 � (25.4/D)
(2) for D, in.: L1 � L	2 � (1/D)

Equation (2-4) is valid only for the tap arrangements
defined in paras. 2-4.2.1 or 2-4.2.2. It is not permitted to
enter into the equation pairs of values of L1 and L	2 that
do not match one of these three tap arrangements.

This equation, as well as the uncertainties given in 
2-4.3.3, is only valid when the measurement meets all

19000�
�

RD

2L	2
�
1 � �

D
�
25.4

�4
�
1 � �4

106
�
RD

106�
�
RD

the limits of use specified in para. 2-4.3.1 and the gen-
eral installation requirements specified in para. 2-5, and
in Part 1 of this Standard.

Values of C in the functions of �, RD, and D are given
for convenience in Tables 2A-1 to 2A-11. These values
are not intended for precise interpolation and extrapo-
lation is not permitted.

2-4.3.2.2 Expansibility Factor, � (Y). For the three
types of tap arrangement, the empirical formula for
computing the expansibility factor, � (Y), is as follows:

� � 1 � (0.351 � 0.256�4 � 0.93�8)�1 � � �
1
�	 (2-6)

Eq. 2-6 is applicable only within the range of the limits
of use specified in para. 2-4.3.1 and only if P2/P1 � 0.80.

Test results for the determination of � (Y) are only
known for air, steam, and natural gas. There is no known
objection, however, to using the same formula for other
gases for which the isentropic exponent is known.

Values of the expansibility factor as a function of the
isentropic exponent, the pressure ratio, and the diame-
ter ratio are given for convenience in Table 2A-12. These
values are not intended for precise interpolation and ex-
trapolation is not permitted.

2-4.3.3 Uncertainties

2-4.3.3.1 Uncertainty of Discharge Coefficient, C.
For all three tapping arrangements, when �, RD, D, and
Ra/D are assumed to be known without error, the rela-
tive uncertainty of the value of C is equal to

(a) 
 (0.7 � �)% for 0.1 � � � 0.2
(b) 
 0.5% for 0.2 � � � 0.6
(c) 
 (1.667� � 0.5)% for 0.6 � � � 0.75
Where D � 71.12 mm (2.8 in.), the following relative

uncertainty shall be added to the above values:

(SI Units)


 0.9(0.75 � �)�2.8 � �% (2-7)

(U.S. Customary Units)


 0.9(0.75 � �)(2.8 � D)%

Where �  0.5 and RD � 10 000, 0.5% shall be added
to the above values.

2-4.3.3.2 Uncertainty of Expansibility Factor, � (Y).
When �, �p/p1, and � are assumed to be known with-
out error, the relative uncertainty, %, of the value of 
� (Y) is equal to

(SI Units)


 3.5 % (2-8)

(U.S. Customary Units)


 3.5 %
0.03606hw
��

�p1

�p
�
�p1

D
�
25.4

P2
�
P1
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2-4.4 Pressure Loss, �� (h)

(a) The pressure loss, �� (h), for the orifice plates de-
scribed in Part 2 is approximately related to the differ-
ential pressure �p (hw) by the following equation:

(SI Units)

�� � �p (2-9)

(U.S. Customary Units)

h � (0.03606hw)

This pressure loss is the difference in static pressure be-
tween the pressure measured at the wall on the upstream
side of the orifice plate at a section where the influence of
the approach impact pressure adjacent to the plate is still
negligible (approximately 1D upstream of the orifice
plate) and that measured on the downstream side of the
orifice plate where the static pressure recovery by expan-
sion of the jet may be considered as just completed (ap-
proximately 6D downstream of the orifice plate).

(b) Another approximate value of ��/�p (h/hw) is 
1 � �1.9.

(c) The pressure loss coefficient, K, for the orifice plate
is

K � � � 1	
2

(2-10)

where K is defined by the following Eq. (2-11):

(SI Units)

K � (2-11)

(U.S. Customary Units)

K �

2-5 INSTALLATION REQUIREMENTS

2-5.1 General

General installation requirements for pressure differ-
ential devices are contained in para. 1-6 of this Standard
and shall be followed in conjunction with the additional
installation requirements for nozzles and venturi nozzles
given in this section. The general requirements for flow
conditions at the primary device are given in para. 1-6.3
of this Standard. The requirements for use of a flow con-
ditioner are given in para. 1-6.4 of this Standard. For some
commonly used fittings shown in Table 2-3, the minimum
straight lengths of pipe indicated can be used. Detailed
requirements are given in para. 2-5.2. A flow conditioner
(as in para. 2-5.3), however, will permit the use of a shorter

h
�

�
1
2

� �1V1
2

��
�

�
1
2

� �1V1
2

�1 � �4�(1 � C�2)�
��

C�2

�1 � �4�(1 � C�2)� � C�2
���
�1 � �4�(1 � C�2)� � C�2

�1 � �4�(1 � C�2)� � C�2
���
�1 � �4�(1 � C�2)� � C�2

MEASUREMENT OF FLUID FLOW IN PIPES 
ASME MFC-3M–2004 USING ORIFICE, NOZZLE, AND VENTURI

26

upstream pipe length. Furthermore, a flow conditioner
must be installed upstream of the orifice plate where suf-
ficient straight length to achieve the desired level of un-
certainty is not available. Downstream of a header, the use
of a flow conditioner is strongly recommended.

2-5.2 Minimum Upstream and Downstream Straight

Pipe Requirements

(a) The minimum straight lengths of pipe to be in-
stalled upstream and downstream of the orifice plate for
various fittings in the installation without flow condi-
tioners are given in Table 2-3.

(b) When a flow conditioner is not used, the lengths
specified in Table 2-3 must be regarded as the minimum
values. For research and calibration work, it is recom-
mended that the upstream values specified in Table 
2-3 be increased as much as reasonably possible.

(c) When the straight lengths used are equal to or
longer than the values specified in each Column A and
General Note (d) of Table 2-3 for “zero additional un-
certainty,” it is not necessary to increase the uncertainty
in discharge coefficient to take account of the effect of
the particular installation. Although termed “uncer-
tainty” in this instance, using upstream lengths shorter
than those given in each Column A of Table 2-3 will re-
sult in flow measurement bias errors. Furthermore, ori-
entation of the pressure taps with respect to the various
fittings can affect the magnitude of the bias error.

(d) For a given fitting, when the upstream straight
length is greater than or equal to the “0.5% Additional
Uncertainty” value shown in each Column B of Table 2-3
and/or shorter than the value corresponding to “Zero
Additional Uncertainty” (as shown in each Column A),
an additional uncertainty of 0.5% shall be added arith-
metically to the uncertainty in the discharge coefficient.
As detailed in para. 2-5.2(c), although termed uncertainty
in this instance, when using upstream straight length
greater than or equal to the value shown in each Col-
umn B of Table 2-3 and shorter than the value corre-
sponding to shown in each Column A of Table 2-3, a
flow measurement bias error less than 0.5% will be in-
troduced. Since both the direction (positive or negative)
and the magnitude of this error are specific to the in-
stallation in question, this Standard addresses this un-
known bias error as an increase in the uncertainty band.

(e) Part 2 of this Standard cannot be used to predict
the value of any additional uncertainty when the up-
stream straight length is shorter than the “0.5% Addi-
tional Uncertainty” values specified in each column B
of Table 2-3, or when both the upstream and down-
stream straight lengths are shorter than the “Zero Ad-
ditional Uncertainty” values specified in each Column A
of Table 2-3 are used.

( f) The valves included in Table 2-3 shall be fully
open during the flow measurement process. It is rec-
ommended that control of the flow rate be achieved by
valves located downstream of the orifice plate. Isolating
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valves located upstream of the orifice plate shall be fully
open, and these valves must be full bore. The valve
should be fitted with stops for alignment of the ball or
gate in the open position.

(g) Upstream valves that are bored to match the in-
side diameter of the adjacent pipe and are designed in
such a manner that in the fully opened condition there
are no steps, can be regarded as part of the upstream
pipe length and do not need to have added lengths as
in Table 2-3. Other valves should not be included up-
stream of the orifice plate. It is recommended that con-
trol of the flow rate be achieved by valves located down-
stream of the orifice plate.

(h) The values given in Table 2-3 were determined ex-
perimentally with fully developed and swirl-free flow up-
stream of the subject fitting. Since in practice such condi-
tions are difficult to achieve, the following information can
be used as a guide for normal installation practice.

(1) If several fittings of the type covered by Table
2-3 (other than the combinations of 90 deg bends already
covered by this Table) are placed in series upstream of
the orifice plate, the following paragraphs shall apply.

(a) Between the fitting immediately upstream of
the orifice plate (Fitting 1) and the orifice plate itself, there
shall be a straight length at least equal to the minimum
length given in Table 2-3 appropriate for the specific ori-
fice plate diameter ratio in conjunction with Fitting 1.

(b) Between Fitting 1 and the next fitting further
upstream (Fitting 2), a minimum straight length equal
to the product of the diameter of the pipe between Fit-
ting 1 and Fitting 2 and the number of diameters given
in Table 2-3 for an orifice plate of diameter ratio 0.67
used in conjunction with Fitting 2 shall be included be-
tween Fittings 1 and 2, irrespective of the actual � for
the orifice plate used. If either of the minimum straight

lengths is selected from Column B, a 0.5% additional un-
certainty shall be added arithmetically to the discharge
coefficient uncertainty.

(c) If the upstream metering section has a full bore
valve preceded by another fitting, then the valve can be
installed at the outlet of the Fitting 2 from the orifice plate.
The length between the valve and the Fitting 2 shall be
added to the length between the orifice plate and the Fit-
ting 1, specified in Table 2-3 (see also Fig. 2-5). Paragraph
2-5.2(h)(3) must also be satisfied (as it is in Fig. 2-5).

(2) In addition to the rule in para. 2-5.2(h)(1), a
given fitting (treating any two consecutive 90 deg bends
as a single fitting) must be located at a distance from the
orifice plate at least as great as that given in Table 2-3.
This is regardless of the number of fittings between the
fitting in question and the orifice plate.

The distance between the orifice plate and the fitting
shall be measured along the pipe axis. If the distance
meets this requirement using the number of diameters
in each Column B but not that in each Column A, then
a 0.5% additional uncertainty shall be added arithmeti-
cally to the discharge coefficient uncertainty. This addi-
tional uncertainty shall not be added more than once un-
der the provisions of this paragraph and para. 2-5.2(h)(1).

(3) It is strongly recommended that a flow condi-
tioner (see para. 1-6.4 of this Standard) be installed
downstream of a metering system header (i.e., one
whose cross section area is approximately equal to 1.5
times the cross sectional area of the operating flow me-
ter tubes) since there will always be distortion of the
flow profile and a high probability of swirl. When the
second (or more distant) fitting from the orifice is a com-
bination of bends, then in applying Table 2-3 the sepa-
ration between the bends is calculated as a multiple of
the diameter of the bends themselves.
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Orifice plate

14D

28D

14D

Orifice plate

Full bore ball or gate valve,
fully open

Full bore ball or gate valve,
fully open

Increaser

Increaser

Fig. 2-5 Layout Including a Full Bore Valve for � � 0.6
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(i) Two cases of the application of paras. 2-5.2(h)(1)
and 2-5.2(h)(2) are considered. In each case, the second
fitting from the orifice plate is a two-bend combination
in perpendicular planes (the separation between the
bends is ten times the diameter of the bends) and the
orifice plate has diameter ratio 0.4.

(1) If the first fitting is a full bore ball valve fully open
(see Fig. 2-6a), the distance between the valve and the ori-
fice plate must be at least 12D (from Table 2-3). Further-
more, between the two-bend combination in perpen-
dicular planes and the valve, there must be at least 22D
[from para. 2-5.2(h)(1)], and the distance between the two-
bend combination in perpendicular planes and the orifice
plate, there must be at least 44D [from para. 2-5.2(h)(2)].
If the valve has a laying length of 1D, an additional length
of 9D is required. This length can be upstream, down-
stream, or partly upstream and partly downstream of the
valve. Paragraph 2-5.2(h)(1)(c) could also be used to move
the valve to be adjacent to the two-bend combination in
perpendicular planes, provided that there is at least 44D
from the two-bend combination in perpendicular planes
to the orifice plate (see Fig. 2-6, sketch (b)).

(2) If the first fitting is a reducer from 2D to D over
a length of 2D (see Fig. 2-6, sketch (c), the distance be-
tween the reducer and the orifice plate must be at least
5D (from Table 2-3) and that between the two-bend com-
bination in perpendicular planes and the reducer must
be at least 22 � 2D [from para. 2-5.2(h)(1)]; the distance
between the two-bend combination in perpen-
dicular planes and the orifice plate must be at least 44D
[from para. 2-5.2(h)(2)]. So no additional length is re-
quired because of para. 2-5.2(h)(3).

(3) If the first fitting is an increaser from 0.5D to D
over a length of 2D (see Fig. 2-6, sketch (d)), the distance
between the increaser and the orifice plate must be at least
12D (from Table 2-3). Furthermore, between the two-bend
combination in perpendicular planes and the increaser,
there must be at least 22 � 0.5D [from para. 2-5.2(h)(1)],
and the distance between the two-bend combination in
perpendicular planes and the orifice plate must be at least
44D [from para. 2-5.2(h)(2)]. So an additional length of 19D
is required. This length can be upstream, downstream, or
partly upstream and partly downstream of the expander.

2-5.3 Flow Conditioners

2-5.3.1 General. A flow conditioner can be used to
reduce upstream straight lengths. See paras. 1-6.4.1 and
1-6.4.2 of this Standard for additional information.

Paragraphs 2-5.3.2 and 2-5.3.3 give the situations in
which the 19-tube bundle flow straightener and the Zanker
flow conditioner plate can be used upstream of orifice
plates. Paragraphs 2-5.3.2.2 and 2-5.3.2.3 describe the situ-
ations in which the 19-tube bundle flow straightener and
the Zanker flow conditioner plate can be used downstream
of any fitting. Paragraph 2-5.3.2.3 describes some addi-
tional situations in which the 19-tube bundle flow straight-
ener can be used to reduce the required upstream length.

Nonmandatory Appendix 2B describes some flow condi-
tioners that can be used upstream of orifice plates and the
requirements for straight pipe lengths associated with
them. It is not intended that the inclusion of the flow con-
ditioners described there limit the use of other flow con-
ditioner designs that have been tested and proved to pro-
vide sufficiently small shifts in discharge coefficient.

2-5.3.2 The 19-Tube Bundle Flow Straightener

2-5.3.2.1 Description

2-5.3.2.1.1 Design. The 19-tube bundle flow
straightener shall consist of nineteen (19) tubes arranged
in a cylindrical pattern as shown in Fig. 2-7.

In order to reduce the swirl that can occur between
the exterior tubes of the tube bundle flow straightener
and the wall of the pipe, the maximum outside diame-
ter of the flow straightener, Df , must satisfy 0.95D �
Df � D. The length, L, of the tubes shall be between 2D
and 3D, preferably as close to 2D as possible.

2-5.3.2.1.2 Tubing of the 19-Tube Bundle Flow

Straightener. It is necessary for all the tubes in the tube
bundle to be of uniform smoothness, outer diameter and
wall thickness. The individual tube wall thickness of the
19-tube bundle flow straightener shall be thin. All tubes
shall have an internal chamfer on both ends. The wall
thickness shall be less than 0.025D; this value is based
on the wall thickness of the tubes used to collect the data
on which Part 2 is based.

2-5.3.2.1.3 Fabrication of the 19-Tube Bundle

Flow Straightener. The 19-tube bundle flow straightener
must be fabricated to withstand the loads to which it
will be subjected. Individual tubes should be welded to-
gether at the points of contact, at least at both ends of
the tube bundle. It is important to ensure that the tubes
are parallel to each other and to the pipe axis since, if
this requirement is not adhered to, the straightener it-
self can introduce swirl into the flow. Centering spacers
can be provided on the outside of the assembly to as-
sist the installer in centering the device in the pipe; these
can take the form of small lugs or small rods parallel to
the pipe axis. After being inserted in the pipe, the tube
bundle shall be securely fastened in place. Secure fas-
tening, however, must not distort the tube bundle as-
sembly with respect to symmetry within the pipe.

2-5.3.2.1.4 Pressure Loss. The pressure loss coef-
ficient, K, for the 19-tube bundle flow straightener is ap-
proximately equal to 0.75, where K is given by Eq. (2-12):

K � (2-12)

where 
�pc � pressure loss across the 19-tube bundle flow

straightener 
V � mean axial velocity of the fluid in the pipe 
� � the fluid density. 

All units must be consistent.

�pc
�

�
1
2

� �V2
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(22 � x)D (12 � y)D

(a) x � 0, y � 0, x � y � 9

(d) x � 0, y � 0, x � y � 19

D

� 43D

2D

2D

D

0.5D

D

� 44D � 5D

(b)

(c)

D

2D (12 � y)D(11 � x)D

Fig. 2-6 Examples of Acceptable Installations
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2-5.3.2.2 Installation Downstream of Any Fitting

(a) The 19-tube bundle flow straightener shown in
Fig. 2-7 can be used downstream of any upstream fit-
ting with an orifice plate whose diameter ratio is 0.67 or
smaller provided that it meets the manufacturing spec-
ification in para. 2-5.3.2.1 and is installed in accordance
with para. 2-5.3.2.2(b).

(b) The 19-tube bundle flow straightener shall be in-
stalled so that there is at least 30D between the orifice
plate and the upstream fitting. The 19-tube bundle flow
straightener shall be installed so that the distance be-
tween the downstream end of the 19-tube bundle flow
straightener and the orifice plate is equal to 13D 
 0.25D.

2-5.3.2.3 Additional Options

(a) A 19-tube bundle flow straightener can also be
used to reduce the required upstream straight length in
situations outside the situation described in para. 2-5.3.2.2.
The 19-tube bundle flow straightener shall be as de-
scribed in para. 2-5.3.2.1.

The permissible locations for the 19-tube bundle flow
straightener depend on Lf, the distance from the orifice
plate to the nearest upstream fitting, measured to the
downstream end of the curved portion of the nearest (or
only) bend or of the tee or the downstream end of the
conical portion of the reducer or expander.

Table 2-4 provides the allowable location range and
the recommended location for the 19-tube bundle flow
straightener for two ranges of Lf :

(1) 30D  Lf � 18D
(2) Lf � 30D

Lf must be greater than or equal to 18D. The locations
for the 19-tube bundle flow straightener are described
in Table 2-4 in terms of the straight lengths between the
downstream end of the 19-tube bundle flow straight-
ener and the orifice plate.

If, for a given upstream fitting, orifice plate diameter
ratio, and value of Lf, there is no location shown in Table
2-4 for a 19-tube bundle flow straightener, an installa-
tion with this fitting, �, and Lf is not recommended: an
increase in Lf and/or a reduction in � is necessary.

The length required downstream of the orifice plate
shall be as given in Table 2-3. An example of the use of
Table 2-4 is given in para. 2-5.3.2.4.

(b) When the straight length between the orifice plate
and the 19-tube bundle flow straightener is in accor-
dance with the values specified in each column A of
Table 2-4, and the downstream straight length is in ac-
cordance with each column A of Table 2-3 for “zero ad-
ditional uncertainty,” it is not necessary to increase the
uncertainty in discharge coefficient to take account of
the effect of the particular installation.

(c) For a given fitting, an additional uncertainty of
0.5% shall be added arithmetically to the uncertainty in
the discharge coefficient when either paras. 2-5.3.2.3(c)(1)
or 2-5.3.2.3(c)(2) apply.

(1) The straight length between the orifice plate
and the 19-tube bundle flow straightener is not in 
accordance with the value corresponding to “Zero
Additional Uncertainty” shown in each Column A,
but is in accordance with the value corresponding to
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Minimized gap

L [Note (4)]

D
f 

[N
ot

e 
(3

)]Note (1)

Note (2)

Pipe wall

45 deg
60 deg

NOTES:
(1) Tube wall thickness, � 0.025D.
(2) Centering spacer options, typically four locations.
(3) Df � flow straightener outside diameter, 0.95 � Df � D.
(4) Length, L, of the tubes, 2D � L � 3D, as close to 2D as possible.

Fig. 2-7 19-Tube Bundle Flow Straightener
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“0.5% Additional Uncertainty” shown in each column B
of Table 2-4.

(2) The downstream straight length is shorter than
the value corresponding to “Zero Additional Uncer-
tainty” shown in each Column A, but is either equal to
or greater than the “0.5% Additional Uncertainty” value
shown in each Column B of Table 2-3.

(d) Part 2 cannot be used to predict the value of any
additional uncertainty when

(1) the straight length between orifice plate and 19-
tube bundle flow straightener is not in accordance with
the value corresponding to “0.5% Additional Uncer-
tainty” shown in each Column B of Table 2-4.

(2) the downstream straight length is shorter than
the “0.5% Additional Uncertainty” value specified in
each Column B of Table 2-3.

(3) both the straight length between orifice plate and
19-tube bundle flow straightener is not in accordance with
the value corresponding to “Zero Additional Uncertainty”
shown in each Column A of Table 2-4 and the downstream
straight length is shorter than the “Zero Additional Un-
certainty” value specified in each Column A of Table 2-3.

(e) In the metering system, upstream valves that are
bored to match the adjacent pipe 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 pipe length
and do not need to be regarded as an upstream fitting,
provided that when flow is being measured they are fully
open. It is recommended that control of the flow rate be
achieved by valves located downstream of the orifice plate.

(f) The values given in Table 2-3 were determined ex-
perimentally with fully developed and swirl-free flow
upstream of the subject fitting. Since in practice such
conditions are difficult to achieve, there shall be at least
15D of straight pipe between the fitting listed in Table
2-4 and the nearest fitting beyond that one, unless the
columns relating to any fitting are used.

2-5.3.2.4 Example. If it is necessary to install a sin-
gle bend upstream of an orifice plate of diameter ratio 0.6,
there are two options using a 19-tube bundle flow straight-
ener that will reduce the upstream length in comparison
to the 44D required (see Table 2-3) if no flow conditioner
is used. One approach is to permit an installation as in
para. 2-5.3.2.2(b) (see Fig. 2-8, sketch (a)), which has the
advantage that any fitting can be placed at any distance
upstream of the single bend. Alternately, an installation
as in Table 2-4 is permissible (see Fig. 2-8, sketch (b)),
which gives a shorter straight length required down-
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3D
2D 13D ± 0.25D

� 30D

Note (1)

3D
2D

15
D

13D
12D

30D
18D

Note (2)

(a) Using Para. 2-5.3.2.2(b)

(b) Using Table 2-4

NOTES:
(1) Position of any fitting placed at any distance upstream of the single bend.
(2) Position of previous fitting placed before straight length upstream of the single bend.

Fig. 2-8 Examples of Installations With a 19-Tube Bundle Flow Straightener 
Downstream of a Single Bend
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stream of the bend but a straight length required upstream
of the bend. If the upstream straight length to the bend is
greater than or equal to 30D, Table 2-4 can also be used
to provide a wider range of tube bundle locations (since
these locations will rarely be required when designing in-
stallations, these options are not shown in Fig. 2-8).

2-5.3.3 The Zanker Flow Conditioner Plate. The
Zanker Conditioner Plate described here is a development
of the Zanker conditioner described in para. 1C-3.2.5 of
Part 1 of this Standard. The Zanker Conditioner Plate
has the same distribution of holes in a plate, but does
not have the egg-box honeycomb attached to the plate.
Instead, the plate thickness has been increased to D/8.
It is not patented.

The Zanker Conditioner Plate shown in Fig. 2-9 meets
the compliance test requirements given in para. 1-6.4.1(b)
and 1-6.4.1(c) of this Standard, provided it meets the
manufacturing specification in para. 5.3.2.3 and is in-
stalled in accordance with para. 5.3.2.3(a) and 5.3.2.3(b).

The Zanker flow conditioner plate consists of 32 bored
holes arranged in a symmetrical circular pattern. The
dimensions of the holes are a function of the pipe inside
diameter D. The tolerance on the diameter of each hole
is 
 0.1 mm (
 0.004 in.) for D � 100 mm (4 in.).

The perforated plate thickness, tc, is such that 0.12D �
tc � 0.15D. The flange thickness depends on the appli-
cation; the outer diameter and flange face surfaces de-
pend on the flange type and application.

The pressure loss coefficient, K, for Zanker Condi-
tioner Plate is approximately equal to 3, where K is given
by the following equation:

K � (2-13)

where
�pc � pressure loss across the Zanker Conditioner

Plate
V � mean axial velocity of the fluid in the pipe

2-5.3.3.1 Installation. Provided that Lf � 18D, it is
acceptable to install the Zanker Conditioner Plate so that
Ls, the distance between the downstream face of the
Zanker Conditioner Plate and the orifice plate is such
that 7.5D � Ls � (Lf � 8.5)D, provided that � � 0.67.

This location is acceptable downstream of any fitting.
A wider range of locations for the Zanker Conditioner
Plate is permissible if the range of upstream fittings is
restricted, if the overall length between the upstream fit-
ting and the orifice plate is increased, or if the diameter
ratio of the orifice plate is decreased. The distance to a
bend (or bend combination) or a tee is measured to the
downstream end of the curved portion of the nearest (or
only) bend or of the tee. The distance to a reducer or ex-
pander is measured to the downstream end of the con-
ical portion of the reducer or increaser.

�pc
�

�
1
2

� �V2
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Fig. 2-9 Zanker Flow Conditioner Plate

Note (1)

Note (2)

Note (3)

8 � 11 deg, 40 min

8 �
 18 d

eg
,

30 m
in

8 �
 29 deg

Note (4)

Note (5)

D/8

45 deg

NOTES:
(1) Hole diameter 0.139D, pitch circle diameter 0.56D 
 0.0056D, 8 holes.
(2) Hole diameter 0.1365D, pitch circle diameter 0.75D 
 0.0075D, 4 holes.
(3) Hole diameter 0.141D, pitch circle diameter 0.25D 
 0.0025D, 4 holes.
(4) Hole diameter 0.110D, pitch circle diameter 0.85D 
 0.0085D, 8 holes.
(5) Hole diameter 0.077D, pitch circle diameter 0.90D 
 0.009D, 8 holes.
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2-5.4 Circularity of the Pipe

(a) The length of the upstream pipe section adjacent
to the orifice plate (or to the carrier ring if there is one)
shall be at least 2D and cylindrical. The pipe is said to
be cylindrical when no diameter in any plane differs by
more than 0.3% from the mean value of D obtained from
the measurements specified in para. 2-5.4(b).

(b) The value for the pipe diameter, D shall be the
mean of the internal diameters over a length of 0.5D up-
stream of the upstream pressure tap. The mean internal
diameter shall be the arithmetic mean of measurements
of at least twelve diameters: four diameters (positioned
at approximately equal angles to each other) and dis-
tributed in each of at least three cross sectional planes.
These planes shall be evenly distributed over a length
of 0.5D. Two of these planes shall be 0D and 0.5D from
the upstream tap, and one shall be in the plane of the
weld (in the case of a weld-neck construction). If there
is a carrier ring (see Fig. 2-4), this value of 0.5D shall be
measured from the upstream edge of the carrier ring.

(c) Beyond 2D from the orifice plate, the upstream
pipe run between the orifice plate and the first upstream
fitting or disturbance can be made up of one or more
sections of pipe.

Between 2D and 10D from the orifice plate, no addi-
tional uncertainty in the discharge coefficient is incurred
if the diameter step (the difference between the diameters)
between any two sections does not exceed 0.3% of the
mean value of D obtained from the measurements speci-
fied in para. 2-5.4(b). Moreover, the actual step caused by
misalignment and/or change in diameter must not exceed
0.3% of D at any point on the internal circumference of
the pipe. Mating flanges, therefore, require the bores to be
matched and the flanges aligned on installation. Dowels
or self-centering gaskets can be used.

Beyond 10D from the orifice plate, no additional un-
certainty in the discharge coefficient is involved pro-
vided that the diameter step (the difference between the
diameters) between any two sections does not exceed
2% of the mean value of D obtained from the measure-
ments specified in para. 2-5.4(b). Moreover, the actual
step caused by misalignment and/or change in diame-
ter must not exceed 2% of D at any point of the inter-
nal circumference of the pipe. If the pipe diameter up-
stream of the step is greater than that downstream of it,
the permitted diameter and actual steps are increased
from 2% to 6% of D. On each side of the step, the pipe
shall have a diameter between 0.98D and 1.06D. Beyond
10D from the orifice plate, the use of gaskets between
sections will not violate this requirement provided that
in use they are no thicker than 3.2 mm (0.125 in.) and
they do not protrude into the flow.

At a location that is both beyond 10D from the orifice
plate and beyond the first location where an increaser
could be fitted in accordance with Column 10A of Table
2-3, no additional uncertainty in the discharge coefficient
is involved provided that the diameter step (the differ-

ence between the diameters) between any two sections
does not exceed 6% of the mean value of D obtained from
the measurements specified in para. 2-5.4(b). Moreover,
the actual step caused by misalignment and/or change
in diameter shall not exceed 6% of D at any point of the
internal circumference of the pipe. On each side of the
step, the pipe shall have a diameter between 0.94D and
1.06D. The first location where an expander could be fit-
ted in accordance with Column 10A of Table 2-3 depends
on the diameter ratio of the orifice plate, for example, it
is 26D from the orifice plate if � � 0.6.

(d) An additional uncertainty of 0.2% shall be added
arithmetically to the uncertainty for the discharge coef-
ficient if the diameter step �D between any two sections
exceeds the limits given in para. 2-5.4(c), but complies
with the following relationships:

� 0.002� � (2-14)

� 0.05 (2-15)

where
s � distance of the step from the upstream pressure

tap or, if a carrier ring is used, from the upstream
edge of the recess formed by the carrier ring

(e) If a step is greater than any one of the limits given
in the inequalities above, the installation is not in ac-
cordance with Part 2. For further guidance refer to para.
1-5.1(a) of this Standard.

( f ) No diameter of the downstream straight length
considered along a length of at least 2D from the up-
stream face of the orifice plate shall differ from the mean
diameter of the upstream straight length by more than
3%. This can be judged by checking a single diameter
of the downstream straight length. Mating flanges
would require the bores to be matched and the flanges
aligned on installation. Dowels or self-centering gaskets
can be used.

2-5.5 Location of Orifice Plate and Carrier Rings

(a) The orifice plate shall be placed in the pipe in such
a way that the fluid flows toward the upstream face and
away from the downstream face.

(b) The orifice plate shall be perpendicular to the cen-
terline of the pipe to within 1 deg.

(c) The orifice plate shall be centered in the pipe. The
distance, ec, between the centerline of the orifice and the
centerlines of the pipe on the upstream and downstream
sides shall be measured and minimized.

At each tap cross section, the distance between the
centerline of the orifice and the centerline of the pipe (in
which the tap is located) shall be determined. The dis-
tance shall be broken into components that are parallel
to and perpendicular to the axis of the pressure tap.

�D
�
D

�
D
s
� � 0.4

��
0.1 � 2.3�4

�D
�
D
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ecl, the component in the direction parallel to the pres-
sure tap, shall for each pressure tap be such that

ecl � (2-16)

ecn, the component in the direction perpendicular to
the pressure tap, shall for each pressure tap be such that

ecn � (2-17)

If for one or more pressure taps

� ecl � (2-18)

an additional uncertainty of 0.3% shall be added arith-
metically to the uncertainty on the discharge coefficient,
C. This additional uncertainty shall only be added once
even if the above inequality holds for several pressure
taps.

In the case where for any pressure tap either

ecl or ecn  (2-19)
0.005D

��
0.1 � 2.3�4

0.005D
��
0.1 � 2.3�4

0.0025D
��
0.1 � 2.3�4

0.005D
��
0.1 � 2.3�4

0.0025D
��
0.1 � 2.3�4

Part 2 gives no information by which to predict the value
of any additional uncertainty due to lack of concentric-
ity to be taken into account.

(d) When carrier rings are used, they shall be cen-
tered such that they do not protrude into the pipe at
any point.

2-5.6 Method of Fixing and Gaskets

(a) The method of fixing and tightening shall be such
that once the orifice plate has been installed in the
proper position, it remains so. When holding the orifice
plate between flanges, it is necessary, to allow for its free
thermal expansion and to avoid buckling and distortion.

(b) Gaskets or sealing rings shall be made and in-
serted in such a way that they do not protrude at any
point inside the pipe or across the pressure taps (or slots
when corner taps are used). They shall be as thin as pos-
sible, with due consideration taken in maintaining the
relationship as defined in para. 2-4.2.

(c) If gaskets are used between the orifice plate and
the annular chamber rings, they shall not protrude in-
side the annular chamber.
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Table 2A-1 Orifice Plate With Corner Taps: Discharge Coefficient, C, for D � 71.12 mm (2.8 in.)

Diameter

Ratio,

� 5 (103) 1 (104) 2 (104) 3 (104) 5 (104) 7 (104) 1 (105) 3 (105) 1 (106) 1 (107) 1 (108) �

0.10 0.6006 0.5990 0.5980 0.5976 0.5972 0.5970 0.5969 0.5966 0.5965 0.5964 0.5964 0.5964
0.12 0.6014 0.5995 0.5983 0.5979 0.5975 0.5973 0.5971 0.5968 0.5966 0.5965 0.5965 0.5965
0.14 0.6021 0.6000 0.5987 0.5982 0.5977 0.5975 0.5973 0.5969 0.5968 0.5966 0.5966 0.5966
0.16 0.6028 0.6005 0.5991 0.5985 0.5980 0.5978 0.5976 0.5971 0.5969 0.5968 0.5968 0.5968
0.18 0.6036 0.6011 0.5995 0.5989 0.5983 0.5981 0.5978 0.5974 0.5971 0.5970 0.5970 0.5969

0.20 0.6045 0.6017 0.6000 0.5993 0.5987 0.5984 0.5981 0.5976 0.5974 0.5972 0.5972 0.5971
0.22 0.6053 0.6023 0.6005 0.5998 0.5991 0.5987 0.5985 0.5979 0.5976 0.5974 0.5974 0.5974
0.24 0.6062 0.6030 0.6010 0.6002 0.5995 0.5991 0.5988 0.5982 0.5979 0.5977 0.5976 0.5976
0.26 0.6072 0.6038 0.6016 0.6007 0.5999 0.5996 0.5992 0.5986 0.5982 0.5980 0.5979 0.5979
0.28 0.6083 0.6046 0.6022 0.6013 0.6004 0.6000 0.5997 0.5990 0.5986 0.5983 0.5982 0.5981

0.30 0.6095 0.6054 0.6029 0.6019 0.6010 0.6005 0.6001 0.5994 0.5989 0.5986 0.5985 0.5984
0.32 0.6107 0.6063 0.6036 0.6026 0.6016 0.6011 0.6006 0.5998 0.5993 0.5990 0.5988 0.5987
0.34 0.6120 0.6073 0.6044 0.6033 0.6022 0.6017 0.6012 0.6003 0.5998 0.5993 0.5992 0.5991
0.36 0.6135 0.6084 0.6053 0.6040 0.6029 0.6023 0.6018 0.6008 0.6002 0.5997 0.5996 0.5994
0.38 0.6151 0.6096 0.6062 0.6049 0.6036 0.6030 0.6024 0.6013 0.6007 0.6001 0.5999 0.5998

0.40 0.6168 0.6109 0.6072 0.6058 0.6044 0.6037 0.6031 0.6019 0.6012 0.6006 0.6003 0.6001
0.42 0.6187 0.6122 0.6083 0.6067 0.6052 0.6044 0.6038 0.6025 0.6017 0.6010 0.6007 0.6005
0.44 0.6207 0.6137 0.6094 0.6077 0.6061 0.6052 0.6045 0.6031 0.6022 0.6014 0.6011 0.6008
0.46 0.6228 0.6152 0.6106 0.6087 0.6070 0.6061 0.6053 0.6037 0.6027 0.6019 0.6015 0.6012
0.48 0.6251 0.6169 0.6118 0.6098 0.6079 0.6069 0.6061 0.6043 0.6033 0.6023 0.6019 0.6015

0.50 0.6276 0.6186 0.6131 0.6109 0.6088 0.6078 0.6069 0.6050 0.6038 0.6027 0.6022 0.6018
0.51 0.6289 0.6195 0.6138 0.6115 0.6093 0.6082 0.6073 0.6053 0.6040 0.6029 0.6024 0.6019
0.52 0.6302 0.6204 0.6144 0.6121 0.6098 0.6087 0.6077 0.6056 0.6043 0.6030 0.6025 0.6020
0.53 0.6316 0.6213 0.6151 0.6126 0.6103 0.6091 0.6080 0.6059 0.6045 0.6032 0.6026 0.6021
0.54 0.6330 0.6223 0.6158 0.6132 0.6108 0.6095 0.6084 0.6061 0.6047 0.6033 0.6027 0.6021

0.55 0.6344 0.6232 0.6165 0.6138 0.6112 0.6099 0.6088 0.6064 0.6049 0.6034 0.6028 0.6022
0.56 . . . 0.6242 0.6172 0.6143 0.6117 0.6103 0.6091 0.6066 0.6050 0.6035 0.6028 0.6022
0.57 . . . 0.6252 0.6179 0.6149 0.6121 0.6107 0.6095 0.6069 0.6052 0.6036 0.6028 0.6022
0.58 . . . 0.6262 0.6185 0.6155 0.6126 0.6111 0.6098 0.6070 0.6053 0.6036 0.6028 0.6021
0.59 . . . 0.6272 0.6192 0.6160 0.6130 0.6114 0.6101 0.6072 0.6054 0.6036 0.6028 0.6020

0.60 . . . 0.6282 0.6198 0.6165 0.6134 0.6117 0.6103 0.6073 0.6054 0.6035 0.6027 0.6019
0.61 . . . 0.6292 0.6205 0.6170 0.6137 0.6120 0.6106 0.6074 0.6054 0.6034 0.6025 0.6017
0.62 . . . 0.6302 0.6211 0.6175 0.6140 0.6123 0.6108 0.6075 0.6054 0.6033 0.6023 0.6014
0.63 . . . 0.6312 0.6217 0.6179 0.6143 0.6125 0.6109 0.6075 0.6052 0.6030 0.6021 0.6011
0.64 . . . 0.6321 0.6222 0.6183 0.6145 0.6126 0.6110 0.6074 0.6051 0.6028 0.6017 0.6007

0.65 . . . 0.6331 0.6227 0.6186 0.6147 0.6127 0.6110 0.6073 0.6048 0.6024 0.6013 0.6002
0.66 . . . 0.6340 0.6232 0.6189 0.6148 0.6128 0.6110 0.6071 0.6045 0.6020 0.6008 0.5997
0.67 . . . 0.6348 0.6236 0.6191 0.6149 0.6127 0.6108 0.6068 0.6041 0.6014 0.6002 0.5990
0.68 . . . 0.6357 0.6239 0.6193 0.6149 0.6126 0.6106 0.6064 0.6036 0.6008 0.5995 0.5983
0.69 . . . 0.6364 0.6242 0.6193 0.6147 0.6124 0.6104 0.6059 0.6030 0.6001 0.5987 0.5974

0.70 . . . 0.6372 0.6244 0.6193 0.6145 0.6121 0.6100 0.6053 0.6023 0.5992 0.5978 0.5964
0.71 . . . 0.6378 0.6245 0.6192 0.6142 0.6117 0.6094 0.6046 0.6014 0.5982 0.5967 0.5953
0.72 . . . 0.6383 0.6244 0.6189 0.6138 0.6111 0.6088 0.6038 0.6005 0.5971 0.5955 0.5940
0.73 . . . 0.6388 0.6243 0.6186 0.6132 0.6104 0.6080 0.6028 0.5993 0.5958 0.5942 0.5926
0.74 . . . 0.6391 0.6240 0.6181 0.6125 0.6096 0.6071 0.6016 0.5980 0.5943 0.5926 0.5910
0.75 . . . 0.6394 0.6236 0.6174 0.6116 0.6086 0.6060 0.6003 0.5965 0.5927 0.5909 0.5892

GENERAL NOTE: This table is given for convenience. The values given are not intended for precise interpolation and extrapolation is not permitted.
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Table 2A-2 Orifice Plate With D and D/2 Taps: Discharge Coefficient, C, for D � 71.12 mm (2.8 in.)

Diameter

Ratio,

� 5 (103) 1 (104) 2 (104) 3 (104) 5 (104) 7 (104) 1 (105) 3 (105) 1 (106) 1 (107) 1 (108) �

0.10 0.6003 0.5987 0.5977 0.5973 0.5969 0.5967 0.5966 0.5963 0.5962 0.5961 0.5961 0.5960
0.12 0.6010 0.5991 0.5979 0.5975 0.5971 0.5969 0.5967 0.5964 0.5962 0.5961 0.5961 0.5961
0.14 0.6016 0.5995 0.5982 0.5977 0.5972 0.5970 0.5968 0.5965 0.5963 0.5962 0.5961 0.5961
0.16 0.6023 0.6000 0.5985 0.5980 0.5974 0.5972 0.5970 0.5966 0.5964 0.5962 0.5962 0.5962
0.18 0.6029 0.6004 0.5989 0.5982 0.5977 0.5974 0.5971 0.5967 0.5965 0.5963 0.5963 0.5963

0.20 0.6037 0.6009 0.5992 0.5985 0.5979 0.5976 0.5974 0.5969 0.5966 0.5964 0.5964 0.5964
0.22 0.6044 0.6015 0.5996 0.5989 0.5982 0.5979 0.5976 0.5971 0.5968 0.5966 0.5965 0.5965
0.24 0.6053 0.6021 0.6001 0.5993 0.5985 0.5982 0.5979 0.5973 0.5970 0.5967 0.5967 0.5966
0.26 0.6062 0.6027 0.6006 0.5997 0.5989 0.5985 0.5982 0.5975 0.5972 0.5969 0.5969 0.5968
0.28 0.6072 0.6034 0.6011 0.6002 0.5993 0.5989 0.5985 0.5978 0.5975 0.5972 0.5971 0.5970

0.30 0.6082 0.6042 0.6017 0.6007 0.5998 0.5993 0.5989 0.5982 0.5978 0.5974 0.5973 0.5973
0.32 0.6094 0.6051 0.6024 0.6013 0.6003 0.5998 0.5994 0.5986 0.5981 0.5977 0.5976 0.5975
0.34 0.6107 0.6060 0.6031 0.6020 0.6009 0.6004 0.5999 0.5990 0.5985 0.5981 0.5979 0.5978
0.36 0.6121 0.6071 0.6040 0.6027 0.6016 0.6010 0.6005 0.5995 0.5989 0.5984 0.5983 0.5981
0.38 0.6137 0.6082 0.6049 0.6035 0.6023 0.6016 0.6011 0.6000 0.5994 0.5988 0.5986 0.5985

0.40 0.6153 0.6095 0.6059 0.6044 0.6031 0.6024 0.6018 0.6006 0.5999 0.5993 0.5991 0.5989
0.42 0.6172 0.6109 0.6070 0.6054 0.6039 0.6032 0.6025 0.6012 0.6005 0.5998 0.5995 0.5993
0.44 0.6192 0.6124 0.6082 0.6065 0.6049 0.6041 0.6034 0.6019 0.6011 0.6003 0.6000 0.5997
0.46 0.6214 0.6140 0.6094 0.6076 0.6059 0.6050 0.6042 0.6027 0.6017 0.6008 0.6005 0.6002
0.48 0.6238 0.6157 0.6108 0.6088 0.6070 0.6060 0.6052 0.6035 0.6024 0.6014 0.6010 0.6006

0.50 0.6264 0.6176 0.6123 0.6101 0.6081 0.6071 0.6062 0.6043 0.6031 0.6020 0.6016 0.6011
0.51 0.6278 0.6186 0.6131 0.6108 0.6087 0.6076 0.6067 0.6047 0.6035 0.6023 0.6019 0.6014
0.52 0.6292 0.6197 0.6139 0.6115 0.6093 0.6082 0.6072 0.6052 0.6039 0.6027 0.6021 0.6016
0.53 0.6307 0.6207 0.6147 0.6123 0.6100 0.6088 0.6078 0.6056 0.6043 0.6030 0.6024 0.6019
0.54 0.6322 0.6218 0.6155 0.6130 0.6106 0.6094 0.6083 0.6061 0.6047 0.6033 0.6027 0.6021

0.55 0.6337 0.6229 0.6164 0.6138 0.6113 0.6100 0.6089 0.6065 0.6050 0.6036 0.6030 0.6024
0.56 . . . 0.6241 0.6173 0.6145 0.6119 0.6106 0.6095 0.6070 0.6054 0.6039 0.6032 0.6026
0.57 . . . 0.6253 0.6182 0.6153 0.6126 0.6112 0.6100 0.6075 0.6058 0.6042 0.6035 0.6028
0.58 . . . 0.6265 0.6191 0.6161 0.6133 0.6119 0.6106 0.6079 0.6062 0.6045 0.6038 0.6030
0.59 . . . 0.6277 0.6200 0.6169 0.6140 0.6125 0.6112 0.6084 0.6066 0.6048 0.6040 0.6032

0.60 . . . 0.6290 0.6210 0.6177 0.6147 0.6131 0.6118 0.6088 0.6070 0.6051 0.6042 0.6034
0.61 . . . 0.6303 0.6219 0.6186 0.6154 0.6138 0.6124 0.6093 0.6073 0.6053 0.6044 0.6036
0.62 . . . 0.6316 0.6229 0.6194 0.6161 0.6144 0.6129 0.6097 0.6077 0.6056 0.6046 0.6037
0.63 . . . 0.6329 0.6238 0.6202 0.6168 0.6150 0.6135 0.6102 0.6080 0.6058 0.6048 0.6039
0.64 . . . 0.6343 0.6248 0.6210 0.6175 0.6156 0.6140 0.6106 0.6083 0.6060 0.6050 0.6039

0.65 . . . 0.6356 0.6258 0.6219 0.6182 0.6162 0.6146 0.6109 0.6086 0.6062 0.6051 0.6040
0.66 . . . 0.6370 0.6268 0.6227 0.6188 0.6168 0.6151 0.6113 0.6088 0.6063 0.6051 0.6040
0.67 . . . 0.6384 0.6277 0.6235 0.6195 0.6174 0.6156 0.6116 0.6090 0.6064 0.6052 0.6040
0.68 . . . 0.6398 0.6287 0.6243 0.6201 0.6179 0.6161 0.6120 0.6092 0.6065 0.6052 0.6039
0.69 . . . 0.6411 0.6296 0.6250 0.6207 0.6185 0.6165 0.6122 0.6094 0.6065 0.6051 0.6038

0.70 . . . 0.6425 0.6305 0.6258 0.6213 0.6189 0.6169 0.6125 0.6095 0.6065 0.6051 0.6037
0.71 . . . 0.6439 0.6315 0.6265 0.6218 0.6194 0.6173 0.6127 0.6096 0.6064 0.6049 0.6035
0.72 . . . 0.6453 0.6323 0.6272 0.6223 0.6198 0.6176 0.6128 0.6096 0.6063 0.6047 0.6032
0.73 . . . 0.6467 0.6332 0.6279 0.6228 0.6202 0.6179 0.6129 0.6096 0.6061 0.6045 0.6029
0.74 . . . 0.6480 0.6340 0.6285 0.6233 0.6206 0.6182 0.6130 0.6095 0.6059 0.6042 0.6025
0.75 . . . 0.6494 0.6349 0.6291 0.6237 0.6209 0.6184 0.6130 0.6094 0.6056 0.6038 0.6021

GENERAL NOTE: This table is given for convenience. The values given are not intended for precise interpolation and extrapolation is not permitted.
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Table 2A-3 Orifice Plate With Flange Taps: Discharge Coefficient, C, for D � 50 mm (2 in.)

Diameter

Ratio,

� 5 (103) 1 (104) 2 (104) 3 (104) 5 (104) 7 (104) 1 (105) 3 (105) 1 (106) 1 (107) 1 (108) �

0.25 0.6102 0.6069 0.6048 0.6040 0.6032 0.6029 0.6025 0.6019 0.6016 0.6014 0.6013 0.6012

0.26 0.6106 0.6071 0.6050 0.6041 0.6033 0.6029 0.6026 0.6020 0.6016 0.6014 0.6013 0.6012
0.28 0.6114 0.6076 0.6053 0.6044 0.6035 0.6031 0.6028 0.6021 0.6017 0.6014 0.6013 0.6012

0.30 0.6123 0.6082 0.6057 0.6047 0.6038 0.6034 0.6030 0.6022 0.6018 0.6015 0.6014 0.6013
0.32 0.6132 0.6089 0.6062 0.6052 0.6042 0.6037 0.6032 0.6024 0.6019 0.6016 0.6014 0.6013
0.34 0.6143 0.6097 0.6068 0.6056 0.6045 0.6040 0.6035 0.6026 0.6021 0.6017 0.6016 0.6014
0.36 0.6155 0.6105 0.6074 0.6062 0.6050 0.6044 0.6039 0.6029 0.6023 0.6019 0.6017 0.6016
0.38 0.6169 0.6115 0.6081 0.6068 0.6055 0.6049 0.6043 0.6032 0.6026 0.6021 0.6019 0.6017

0.40 0.6184 0.6125 0.6089 0.6075 0.6061 0.6054 0.6048 0.6036 0.6029 0.6023 0.6021 0.6019
0.42 0.6200 0.6137 0.6098 0.6082 0.6068 0.6060 0.6054 0.6041 0.6033 0.6026 0.6023 0.6021
0.44 0.6219 0.6150 0.6108 0.6091 0.6075 0.6067 0.6060 0.6045 0.6037 0.6029 0.6026 0.6023
0.46 0.6239 0.6164 0.6119 0.6100 0.6083 0.6074 0.6067 0.6051 0.6041 0.6033 0.6029 0.6026
0.48 0.6260 0.6180 0.6130 0.6110 0.6092 0.6082 0.6074 0.6057 0.6046 0.6036 0.6032 0.6028

0.50 0.6284 0.6196 0.6143 0.6121 0.6101 0.6091 0.6082 0.6063 0.6051 0.6040 0.6036 0.6031
0.51 0.6297 0.6205 0.6149 0.6127 0.6106 0.6095 0.6086 0.6066 0.6054 0.6042 0.6037 0.6033
0.52 0.6310 0.6214 0.6156 0.6133 0.6111 0.6100 0.6090 0.6069 0.6056 0.6044 0.6039 0.6034
0.53 0.6324 0.6224 0.6163 0.6139 0.6116 0.6105 0.6094 0.6073 0.6059 0.6046 0.6041 0.6035
0.54 0.6338 0.6234 0.6171 0.6145 0.6122 0.6109 0.6099 0.6076 0.6062 0.6048 0.6042 0.6037

0.55 0.6352 0.6244 0.6178 0.6152 0.6127 0.6114 0.6103 0.6080 0.6065 0.6050 0.6044 0.6038
0.56 0.6367 0.6254 0.6186 0.6159 0.6133 0.6119 0.6108 0.6083 0.6067 0.6052 0.6045 0.6039
0.57 0.6383 0.6265 0.6194 0.6165 0.6138 0.6124 0.6112 0.6087 0.6070 0.6054 0.6047 0.6040
0.58 0.6399 0.6276 0.6202 0.6172 0.6144 0.6130 0.6117 0.6090 0.6073 0.6056 0.6048 0.6041
0.59 0.6416 0.6287 0.6210 0.6179 0.6150 0.6135 0.6122 0.6093 0.6075 0.6058 0.6050 0.6042

0.60 0.6433 0.6299 0.6218 0.6186 0.6155 0.6140 0.6126 0.6097 0.6078 0.6059 0.6051 0.6043
0.61 0.6450 0.6310 0.6227 0.6193 0.6161 0.6145 0.6131 0.6100 0.6080 0.6060 0.6051 0.6043
0.62 0.6468 0.6322 0.6235 0.6200 0.6167 0.6150 0.6135 0.6103 0.6082 0.6062 0.6052 0.6043
0.63 0.6486 0.6334 0.6243 0.6207 0.6173 0.6155 0.6139 0.6106 0.6084 0.6062 0.6053 0.6043
0.64 0.6505 0.6347 0.6252 0.6214 0.6178 0.6160 0.6144 0.6109 0.6086 0.6063 0.6053 0.6043

0.65 0.6524 0.6359 0.6260 0.6221 0.6184 0.6164 0.6148 0.6111 0.6088 0.6064 0.6053 0.6042
0.66 0.6544 0.6371 0.6269 0.6228 0.6189 0.6169 0.6152 0.6114 0.6089 0.6064 0.6052 0.6041
0.67 0.6564 0.6384 0.6277 0.6234 0.6194 0.6173 0.6155 0.6116 0.6090 0.6063 0.6051 0.6039
0.68 0.6584 0.6396 0.6285 0.6241 0.6199 0.6177 0.6158 0.6117 0.6090 0.6062 0.6050 0.6037
0.69 0.6604 0.6409 0.6293 0.6247 0.6204 0.6181 0.6161 0.6119 0.6090 0.6061 0.6048 0.6035

0.70 0.6625 0.6421 0.6301 0.6253 0.6208 0.6185 0.6164 0.6120 0.6090 0.6060 0.6045 0.6032
0.71 0.6646 0.6434 0.6309 0.6259 0.6212 0.6188 0.6166 0.6120 0.6089 0.6057 0.6043 0.6028
0.72 0.6667 0.6446 0.6316 0.6265 0.6216 0.6190 0.6168 0.6120 0.6088 0.6055 0.6039 0.6024
0.73 0.6689 0.6459 0.6323 0.6270 0.6219 0.6193 0.6170 0.6120 0.6086 0.6051 0.6035 0.6019
0.74 0.6710 0.6471 0.6330 0.6275 0.6222 0.6195 0.6171 0.6119 0.6084 0.6047 0.6030 0.6014
0.75 0.6732 0.6483 0.6337 0.6279 0.6224 0.6196 0.6171 0.6117 0.6081 0.6043 0.6025 0.6008

GENERAL NOTE: This table is given for convenience. The values given are not intended for precise interpolation and extrapolation is not permitted.
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Table 2A-4 Orifice Plate With Flange Taps: Discharge Coefficient, C, for D � 75 mm (3 in.)

Diameter

Ratio,

� 5 (103) 1 (104) 2 (104) 3 (104) 5 (104) 7 (104) 1 (105) 3 (105) 1 (106) 1 (107) 1 (108) �

0.17 0.6027 0.6003 0.5988 0.5982 0.5977 0.5974 0.5972 0.5967 0.5965 0.5964 0.5964 0.5963

0.18 0.6031 0.6005 0.5990 0.5984 0.5978 0.5975 0.5973 0.5968 0.5966 0.5964 0.5964 0.5964

0.20 0.6038 0.6011 0.5994 0.5987 0.5981 0.5977 0.5975 0.5970 0.5967 0.5966 0.5965 0.5965
0.22 0.6046 0.6016 0.5998 0.5990 0.5984 0.5980 0.5977 0.5972 0.5969 0.5967 0.5967 0.5966
0.24 0.6054 0.6022 0.6002 0.5994 0.5987 0.5983 0.5980 0.5974 0.5971 0.5969 0.5969 0.5968
0.26 0.6064 0.6029 0.6007 0.5999 0.5991 0.5987 0.5984 0.5977 0.5974 0.5971 0.5970 0.5970
0.28 0.6074 0.6036 0.6013 0.6004 0.5995 0.5991 0.5987 0.5980 0.5976 0.5974 0.5973 0.5972

0.30 0.6084 0.6044 0.6019 0.6009 0.6000 0.5995 0.5991 0.5984 0.5979 0.5976 0.5975 0.5974
0.32 0.6096 0.6053 0.6026 0.6015 0.6005 0.6000 0.5996 0.5988 0.5983 0.5979 0.5978 0.5977
0.34 0.6109 0.6062 0.6033 0.6022 0.6011 0.6006 0.6001 0.5992 0.5987 0.5983 0.5981 0.5980
0.36 0.6123 0.6073 0.6042 0.6029 0.6017 0.6012 0.6007 0.5997 0.5991 0.5986 0.5984 0.5983
0.38 0.6139 0.6084 0.6051 0.6037 0.6025 0.6018 0.6013 0.6002 0.5995 0.5990 0.5988 0.5986

0.40 0.6155 0.6097 0.6060 0.6046 0.6032 0.6025 0.6020 0.6008 0.6000 0.5994 0.5992 0.5990
0.42 0.6174 0.6110 0.6071 0.6055 0.6041 0.6033 0.6027 0.6014 0.6006 0.5999 0.5996 0.5994
0.44 0.6194 0.6125 0.6083 0.6066 0.6050 0.6042 0.6035 0.6020 0.6012 0.6004 0.6001 0.5998
0.46 0.6216 0.6141 0.6095 0.6077 0.6059 0.6051 0.6043 0.6027 0.6018 0.6009 0.6005 0.6002
0.48 0.6239 0.6158 0.6108 0.6089 0.6070 0.6060 0.6052 0.6035 0.6024 0.6014 0.6010 0.6006

0.50 0.6264 0.6176 0.6123 0.6101 0.6081 0.6070 0.6061 0.6042 0.6031 0.6020 0.6015 0.6011
0.51 0.6278 0.6186 0.6130 0.6107 0.6086 0.6075 0.6066 0.6046 0.6034 0.6022 0.6017 0.6013
0.52 0.6292 0.6196 0.6138 0.6114 0.6092 0.6081 0.6071 0.6050 0.6037 0.6025 0.6020 0.6015
0.53 0.6306 0.6206 0.6145 0.6121 0.6098 0.6086 0.6076 0.6054 0.6041 0.6028 0.6022 0.6017
0.54 0.6321 0.6216 0.6153 0.6128 0.6104 0.6092 0.6081 0.6058 0.6044 0.6030 0.6024 0.6019

0.55 0.6336 0.6227 0.6161 0.6135 0.6110 0.6097 0.6086 0.6062 0.6047 0.6033 0.6027 0.6021
0.56 0.6352 0.6238 0.6170 0.6142 0.6116 0.6103 0.6091 0.6066 0.6051 0.6035 0.6029 0.6022
0.57 0.6368 0.6249 0.6178 0.6149 0.6122 0.6108 0.6096 0.6070 0.6054 0.6038 0.6031 0.6024
0.58 0.6385 0.6261 0.6186 0.6156 0.6128 0.6114 0.6101 0.6074 0.6057 0.6040 0.6032 0.6025
0.59 0.6402 0.6273 0.6195 0.6164 0.6134 0.6119 0.6106 0.6078 0.6060 0.6042 0.6034 0.6026

0.60 0.6419 0.6284 0.6203 0.6171 0.6140 0.6125 0.6111 0.6082 0.6063 0.6044 0.6035 0.6027
0.61 0.6437 0.6296 0.6212 0.6178 0.6146 0.6130 0.6116 0.6085 0.6065 0.6045 0.6036 0.6028
0.62 0.6455 0.6309 0.6221 0.6186 0.6152 0.6135 0.6120 0.6088 0.6067 0.6047 0.6037 0.6028
0.63 . . . 0.6321 0.6229 0.6193 0.6158 0.6140 0.6125 0.6091 0.6069 0.6048 0.6038 0.6028
0.64 . . . 0.6333 0.6238 0.6200 0.6164 0.6145 0.6129 0.6094 0.6071 0.6048 0.6038 0.6028

0.65 . . . 0.6346 0.6246 0.6207 0.6169 0.6150 0.6133 0.6097 0.6073 0.6049 0.6038 0.6027
0.66 . . . 0.6358 0.6255 0.6213 0.6174 0.6154 0.6137 0.6099 0.6074 0.6048 0.6037 0.6026
0.67 . . . 0.6370 0.6263 0.6220 0.6179 0.6158 0.6140 0.6100 0.6074 0.6048 0.6036 0.6024
0.68 . . . 0.6382 0.6270 0.6226 0.6184 0.6162 0.6143 0.6102 0.6074 0.6046 0.6034 0.6021
0.69 . . . 0.6395 0.6278 0.6232 0.6188 0.6165 0.6145 0.6102 0.6074 0.6045 0.6031 0.6018

0.70 . . . 0.6407 0.6285 0.6237 0.6191 0.6168 0.6147 0.6102 0.6073 0.6042 0.6028 0.6014
0.71 . . . 0.6418 0.6292 0.6242 0.6194 0.6170 0.6148 0.6102 0.6071 0.6039 0.6024 0.6010
0.72 . . . 0.6430 0.6298 0.6246 0.6197 0.6171 0.6149 0.6101 0.6068 0.6035 0.6019 0.6004
0.73 . . . 0.6441 0.6304 0.6250 0.6199 0.6172 0.6149 0.6099 0.6065 0.6030 0.6014 0.5998
0.74 . . . 0.6451 0.6310 0.6253 0.6200 0.6173 0.6149 0.6096 0.6061 0.6025 0.6008 0.5991
0.75 . . . 0.6462 0.6314 0.6256 0.6201 0.6172 0.6147 0.6093 0.6056 0.6018 0.6000 0.5983

GENERAL NOTE: This table is given for convenience. The values given are not intended for precise interpolation and extrapolation is not permitted.
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Table 2A-5 Orifice Plate With Flange Taps: Discharge Coefficient, C, for D � 100 mm (4 in.)

Diameter

Ratio,

� 5 (103) 1 (104) 2 (104) 3 (104) 5 (104) 7 (104) 1 (105) 3 (105) 1 (106) 1 (107) 1 (108) �

0.13 0.6014 0.5994 0.5982 0.5977 0.5973 0.5971 0.5969 0.5966 0.5964 0.5963 0.5962 0.5962

0.14 0.6018 0.5997 0.5984 0.5979 0.5974 0.5972 0.5970 0.5966 0.5964 0.5963 0.5963 0.5963
0.16 0.6025 0.6001 0.5987 0.5981 0.5976 0.5974 0.5972 0.5968 0.5965 0.5964 0.5964 0.5964
0.18 0.6032 0.6006 0.5991 0.5985 0.5979 0.5976 0.5974 0.5969 0.5967 0.5965 0.5965 0.5965

0.20 0.6039 0.6012 0.5995 0.5988 0.5982 0.5979 0.5976 0.5971 0.5969 0.5967 0.5966 0.5966
0.22 0.6047 0.6017 0.5999 0.5992 0.5985 0.5981 0.5979 0.5973 0.5970 0.5969 0.5968 0.5968
0.24 0.6056 0.6024 0.6004 0.5996 0.5988 0.5985 0.5982 0.5976 0.5973 0.5970 0.5970 0.5969
0.26 0.6065 0.6030 0.6009 0.6000 0.5992 0.5988 0.5985 0.5979 0.5975 0.5973 0.5972 0.5971
0.28 0.6075 0.6038 0.6014 0.6005 0.5997 0.5992 0.5989 0.5982 0.5978 0.5975 0.5974 0.5974

0.30 0.6086 0.6046 0.6021 0.6011 0.6002 0.5997 0.5993 0.5985 0.5981 0.5978 0.5977 0.5976
0.32 0.6098 0.6054 0.6028 0.6017 0.6007 0.6002 0.5998 0.5989 0.5985 0.5981 0.5980 0.5979
0.34 0.6111 0.6064 0.6035 0.6024 0.6013 0.6007 0.6003 0.5994 0.5988 0.5984 0.5983 0.5982
0.36 0.6125 0.6075 0.6043 0.6031 0.6019 0.6013 0.6008 0.5998 0.5993 0.5988 0.5986 0.5985
0.38 0.6141 0.6086 0.6052 0.6039 0.6026 0.6020 0.6015 0.6004 0.5997 0.5992 0.5990 0.5988

0.40 0.6157 0.6099 0.6062 0.6048 0.6034 0.6027 0.6021 0.6009 0.6002 0.5996 0.5994 0.5992
0.42 0.6176 0.6112 0.6073 0.6057 0.6042 0.6035 0.6029 0.6015 0.6008 0.6001 0.5998 0.5996
0.44 0.6196 0.6127 0.6084 0.6067 0.6051 0.6043 0.6036 0.6022 0.6013 0.6005 0.6002 0.6000
0.46 0.6217 0.6142 0.6097 0.6078 0.6061 0.6052 0.6044 0.6029 0.6019 0.6010 0.6007 0.6003
0.48 0.6241 0.6159 0.6110 0.6090 0.6071 0.6061 0.6053 0.6036 0.6025 0.6015 0.6011 0.6007

0.50 0.6266 0.6177 0.6124 0.6102 0.6081 0.6071 0.6062 0.6043 0.6031 0.6020 0.6016 0.6011
0.51 0.6279 0.6187 0.6131 0.6108 0.6087 0.6076 0.6067 0.6047 0.6034 0.6023 0.6018 0.6013
0.52 0.6293 0.6197 0.6138 0.6115 0.6092 0.6081 0.6071 0.6051 0.6038 0.6025 0.6020 0.6015
0.53 0.6307 0.6207 0.6146 0.6121 0.6098 0.6086 0.6076 0.6054 0.6041 0.6028 0.6022 0.6017
0.54 0.6322 0.6217 0.6153 0.6128 0.6104 0.6091 0.6081 0.6058 0.6044 0.6030 0.6024 0.6018

0.55 . . . 0.6227 0.6161 0.6135 0.6109 0.6097 0.6085 0.6062 0.6047 0.6032 0.6026 0.6020
0.56 . . . 0.6238 0.6169 0.6141 0.6115 0.6102 0.6090 0.6065 0.6050 0.6034 0.6028 0.6021
0.57 . . . 0.6249 0.6177 0.6148 0.6121 0.6107 0.6095 0.6069 0.6052 0.6036 0.6029 0.6022
0.58 . . . 0.6260 0.6185 0.6155 0.6127 0.6112 0.6100 0.6072 0.6055 0.6038 0.6031 0.6023
0.59 . . . 0.6271 0.6193 0.6162 0.6132 0.6117 0.6104 0.6076 0.6058 0.6040 0.6032 0.6024

0.60 . . . 0.6283 0.6201 0.6169 0.6138 0.6122 0.6108 0.6079 0.6060 0.6041 0.6033 0.6025
0.61 . . . 0.6294 0.6209 0.6176 0.6143 0.6127 0.6113 0.6082 0.6062 0.6042 0.6033 0.6025
0.62 . . . 0.6306 0.6218 0.6182 0.6149 0.6132 0.6117 0.6085 0.6064 0.6043 0.6033 0.6024
0.63 . . . 0.6318 0.6226 0.6189 0.6154 0.6136 0.6120 0.6087 0.6065 0.6043 0.6033 0.6024
0.64 . . . 0.6329 0.6233 0.6195 0.6159 0.6140 0.6124 0.6089 0.6066 0.6043 0.6033 0.6022

0.65 . . . 0.6341 0.6241 0.6201 0.6163 0.6144 0.6127 0.6091 0.6067 0.6042 0.6031 0.6021
0.66 . . . 0.6353 0.6249 0.6207 0.6168 0.6148 0.6130 0.6092 0.6067 0.6041 0.6030 0.6019
0.67 . . . 0.6364 0.6256 0.6212 0.6172 0.6151 0.6132 0.6092 0.6066 0.6040 0.6028 0.6016
0.68 . . . 0.6375 0.6263 0.6218 0.6175 0.6153 0.6134 0.6093 0.6065 0.6037 0.6025 0.6012
0.69 . . . 0.6387 0.6269 0.6222 0.6178 0.6155 0.6135 0.6092 0.6063 0.6034 0.6021 0.6008

0.70 . . . 0.6397 0.6275 0.6226 0.6180 0.6157 0.6136 0.6091 0.6061 0.6031 0.6016 0.6003
0.71 . . . 0.6408 0.6280 0.6230 0.6182 0.6157 0.6136 0.6089 0.6058 0.6026 0.6011 0.5997
0.72 . . . 0.6418 0.6285 0.6233 0.6183 0.6157 0.6135 0.6086 0.6054 0.6020 0.6005 0.5990
0.73 . . . 0.6428 0.6290 0.6235 0.6183 0.6157 0.6133 0.6083 0.6049 0.6014 0.5998 0.5982
0.74 . . . 0.6437 0.6293 0.6236 0.6183 0.6155 0.6131 0.6078 0.6043 0.6006 0.5989 0.5973
0.75 . . . 0.6445 0.6296 0.6237 0.6181 0.6153 0.6127 0.6072 0.6036 0.5998 0.5980 0.5962

GENERAL NOTE: This table is given for convenience. The values given are not intended for precise interpolation and extrapolation is not permitted.
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Table 2A-6 Orifice Plate With Flange Taps: Discharge Coefficient, C, for D � 150 mm (6 in.)

Diameter

Ratio,

� 5 (103) 1 (104) 2 (104) 3 (104) 5 (104) 7 (104) 1 (105) 3 (105) 1 (106) 1 (107) 1 (108) �

0.10 0.6005 0.5988 0.5978 0.5974 0.5971 0.5969 0.5967 0.5965 0.5963 0.5962 0.5962 0.5962
0.12 0.6012 0.5993 0.5981 0.5977 0.5973 0.5971 0.5969 0.5966 0.5964 0.5963 0.5963 0.5963
0.14 0.6018 0.5998 0.5985 0.5980 0.5975 0.5973 0.5971 0.5967 0.5965 0.5964 0.5964 0.5964
0.16 0.6025 0.6002 0.5988 0.5982 0.5977 0.5975 0.5973 0.5969 0.5966 0.5965 0.5965 0.5965
0.18 0.6033 0.6007 0.5992 0.5986 0.5980 0.5977 0.5975 0.5970 0.5968 0.5967 0.5966 0.5966

0.20 0.6041 0.6013 0.5996 0.5989 0.5983 0.5980 0.5977 0.5972 0.5970 0.5968 0.5968 0.5967
0.22 0.6049 0.6019 0.6000 0.5993 0.5986 0.5983 0.5980 0.5975 0.5972 0.5970 0.5969 0.5969
0.24 0.6057 0.6025 0.6005 0.5997 0.5990 0.5986 0.5983 0.5977 0.5974 0.5972 0.5971 0.5971
0.26 0.6067 0.6032 0.6011 0.6002 0.5994 0.5990 0.5987 0.5980 0.5977 0.5974 0.5974 0.5973
0.28 0.6077 0.6039 0.6016 0.6007 0.5998 0.5994 0.5991 0.5984 0.5980 0.5977 0.5976 0.5975

0.30 0.6088 0.6048 0.6023 0.6013 0.6003 0.5999 0.5995 0.5987 0.5983 0.5980 0.5979 0.5978
0.32 0.6100 0.6056 0.6030 0.6019 0.6009 0.6004 0.6000 0.5991 0.5987 0.5983 0.5982 0.5981
0.34 0.6113 0.6066 0.6037 0.6026 0.6015 0.6009 0.6005 0.5996 0.5990 0.5986 0.5985 0.5984
0.36 0.6127 0.6077 0.6045 0.6033 0.6021 0.6015 0.6010 0.6000 0.5995 0.5990 0.5988 0.5987
0.38 0.6143 0.6088 0.6054 0.6041 0.6028 0.6022 0.6017 0.6006 0.5999 0.5994 0.5992 0.5990

0.40 0.6160 0.6101 0.6064 0.6050 0.6036 0.6029 0.6023 0.6011 0.6004 0.5998 0.5996 0.5994
0.42 0.6178 0.6114 0.6075 0.6059 0.6044 0.6037 0.6030 0.6017 0.6009 0.6002 0.6000 0.5997
0.44 0.6198 0.6128 0.6086 0.6069 0.6053 0.6045 0.6038 0.6023 0.6015 0.6007 0.6004 0.6001
0.46 . . . 0.6144 0.6098 0.6079 0.6062 0.6053 0.6046 0.6030 0.6020 0.6011 0.6008 0.6005
0.48 . . . 0.6160 0.6111 0.6091 0.6072 0.6062 0.6054 0.6036 0.6026 0.6016 0.6012 0.6008

0.50 . . . 0.6178 0.6124 0.6102 0.6082 0.6071 0.6062 0.6043 0.6031 0.6021 0.6016 0.6012
0.51 . . . 0.6187 0.6131 0.6108 0.6087 0.6076 0.6067 0.6047 0.6034 0.6023 0.6018 0.6013
0.52 . . . 0.6197 0.6138 0.6114 0.6092 0.6081 0.6071 0.6050 0.6037 0.6025 0.6020 0.6015
0.53 . . . 0.6206 0.6145 0.6121 0.6097 0.6086 0.6075 0.6054 0.6040 0.6027 0.6021 0.6016
0.54 . . . 0.6216 0.6153 0.6127 0.6103 0.6090 0.6080 0.6057 0.6042 0.6029 0.6023 0.6017

0.55 . . . 0.6226 0.6160 0.6133 0.6108 0.6095 0.6084 0.6060 0.6045 0.6031 0.6024 0.6018
0.56 . . . 0.6237 0.6167 0.6140 0.6113 0.6100 0.6088 0.6063 0.6047 0.6032 0.6025 0.6019
0.57 . . . 0.6247 0.6175 0.6146 0.6119 0.6105 0.6092 0.6066 0.6050 0.6034 0.6026 0.6020
0.58 . . . 0.6258 0.6182 0.6152 0.6124 0.6109 0.6096 0.6069 0.6052 0.6035 0.6027 0.6020
0.59 . . . 0.6269 0.6190 0.6159 0.6129 0.6114 0.6100 0.6072 0.6054 0.6036 0.6028 0.6020

0.60 . . . 0.6280 0.6198 0.6165 0.6134 0.6118 0.6104 0.6074 0.6055 0.6036 0.6028 0.6020
0.61 . . . 0.6290 0.6205 0.6171 0.6138 0.6122 0.6107 0.6076 0.6056 0.6037 0.6028 0.6019
0.62 . . . 0.6301 0.6212 0.6177 0.6143 0.6126 0.6111 0.6078 0.6057 0.6036 0.6027 0.6018
0.63 . . . . . . 0.6219 0.6182 0.6147 0.6129 0.6114 0.6080 0.6058 0.6036 0.6026 0.6016
0.64 . . . . . . 0.6226 0.6188 0.6151 0.6132 0.6116 0.6081 0.6058 0.6035 0.6024 0.6014

0.65 . . . . . . 0.6233 0.6193 0.6155 0.6135 0.6118 0.6081 0.6057 0.6033 0.6022 0.6011
0.66 . . . . . . 0.6239 0.6197 0.6158 0.6138 0.6120 0.6081 0.6056 0.6031 0.6019 0.6008
0.67 . . . . . . 0.6245 0.6202 0.6160 0.6139 0.6121 0.6081 0.6054 0.6028 0.6016 0.6004
0.68 . . . . . . 0.6251 0.6205 0.6162 0.6140 0.6121 0.6079 0.6052 0.6024 0.6011 0.5999
0.69 . . . . . . 0.6256 0.6209 0.6164 0.6141 0.6121 0.6077 0.6049 0.6019 0.6006 0.5993

0.70 . . . . . . 0.6260 0.6211 0.6165 0.6141 0.6120 0.6074 0.6044 0.6014 0.6000 0.5986
0.71 . . . . . . 0.6264 0.6213 0.6165 0.6140 0.6118 0.6071 0.6039 0.6007 0.5993 0.5978
0.72 . . . . . . 0.6267 0.6214 0.6164 0.6138 0.6115 0.6066 0.6033 0.6000 0.5984 0.5969
0.73 . . . . . . 0.6269 0.6214 0.6162 0.6135 0.6111 0.6060 0.6026 0.5991 0.5975 0.5959
0.74 . . . . . . 0.6271 0.6213 0.6159 0.6131 0.6106 0.6053 0.6017 0.5981 0.5964 0.5947
0.75 . . . . . . 0.6271 0.6211 0.6154 0.6125 0.6100 0.6044 0.6007 0.5969 0.5951 0.5934

GENERAL NOTE: This table is given for convenience. The values given are not intended for precise interpolation and extrapolation is not permitted.
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Table 2A-7 Orifice Plate With Flange Taps: Discharge Coefficient, C, for D � 200 mm (8 in.)

Diameter

Ratio,

� 5 (103) 1 (104) 2 (104) 3 (104) 5 (104) 7 (104) 1 (105) 3 (105) 1 (106) 1 (107) 1 (108) �

0.10 0.6005 0.5989 0.5979 0.5975 0.5971 0.5969 0.5968 0.5965 0.5963 0.5963 0.5962 0.5962
0.12 0.6012 0.5993 0.5982 0.5977 0.5973 0.5971 0.5969 0.5966 0.5964 0.5963 0.5963 0.5963
0.14 0.6019 0.5998 0.5985 0.5980 0.5975 0.5973 0.5971 0.5967 0.5966 0.5964 0.5964 0.5964
0.16 0.6026 0.6003 0.5989 0.5983 0.5978 0.5975 0.5973 0.5969 0.5967 0.5966 0.5965 0.5965
0.18 0.6033 0.6008 0.5993 0.5986 0.5981 0.5978 0.5975 0.5971 0.5969 0.5967 0.5967 0.5967

0.20 0.6041 0.6014 0.5997 0.5990 0.5984 0.5981 0.5978 0.5973 0.5971 0.5969 0.5968 0.5968
0.22 0.6050 0.6020 0.6001 0.5994 0.5987 0.5984 0.5981 0.5976 0.5973 0.5971 0.5970 0.5970
0.24 0.6058 0.6026 0.6006 0.5998 0.5991 0.5987 0.5984 0.5978 0.5975 0.5973 0.5972 0.5972
0.26 0.6068 0.6033 0.6011 0.6003 0.5995 0.5991 0.5988 0.5981 0.5978 0.5975 0.5975 0.5974
0.28 0.6078 0.6041 0.6017 0.6008 0.6000 0.5995 0.5992 0.5985 0.5981 0.5978 0.5977 0.5976

0.30 0.6089 0.6049 0.6024 0.6014 0.6005 0.6000 0.5996 0.5988 0.5984 0.5981 0.5980 0.5979
0.32 0.6101 0.6058 0.6031 0.6020 0.6010 0.6005 0.6001 0.5992 0.5988 0.5984 0.5983 0.5982
0.34 0.6114 0.6067 0.6038 0.6027 0.6016 0.6011 0.6006 0.5997 0.5992 0.5987 0.5986 0.5985
0.36 0.6128 0.6078 0.6047 0.6034 0.6022 0.6017 0.6012 0.6002 0.5996 0.5991 0.5989 0.5988
0.38 0.6144 0.6089 0.6056 0.6042 0.6029 0.6023 0.6018 0.6007 0.6000 0.5995 0.5993 0.5991

0.40 . . . 0.6102 0.6065 0.6051 0.6037 0.6030 0.6024 0.6012 0.6005 0.5999 0.5997 0.5995
0.42 . . . 0.6115 0.6076 0.6060 0.6045 0.6038 0.6031 0.6018 0.6010 0.6003 0.6001 0.5998
0.44 . . . 0.6129 0.6087 0.6070 0.6054 0.6045 0.6038 0.6024 0.6015 0.6008 0.6004 0.6002
0.46 . . . 0.6145 0.6099 0.6080 0.6063 0.6054 0.6046 0.6030 0.6021 0.6012 0.6008 0.6005
0.48 . . . 0.6161 0.6111 0.6091 0.6072 0.6062 0.6054 0.6037 0.6026 0.6016 0.6012 0.6009

0.50 . . . 0.6179 0.6124 0.6102 0.6082 0.6071 0.6062 0.6043 0.6032 0.6021 0.6016 0.6012
0.51 . . . 0.6188 0.6131 0.6108 0.6087 0.6076 0.6067 0.6047 0.6034 0.6023 0.6018 0.6013
0.52 . . . 0.6197 0.6138 0.6114 0.6092 0.6081 0.6071 0.6050 0.6037 0.6025 0.6019 0.6014
0.53 . . . 0.6206 0.6145 0.6120 0.6097 0.6085 0.6075 0.6053 0.6039 0.6026 0.6021 0.6015
0.54 . . . 0.6216 0.6152 0.6126 0.6102 0.6090 0.6079 0.6056 0.6042 0.6028 0.6022 0.6016

0.55 . . . . . . 0.6159 0.6132 0.6107 0.6094 0.6083 0.6059 0.6044 0.6030 0.6023 0.6017
0.56 . . . . . . 0.6166 0.6138 0.6112 0.6099 0.6087 0.6062 0.6046 0.6031 0.6024 0.6018
0.57 . . . . . . 0.6174 0.6145 0.6117 0.6103 0.6091 0.6065 0.6048 0.6032 0.6025 0.6018
0.58 . . . . . . 0.6181 0.6151 0.6122 0.6107 0.6094 0.6067 0.6050 0.6033 0.6025 0.6018
0.59 . . . . . . 0.6188 0.6156 0.6127 0.6111 0.6098 0.6070 0.6051 0.6033 0.6025 0.6018

0.60 . . . . . . 0.6195 0.6162 0.6131 0.6115 0.6101 0.6072 0.6052 0.6034 0.6025 0.6017
0.61 . . . . . . 0.6202 0.6168 0.6135 0.6119 0.6104 0.6073 0.6053 0.6033 0.6024 0.6016
0.62 . . . . . . 0.6209 0.6173 0.6139 0.6122 0.6107 0.6075 0.6053 0.6033 0.6023 0.6014
0.63 . . . . . . 0.6216 0.6178 0.6143 0.6125 0.6109 0.6076 0.6053 0.6032 0.6022 0.6012
0.64 . . . . . . 0.6222 0.6183 0.6147 0.6128 0.6111 0.6076 0.6053 0.6030 0.6019 0.6009

0.65 . . . . . . 0.6228 0.6188 0.6150 0.6130 0.6113 0.6076 0.6052 0.6028 0.6016 0.6006
0.66 . . . . . . 0.6234 0.6192 0.6152 0.6132 0.6114 0.6075 0.6050 0.6025 0.6013 0.6002
0.67 . . . . . . 0.6239 0.6195 0.6154 0.6133 0.6114 0.6074 0.6047 0.6021 0.6009 0.5997
0.68 . . . . . . 0.6244 0.6198 0.6155 0.6133 0.6114 0.6072 0.6044 0.6016 0.6003 0.5991
0.69 . . . . . . 0.6248 0.6201 0.6156 0.6133 0.6112 0.6069 0.6040 0.6011 0.5997 0.5984

0.70 . . . . . . 0.6252 0.6202 0.6155 0.6131 0.6110 0.6065 0.6035 0.6004 0.5990 0.5976
0.71 . . . . . . 0.6255 0.6203 0.6154 0.6129 0.6107 0.6060 0.6028 0.5996 0.5982 0.5967
0.72 . . . . . . 0.6257 0.6203 0.6152 0.6126 0.6103 0.6054 0.6021 0.5988 0.5972 0.5957
0.73 . . . . . . 0.6258 0.6202 0.6149 0.6122 0.6098 0.6047 0.6012 0.5977 0.5961 0.5945
0.74 . . . . . . 0.6258 0.6199 0.6145 0.6116 0.6092 0.6038 0.6002 0.5966 0.5949 0.5932
0.75 . . . . . . 0.6256 0.6196 0.6139 0.6110 0.6084 0.6028 0.5991 0.5953 0.5935 0.5917

GENERAL NOTE: This table is given for convenience. The values given are not intended for precise interpolation and extrapolation is not permitted.
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Table 2A-8 Orifice Plate With Flange Taps: Discharge Coefficient, C, for D � 250 mm (10 in.)

Diameter

Ratio,

� 5 (103) 1 (104) 2 (104) 3 (104) 5 (104) 7 (104) 1 (105) 3 (105) 1 (106) 1 (107) 1 (108) �

0.10 0.6005 0.5989 0.5979 0.5975 0.5971 0.5969 0.5968 0.5965 0.5964 0.5963 0.5963 0.5963
0.12 0.6012 0.5994 0.5982 0.5977 0.5973 0.5971 0.5970 0.5966 0.5965 0.5964 0.5963 0.5963
0.14 0.6019 0.5998 0.5985 0.5980 0.5976 0.5973 0.5971 0.5968 0.5966 0.5965 0.5965 0.5964
0.16 0.6026 0.6003 0.5989 0.5983 0.5978 0.5976 0.5974 0.5969 0.5967 0.5966 0.5966 0.5966
0.18 0.6034 0.6009 0.5993 0.5987 0.5981 0.5978 0.5976 0.5971 0.5969 0.5968 0.5967 0.5967

0.20 0.6042 0.6014 0.5997 0.5990 0.5984 0.5981 0.5979 0.5974 0.5971 0.5969 0.5969 0.5969
0.22 0.6050 0.6020 0.6002 0.5994 0.5988 0.5984 0.5981 0.5976 0.5973 0.5971 0.5971 0.5971
0.24 0.6059 0.6027 0.6007 0.5999 0.5991 0.5988 0.5985 0.5979 0.5976 0.5974 0.5973 0.5973
0.26 0.6068 0.6034 0.6012 0.6004 0.5996 0.5992 0.5988 0.5982 0.5978 0.5976 0.5975 0.5975
0.28 0.6079 0.6041 0.6018 0.6009 0.6000 0.5996 0.5992 0.5985 0.5981 0.5979 0.5978 0.5977

0.30 0.6090 0.6049 0.6025 0.6015 0.6005 0.6001 0.5997 0.5989 0.5985 0.5982 0.5981 0.5980
0.32 0.6102 0.6058 0.6032 0.6021 0.6011 0.6006 0.6002 0.5993 0.5988 0.5985 0.5984 0.5983
0.34 0.6115 0.6068 0.6039 0.6028 0.6017 0.6011 0.6007 0.5998 0.5992 0.5988 0.5987 0.5986
0.36 . . . 0.6079 0.6047 0.6035 0.6023 0.6017 0.6012 0.6002 0.5997 0.5992 0.5990 0.5989
0.38 . . . 0.6090 0.6056 0.6043 0.6030 0.6024 0.6018 0.6007 0.6001 0.5996 0.5994 0.5992

0.40 . . . 0.6102 0.6066 0.6051 0.6038 0.6031 0.6025 0.6013 0.6006 0.6000 0.5997 0.5995
0.42 . . . 0.6116 0.6076 0.6061 0.6046 0.6038 0.6032 0.6019 0.6011 0.6004 0.6001 0.5999
0.44 . . . 0.6130 0.6087 0.6070 0.6054 0.6046 0.6039 0.6025 0.6016 0.6008 0.6005 0.6002
0.46 . . . 0.6145 0.6099 0.6081 0.6063 0.6054 0.6047 0.6031 0.6021 0.6012 0.6009 0.6006
0.48 . . . 0.6162 0.6112 0.6091 0.6072 0.6063 0.6055 0.6037 0.6026 0.6017 0.6013 0.6009

0.50 . . . . . . 0.6125 0.6103 0.6082 0.6072 0.6063 0.6044 0.6032 0.6021 0.6016 0.6012
0.51 . . . . . . 0.6131 0.6108 0.6087 0.6076 0.6067 0.6047 0.6034 0.6023 0.6018 0.6013
0.52 . . . . . . 0.6138 0.6114 0.6092 0.6081 0.6071 0.6050 0.6037 0.6024 0.6019 0.6014
0.53 . . . . . . 0.6145 0.6120 0.6097 0.6085 0.6075 0.6053 0.6039 0.6026 0.6021 0.6015
0.54 . . . . . . 0.6152 0.6126 0.6102 0.6089 0.6079 0.6056 0.6041 0.6028 0.6022 0.6016

0.55 . . . . . . 0.6159 0.6132 0.6107 0.6094 0.6083 0.6059 0.6044 0.6029 0.6023 0.6017
0.56 . . . . . . 0.6166 0.6138 0.6112 0.6098 0.6086 0.6061 0.6045 0.6030 0.6023 0.6017
0.57 . . . . . . 0.6173 0.6144 0.6116 0.6102 0.6090 0.6064 0.6047 0.6031 0.6024 0.6017
0.58 . . . . . . 0.6180 0.6150 0.6121 0.6106 0.6093 0.6066 0.6049 0.6032 0.6024 0.6017
0.59 . . . . . . 0.6187 0.6155 0.6125 0.6110 0.6097 0.6068 0.6050 0.6032 0.6024 0.6016

0.60 . . . . . . 0.6194 0.6161 0.6130 0.6114 0.6100 0.6070 0.6051 0.6032 0.6023 0.6015
0.61 . . . . . . 0.6201 0.6166 0.6134 0.6117 0.6103 0.6071 0.6051 0.6031 0.6023 0.6014
0.62 . . . . . . 0.6207 0.6171 0.6138 0.6120 0.6105 0.6072 0.6051 0.6031 0.6021 0.6012
0.63 . . . . . . 0.6214 0.6176 0.6141 0.6123 0.6107 0.6073 0.6051 0.6029 0.6019 0.6010
0.64 . . . . . . 0.6220 0.6181 0.6144 0.6125 0.6109 0.6073 0.6050 0.6027 0.6017 0.6006

0.65 . . . . . . 0.6226 0.6185 0.6147 0.6127 0.6110 0.6073 0.6048 0.6024 0.6013 0.6003
0.66 . . . . . . 0.6231 0.6189 0.6149 0.6128 0.6110 0.6072 0.6046 0.6021 0.6009 0.5998
0.67 . . . . . . 0.6236 0.6192 0.6150 0.6129 0.6110 0.6070 0.6043 0.6017 0.6004 0.5993
0.68 . . . . . . 0.6240 0.6194 0.6151 0.6129 0.6109 0.6067 0.6039 0.6012 0.5999 0.5986
0.69 . . . . . . . . . 0.6196 0.6151 0.6128 0.6107 0.6064 0.6035 0.6005 0.5992 0.5979

0.70 . . . . . . . . . 0.6197 0.6150 0.6126 0.6105 0.6059 0.6029 0.5998 0.5984 0.5970
0.71 . . . . . . . . . 0.6197 0.6148 0.6123 0.6101 0.6054 0.6022 0.5990 0.5975 0.5961
0.72 . . . . . . . . . 0.6196 0.6145 0.6119 0.6096 0.6047 0.6014 0.5980 0.5965 0.5950
0.73 . . . . . . . . . 0.6194 0.6141 0.6114 0.6090 0.6039 0.6004 0.5969 0.5953 0.5937
0.74 . . . . . . . . . 0.6191 0.6136 0.6108 0.6083 0.6029 0.5994 0.5957 0.5940 0.5923
0.75 . . . . . . . . . 0.6187 0.6130 0.6100 0.6074 0.6018 0.5981 0.5943 0.5925 0.5908

GENERAL NOTE: This table is given for convenience. The values given are not intended for precise interpolation and extrapolation is not permitted.

Discharge Coefficient, C, for RD Equal to

C
opyrighted m

aterial licensed to S
tanford U

niversity by T
hom

son S
cientific (w

w
w

.techstreet.com
), dow

nloaded on O
ct-05-2010 by S

tanford U
niversity U

ser. N
o further reproduction or distribution is perm

itted. U
ncontrolled w

hen printed.



NONMANDATORY APPENDIX 2A ASME MFC-3M–2004

45

Table 2A-9 Orifice Plate With Flange Taps: Discharge Coefficient, C, for D � 375 mm (15 in.)

Diameter

Ratio,

� 5 (103) 1 (104) 2 (104) 3 (104) 5 (104) 7 (104) 1 (105) 3 (105) 1 (106) 1 (107) 1 (108) �

0.10 0.6006 0.5989 0.5979 0.5975 0.5971 0.5970 0.5968 0.5965 0.5964 0.5963 0.5963 0.5963
0.12 0.6013 0.5994 0.5982 0.5978 0.5974 0.5972 0.5970 0.5967 0.5965 0.5964 0.5964 0.5964
0.14 0.6020 0.5999 0.5986 0.5981 0.5976 0.5974 0.5972 0.5968 0.5966 0.5965 0.5965 0.5965
0.16 0.6027 0.6004 0.5990 0.5984 0.5979 0.5976 0.5974 0.5970 0.5968 0.5967 0.5966 0.5966
0.18 0.6035 0.6009 0.5994 0.5987 0.5982 0.5979 0.5977 0.5972 0.5970 0.5968 0.5968 0.5968

0.20 0.6042 0.6015 0.5998 0.5991 0.5985 0.5982 0.5979 0.5974 0.5972 0.5970 0.5970 0.5969
0.22 0.6051 0.6021 0.6003 0.5995 0.5988 0.5985 0.5982 0.5977 0.5974 0.5972 0.5972 0.5971
0.24 0.6060 0.6028 0.6008 0.6000 0.5992 0.5989 0.5986 0.5980 0.5977 0.5974 0.5974 0.5973
0.26 0.6069 0.6035 0.6013 0.6005 0.5997 0.5993 0.5989 0.5983 0.5979 0.5977 0.5976 0.5976
0.28 0.6080 0.6042 0.6019 0.6010 0.6001 0.5997 0.5993 0.5986 0.5983 0.5980 0.5979 0.5978

0.30 . . . 0.6051 0.6026 0.6016 0.6006 0.6002 0.5998 0.5990 0.5986 0.5983 0.5982 0.5981
0.32 . . . 0.6060 0.6033 0.6022 0.6012 0.6007 0.6003 0.5994 0.5990 0.5986 0.5985 0.5984
0.34 . . . 0.6069 0.6040 0.6029 0.6018 0.6013 0.6008 0.5999 0.5994 0.5989 0.5988 0.5987
0.36 . . . 0.6080 0.6049 0.6036 0.6024 0.6019 0.6014 0.6004 0.5998 0.5993 0.5991 0.5990
0.38 . . . 0.6091 0.6058 0.6044 0.6031 0.6025 0.6020 0.6009 0.6002 0.5997 0.5995 0.5993

0.40 . . . . . . 0.6067 0.6053 0.6039 0.6032 0.6026 0.6014 0.6007 0.6001 0.5999 0.5997
0.42 . . . . . . 0.6078 0.6062 0.6047 0.6039 0.6033 0.6020 0.6012 0.6005 0.6002 0.6000
0.44 . . . . . . 0.6089 0.6071 0.6055 0.6047 0.6040 0.6026 0.6017 0.6009 0.6006 0.6003
0.46 . . . . . . 0.6100 0.6082 0.6064 0.6055 0.6048 0.6032 0.6022 0.6013 0.6010 0.6007
0.48 . . . . . . 0.6113 0.6092 0.6073 0.6064 0.6055 0.6038 0.6027 0.6018 0.6013 0.6010

0.50 . . . . . . 0.6125 0.6103 0.6083 0.6072 0.6063 0.6044 0.6032 0.6021 0.6017 0.6012
0.51 . . . . . . 0.6132 0.6109 0.6088 0.6077 0.6067 0.6047 0.6035 0.6023 0.6018 0.6014
0.52 . . . . . . 0.6139 0.6115 0.6092 0.6081 0.6071 0.6050 0.6037 0.6025 0.6019 0.6015
0.53 . . . . . . 0.6145 0.6121 0.6097 0.6085 0.6075 0.6053 0.6039 0.6026 0.6021 0.6015
0.54 . . . . . . 0.6152 0.6126 0.6102 0.6090 0.6079 0.6056 0.6041 0.6028 0.6022 0.6016

0.55 . . . . . . 0.6159 0.6132 0.6107 0.6094 0.6082 0.6058 0.6043 0.6029 0.6022 0.6017
0.56 . . . . . . 0.6166 0.6138 0.6111 0.6098 0.6086 0.6061 0.6045 0.6030 0.6023 0.6017
0.57 . . . . . . . . . 0.6144 0.6116 0.6102 0.6089 0.6063 0.6047 0.6030 0.6023 0.6017
0.58 . . . . . . . . . 0.6149 0.6120 0.6106 0.6093 0.6065 0.6048 0.6031 0.6023 0.6016
0.59 . . . . . . . . . 0.6155 0.6124 0.6109 0.6096 0.6067 0.6049 0.6031 0.6023 0.6015

0.60 . . . . . . . . . 0.6160 0.6128 0.6112 0.6098 0.6069 0.6049 0.6030 0.6022 0.6014
0.61 . . . . . . . . . 0.6165 0.6132 0.6116 0.6101 0.6070 0.6050 0.6030 0.6021 0.6012
0.62 . . . . . . . . . 0.6170 0.6136 0.6118 0.6103 0.6070 0.6049 0.6028 0.6019 0.6010
0.63 . . . . . . . . . 0.6174 0.6139 0.6121 0.6105 0.6071 0.6048 0.6026 0.6017 0.6007
0.64 . . . . . . . . . 0.6178 0.6141 0.6122 0.6106 0.6070 0.6047 0.6024 0.6014 0.6003

0.65 . . . . . . . . . 0.6182 0.6143 0.6124 0.6106 0.6069 0.6045 0.6021 0.6010 0.5999
0.66 . . . . . . . . . 0.6185 0.6145 0.6124 0.6106 0.6068 0.6042 0.6017 0.6005 0.5994
0.67 . . . . . . . . . 0.6188 0.6146 0.6124 0.6106 0.6065 0.6039 0.6012 0.6000 0.5988
0.68 . . . . . . . . . 0.6190 0.6146 0.6124 0.6104 0.6062 0.6034 0.6006 0.5993 0.5981
0.69 . . . . . . . . . . . . 0.6145 0.6122 0.6102 0.6058 0.6029 0.6000 0.5986 0.5973

0.70 . . . . . . . . . . . . 0.6144 0.6120 0.6098 0.6053 0.6022 0.5992 0.5977 0.5964
0.71 . . . . . . . . . . . . 0.6141 0.6116 0.6094 0.6046 0.6015 0.5982 0.5968 0.5953
0.72 . . . . . . . . . . . . 0.6138 0.6111 0.6088 0.6039 0.6006 0.5972 0.5956 0.5941
0.73 . . . . . . . . . . . . 0.6133 0.6105 0.6081 0.6029 0.5995 0.5960 0.5944 0.5928
0.74 . . . . . . . . . . . . 0.6126 0.6098 0.6073 0.6019 0.5983 0.5946 0.5929 0.5913
0.75 . . . . . . . . . . . . 0.6119 0.6089 0.6063 0.6007 0.5969 0.5931 0.5913 0.5896

GENERAL NOTE: This table is given for convenience. The values given are not intended for precise interpolation and extrapolation is not permitted.
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Table 2A-10 Orifice Plate With Flange Taps: Discharge Coefficient, C, for D � 760 mm (30 in.)

Diameter

Ratio,

� 5 (103) 1 (104) 2 (104) 3 (104) 5 (104) 7 (104) 1 (105) 3 (105) 1 (106) 1 (107) 1 (108) �

0.10 0.6006 0.5990 0.5979 0.5975 0.5972 0.5970 0.5969 0.5966 0.5964 0.5963 0.5963 0.5963
0.12 0.6013 0.5994 0.5983 0.5978 0.5974 0.5972 0.5970 0.5967 0.5965 0.5964 0.5964 0.5964
0.14 0.6020 0.5999 0.5986 0.5981 0.5977 0.5974 0.5972 0.5969 0.5967 0.5966 0.5966 0.5965
0.16 0.6028 0.6005 0.5990 0.5985 0.5979 0.5977 0.5975 0.5971 0.5969 0.5967 0.5967 0.5967
0.18 0.6035 0.6010 0.5994 0.5988 0.5982 0.5980 0.5977 0.5973 0.5970 0.5969 0.5969 0.5968

0.20 . . . 0.6016 0.5999 0.5992 0.5986 0.5983 0.5980 0.5975 0.5973 0.5971 0.5971 0.5970
0.22 . . . 0.6022 0.6004 0.5996 0.5989 0.5986 0.5983 0.5978 0.5975 0.5973 0.5973 0.5972
0.24 . . . 0.6029 0.6009 0.6001 0.5993 0.5990 0.5987 0.5981 0.5978 0.5976 0.5975 0.5975
0.26 . . . 0.6036 0.6014 0.6006 0.5998 0.5994 0.5991 0.5984 0.5981 0.5978 0.5977 0.5977
0.28 . . . . . . 0.6020 0.6011 0.6003 0.5998 0.5995 0.5988 0.5984 0.5981 0.5980 0.5980

0.30 . . . . . . 0.6027 0.6017 0.6008 0.6003 0.5999 0.5992 0.5987 0.5984 0.5983 0.5982
0.32 . . . . . . 0.6034 0.6023 0.6013 0.6008 0.6004 0.5996 0.5991 0.5987 0.5986 0.5985
0.34 . . . . . . 0.6042 0.6030 0.6020 0.6014 0.6010 0.6000 0.5995 0.5991 0.5990 0.5988
0.36 . . . . . . 0.6050 0.6038 0.6026 0.6020 0.6015 0.6005 0.5999 0.5995 0.5993 0.5992
0.38 . . . . . . 0.6059 0.6046 0.6033 0.6027 0.6021 0.6010 0.6004 0.5999 0.5997 0.5995

0.40 . . . . . . . . . 0.6054 0.6041 0.6034 0.6028 0.6016 0.6009 0.6003 0.6000 0.5998
0.42 . . . . . . . . . 0.6064 0.6049 0.6041 0.6035 0.6022 0.6014 0.6007 0.6004 0.6002
0.44 . . . . . . . . . 0.6073 0.6057 0.6049 0.6042 0.6027 0.6019 0.6011 0.6008 0.6005
0.46 . . . . . . . . . 0.6084 0.6066 0.6057 0.6049 0.6034 0.6024 0.6015 0.6012 0.6008
0.48 . . . . . . . . . 0.6094 0.6075 0.6065 0.6057 0.6040 0.6029 0.6019 0.6015 0.6011

0.50 . . . . . . . . . . . . 0.6084 0.6074 0.6065 0.6046 0.6034 0.6023 0.6018 0.6014
0.51 . . . . . . . . . . . . 0.6089 0.6078 0.6069 0.6049 0.6036 0.6025 0.6020 0.6015
0.52 . . . . . . . . . . . . 0.6094 0.6082 0.6073 0.6052 0.6039 0.6026 0.6021 0.6016
0.53 . . . . . . . . . . . . 0.6099 0.6087 0.6076 0.6054 0.6041 0.6028 0.6022 0.6017
0.54 . . . . . . . . . . . . 0.6103 0.6091 0.6080 0.6057 0.6043 0.6029 0.6023 0.6017

0.55 . . . . . . . . . . . . 0.6108 0.6095 0.6084 0.6060 0.6044 0.6030 0.6024 0.6018
0.56 . . . . . . . . . . . . 0.6112 0.6099 0.6087 0.6062 0.6046 0.6031 0.6024 0.6018
0.57 . . . . . . . . . . . . 0.6117 0.6103 0.6090 0.6064 0.6047 0.6031 0.6024 0.6017
0.58 . . . . . . . . . . . . 0.6121 0.6106 0.6093 0.6066 0.6048 0.6031 0.6024 0.6017
0.59 . . . . . . . . . . . . 0.6125 0.6110 0.6096 0.6068 0.6049 0.6031 0.6023 0.6016

0.60 . . . . . . . . . . . . 0.6129 0.6113 0.6099 0.6069 0.6050 0.6031 0.6022 0.6014
0.61 . . . . . . . . . . . . 0.6132 0.6116 0.6101 0.6070 0.6050 0.6030 0.6021 0.6012
0.62 . . . . . . . . . . . . 0.6136 0.6118 0.6103 0.6070 0.6049 0.6028 0.6019 0.6010
0.63 . . . . . . . . . . . . . . . 0.6120 0.6104 0.6070 0.6048 0.6026 0.6016 0.6006
0.64 . . . . . . . . . . . . . . . 0.6122 0.6105 0.6069 0.6046 0.6023 0.6013 0.6003

0.65 . . . . . . . . . . . . . . . 0.6123 0.6105 0.6068 0.6044 0.6020 0.6009 0.5998
0.66 . . . . . . . . . . . . . . . 0.6123 0.6105 0.6066 0.6041 0.6015 0.6004 0.5992
0.67 . . . . . . . . . . . . . . . 0.6123 0.6104 0.6063 0.6037 0.6010 0.5998 0.5986
0.68 . . . . . . . . . . . . . . . 0.6122 0.6102 0.6060 0.6032 0.6004 0.5991 0.5979
0.69 . . . . . . . . . . . . . . . 0.6119 0.6099 0.6055 0.6026 0.5996 0.5983 0.5970

0.70 . . . . . . . . . . . . . . . 0.6116 0.6095 0.6049 0.6019 0.5988 0.5974 0.5960
0.71 . . . . . . . . . . . . . . . 0.6112 0.6090 0.6042 0.6010 0.5978 0.5963 0.5949
0.72 . . . . . . . . . . . . . . . 0.6107 0.6084 0.6034 0.6001 0.5967 0.5951 0.5936
0.73 . . . . . . . . . . . . . . . 0.6100 0.6076 0.6024 0.5989 0.5954 0.5938 0.5922
0.74 . . . . . . . . . . . . . . . . . . 0.6067 0.6012 0.5976 0.5940 0.5923 0.5906
0.75 . . . . . . . . . . . . . . . . . . 0.6056 0.5999 0.5962 0.5923 0.5906 0.5888

GENERAL NOTE: This table is given for convenience. The values given are not intended for precise interpolation and extrapolation is not permitted.

Discharge Coefficient, C, for RD Equal to

C
opyrighted m

aterial licensed to S
tanford U

niversity by T
hom

son S
cientific (w

w
w

.techstreet.com
), dow

nloaded on O
ct-05-2010 by S

tanford U
niversity U

ser. N
o further reproduction or distribution is perm

itted. U
ncontrolled w

hen printed.



NONMANDATORY APPENDIX 2A ASME MFC-3M–2004

47

Table 2A-11 Orifice Plate With Flange Taps: Discharge Coefficient, C, for D � 1 000 mm (40 in.)

Diameter

Ratio,

� 5 (103) 1 (104) 2 (104) 3 (104) 5 (104) 7 (104) 1 (105) 3 (105) 1 (106) 1 (107) 1 (108) �

0.10 0.6006 0.5990 0.5980 0.5976 0.5972 0.5970 0.5969 0.5966 0.5964 0.5963 0.5963 0.5963
0.12 0.6013 0.5994 0.5983 0.5978 0.5974 0.5972 0.5970 0.5967 0.5966 0.5965 0.5964 0.5964
0.14 0.6020 0.5999 0.5987 0.5981 0.5977 0.5974 0.5973 0.5969 0.5967 0.5966 0.5966 0.5966
0.16 0.6028 0.6005 0.5990 0.5985 0.5980 0.5977 0.5975 0.5971 0.5969 0.5967 0.5967 0.5967
0.18 . . . 0.6010 0.5995 0.5988 0.5983 0.5980 0.5977 0.5973 0.5971 0.5969 0.5969 0.5969

0.20 . . . 0.6016 0.5999 0.5992 0.5986 0.5983 0.5980 0.5975 0.5973 0.5971 0.5971 0.5971
0.22 . . . 0.6022 0.6004 0.5996 0.5990 0.5986 0.5984 0.5978 0.5975 0.5973 0.5973 0.5973
0.24 . . . 0.6029 0.6009 0.6001 0.5994 0.5990 0.5987 0.5981 0.5978 0.5976 0.5975 0.5975
0.26 . . . . . . 0.6015 0.6006 0.5998 0.5994 0.5991 0.5984 0.5981 0.5979 0.5978 0.5977
0.28 . . . . . . 0.6021 0.6012 0.6003 0.5999 0.5995 0.5988 0.5984 0.5981 0.5981 0.5980

0.30 . . . . . . 0.6027 0.6017 0.6008 0.6004 0.6000 0.5992 0.5988 0.5985 0.5983 0.5983
0.32 . . . . . . 0.6035 0.6024 0.6014 0.6009 0.6005 0.5996 0.5992 0.5988 0.5987 0.5986
0.34 . . . . . . 0.6043 0.6031 0.6020 0.6015 0.6010 0.6001 0.5996 0.5991 0.5990 0.5989
0.36 . . . . . . . . . 0.6038 0.6027 0.6021 0.6016 0.6006 0.6000 0.5995 0.5994 0.5992
0.38 . . . . . . . . . 0.6046 0.6034 0.6027 0.6022 0.6011 0.6005 0.5999 0.5997 0.5995

0.40 . . . . . . . . . 0.6055 0.6041 0.6034 0.6028 0.6016 0.6009 0.6003 0.6001 0.5999
0.42 . . . . . . . . . 0.6064 0.6049 0.6042 0.6035 0.6022 0.6014 0.6007 0.6005 0.6002
0.44 . . . . . . . . . . . . 0.6058 0.6050 0.6043 0.6028 0.6019 0.6012 0.6009 0.6006
0.46 . . . . . . . . . . . . 0.6067 0.6058 0.6050 0.6034 0.6024 0.6016 0.6012 0.6009
0.48 . . . . . . . . . . . . 0.6076 0.6066 0.6058 0.6040 0.6030 0.6020 0.6016 0.6012

0.50 . . . . . . . . . . . . 0.6085 0.6075 0.6065 0.6046 0.6035 0.6024 0.6019 0.6015
0.51 . . . . . . . . . . . . 0.6090 0.6079 0.6069 0.6049 0.6037 0.6025 0.6020 0.6016
0.52 . . . . . . . . . . . . 0.6095 0.6083 0.6073 0.6052 0.6039 0.6027 0.6022 0.6017
0.53 . . . . . . . . . . . . 0.6099 0.6087 0.6077 0.6055 0.6041 0.6028 0.6023 0.6017
0.54 . . . . . . . . . . . . 0.6104 0.6091 0.6081 0.6058 0.6043 0.6030 0.6024 0.6018

0.55 . . . . . . . . . . . . . . . 0.6096 0.6084 0.6060 0.6045 0.6031 0.6024 0.6018
0.56 . . . . . . . . . . . . . . . 0.6099 0.6088 0.6063 0.6047 0.6031 0.6025 0.6018
0.57 . . . . . . . . . . . . . . . 0.6103 0.6091 0.6065 0.6048 0.6032 0.6025 0.6018
0.58 . . . . . . . . . . . . . . . 0.6107 0.6094 0.6067 0.6049 0.6032 0.6024 0.6017
0.59 . . . . . . . . . . . . . . . 0.6110 0.6097 0.6068 0.6050 0.6032 0.6024 0.6016

0.60 . . . . . . . . . . . . . . . 0.6113 0.6099 0.6069 0.6050 0.6031 0.6023 0.6015
0.61 . . . . . . . . . . . . . . . 0.6116 0.6102 0.6070 0.6050 0.6030 0.6021 0.6013
0.62 . . . . . . . . . . . . . . . 0.6119 0.6103 0.6071 0.6049 0.6029 0.6019 0.6010
0.63 . . . . . . . . . . . . . . . 0.6121 0.6105 0.6070 0.6048 0.6026 0.6016 0.6007
0.64 . . . . . . . . . . . . . . . 0.6122 0.6106 0.6070 0.6047 0.6023 0.6013 0.6003

0.65 . . . . . . . . . . . . . . . . . . 0.6106 0.6068 0.6044 0.6020 0.6009 0.5998
0.66 . . . . . . . . . . . . . . . . . . 0.6105 0.6066 0.6041 0.6016 0.6004 0.5993
0.67 . . . . . . . . . . . . . . . . . . 0.6104 0.6063 0.6037 0.6010 0.5998 0.5986
0.68 . . . . . . . . . . . . . . . . . . 0.6102 0.6060 0.6032 0.6004 0.5991 0.5979
0.69 . . . . . . . . . . . . . . . . . . 0.6099 0.6055 0.6026 0.5997 0.5983 0.5970

0.70 . . . . . . . . . . . . . . . . . . 0.6095 0.6049 0.6019 0.5988 0.5974 0.5960
0.71 . . . . . . . . . . . . . . . . . . 0.6090 0.6042 0.6010 0.5978 0.5963 0.5949
0.72 . . . . . . . . . . . . . . . . . . 0.6084 0.6033 0.6000 0.5967 0.5951 0.5936
0.73 . . . . . . . . . . . . . . . . . . 0.6076 0.6024 0.5989 0.5954 0.5938 0.5922
0.74 . . . . . . . . . . . . . . . . . . 0.6066 0.6012 0.5976 0.5939 0.5922 0.5906
0.75 . . . . . . . . . . . . . . . . . . 0.6055 0.5999 0.5961 0.5923 0.5905 0.5887

GENERAL NOTE: This table is given for convenience. The values given are not intended for precise interpolation and extrapolation is not permitted.
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Table 2A-12 Orifice Plates: Expansibility Factor, � (Y)

Diameter Ratio Expansibility Factor, � (Y), for p2/p1 Equal to

� �4 1.00 0.98 0.96 0.94 0.92 0.90 0.85 0.80 0.75

for � � 1.2

0.0000 0.0000 1.0000 0.9941 0.9883 0.9824 0.9764 0.9705 0.9555 0.9404 0.9252
0.5623 0.1000 1.0000 0.9936 0.9871 0.9806 0.9741 0.9676 0.9511 0.9345 0.9177
0.6687 0.2000 1.0000 0.9927 0.9853 0.9779 0.9705 0.9631 0.9443 0.9254 0.9063
0.7401 0.3000 1.0000 0.9915 0.9829 0.9743 0.9657 0.9570 0.9352 0.9132 0.8910
0.7500 0.3164 1.0000 0.9912 0.9824 0.9736 0.9648 0.9559 0.9335 0.9109 0.8881

for � � 1.3

0.0000 0.0000 1.0000 0.9946 0.9891 0.9837 0.9782 0.9727 0.9588 0.9446 0.9303
0.5623 0.1000 1.0000 0.9940 0.9881 0.9821 0.9760 0.9700 0.9547 0.9391 0.9234
0.6687 0.2000 1.0000 0.9932 0.9864 0.9796 0.9727 0.9658 0.9484 0.9307 0.9128
0.7401 0.3000 1.0000 0.9921 0.9842 0.9762 0.9682 0.9602 0.9399 0.9193 0.8985
0.7500 0.3164 1.0000 0.9919 0.9838 0.9756 0.9674 0.9591 0.9383 0.9172 0.8958

for � � 1.4

0.0000 0.0000 1.0000 0.9950 0.9899 0.9848 0.9797 0.9746 0.9615 0.9483 0.9348
0.5623 0.1000 1.0000 0.9945 0.9889 0.9833 0.9777 0.9720 0.9577 0.9431 0.9283
0.6687 0.2000 1.0000 0.9937 0.9874 0.9810 0.9746 0.9681 0.9518 0.9353 0.9184
0.7401 0.3000 1.0000 0.9927 0.9853 0.9779 0.9704 0.9629 0.9439 0.9246 0.9050
0.7500 0.3164 1.0000 0.9925 0.9849 0.9773 0.9696 0.9619 0.9424 0.9226 0.9025

for � � 1.66

0.0000 0.0000 1.0000 0.9958 0.9915 0.9872 0.9828 0.9784 0.9673 0.9559 0.9442
0.5623 0.1000 1.0000 0.9953 0.9906 0.9859 0.9811 0.9763 0.9640 0.9515 0.9386
0.6687 0.2000 1.0000 0.9947 0.9893 0.9839 0.9785 0.9730 0.9590 0.9447 0.9301
0.7401 0.3000 1.0000 0.9938 0.9876 0.9813 0.9749 0.9685 0.9523 0.9357 0.9186
0.7500 0.3164 1.0000 0.9936 0.9872 0.9808 0.9743 0.9677 0.9510 0.9340 0.9164

C
opyrighted m

aterial licensed to S
tanford U

niversity by T
hom

son S
cientific (w

w
w

.techstreet.com
), dow

nloaded on O
ct-05-2010 by S

tanford U
niversity U

ser. N
o further reproduction or distribution is perm

itted. U
ncontrolled w

hen printed.



Part 3
Nozzles and Venturi Nozzles

Surface Texture: Profile Method—Rules and Proce-
dures for the Assessment of Surface Texture

ISO/TR 5168:1998, Measurement of Fluid Flow—Eval-
uation of Uncertainties

ISO/TR 9464:1998, Guidelines for the Use of ISO 5167-
1:1991

Publisher: International Organization for Standardiza-
tion (ISO), 1 rue de Varembe, Case Postale 56, CH-
1211, Geneve 20, Switzerland/Suisse

3-3 PRINCIPLES OF THE METHOD OF 
MEASUREMENT AND COMPUTATION

The principle of the method of measurement is based
on the installation of a nozzle or venturi nozzle into a
pipeline in which a fluid is running full. The installa-
tion of the primary device causes a static pressure dif-
ference between the upstream side and the throat. Given
the same conditions of use, whenever the device is geo-
metrically similar to one on which direct calibration has
been made, the rate of flow can be determined from the
measured value of this pressure difference and from a
knowledge of the fluid conditions.

The mass rate of flow can be determined by the fol-
lowing equation:

(SI Units)

qm � � d2 �2�p�1� (3-1)

(U.S. Customary Units)

qm � 0.09970190CYd2��
�p (hw) represents the differential pressure, as defined

in Part 1 of this Standard. The diameters d and D men-
tioned in Eq. (3-1) are the values of the diameters at the
working conditions. Measurements taken at any other
conditions must be corrected for any expansion or con-
traction of the primary device and the pipe due to the tem-
perature and pressure of the fluid during measurement.

The value of the volume rate of flow can be simply
calculated since

qv � (3-2)

where
� � fluid density at the temperature and pressure

for which the volume is stated

qm
�
�

hw�1
�
1 � �4

�
�
4

C
��
�1 � �4�
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3-1 SCOPE AND FIELD OF APPLICATION

Part 3 specifies the geometry and method of use (in-
stallation and operating conditions) of nozzles and ven-
turi nozzles when they are inserted in a conduit run-
ning full to determine the flow-rate of the fluid flowing
in the conduit.

It also provides background information for calculat-
ing the flow rate and should be applied in conjunction
with the requirements given in Part 1 of this Standard,
which contains general material applying to all the de-
vices covered by this Standard, orifice plates, nozzles,
and venturi tubes.

Part 3 applies only to nozzles and venturi nozzles in
which the flow can be considered as single phase and
remains subsonic throughout the measuring section and
is steady or varies only slowly with time. It does not ap-
ply to the measurement of pulsating flow. In addition,
each of these devices can only be used within specified
limits of pipe size and Reynolds number. Thus Part 3
cannot be used for nominal pipe sizes less than 50 mm
(2 in.), or more than 1 200 mm (48 in.), or for pipe
Reynolds numbers below 10 000.

Part 3 addresses the ISA 1932 nozzle and the long ra-
dius nozzle, as well as with the venturi nozzle. The ISA
1932 and the long radius nozzles are fundamentally dif-
ferent and are described separately in this document.
The venturi nozzle has the same upstream face as the
ISA 1932 nozzle, but has a divergent section and, there-
fore, a different location for the downstream pressure
taps. This design has a lower pressure loss than a noz-
zle with a similar geometry. For both of these nozzle
types and for the venturi nozzle, direct calibration ex-
periments have been made of sufficient quality, num-
ber, and data coverage to allow provision of coefficients
within predictable limits of uncertainty and coherent
systems of application.

3-2 REFERENCES AND RELATED DOCUMENTS

Normative references and definitions used within this
document are contained in Part 1 of this Standard as are
the associated symbols, subscripts, and definitions. Ref-
erences for this Part are listed below.
ISO/TR 3313:1998, Measurement of Fluid Flow in

Closed Conduits—Guidelines on the Effects of Flow
Pulsations on Flow-Measurement Instruments

ISO 4288:1996, Geometrical Product Specification (GPS)—
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The uncertainty limits can be calculated using the pro-
cedure given in para. 1-7 of this Standard.

Computation for flow rate is performed by replacing
the different terms on the right-hand side of Eq. (3-1) by
their numeric values. It is necessary to know the den-
sity and the viscosity of the fluid at the working condi-
tions. In the case of a compressible fluid, it is also nec-
essary to know the isentropic exponent of the fluid at
the working conditions. Tables 3A-1 through 3A-3 give
the values of C as a function of �. Table 3A-4 gives ex-
pansibility factors, � (Y), for different working condi-
tions. These tables are not intended for precise interpo-
lation and extrapolation is not permitted. The coefficient

of discharge, C, may be dependent on RD, which is it-
self dependent on qm and is obtained by iteration (see
Part 1 of this Standard for guidance regarding the choice
of the iteration procedure and initial estimates).

3-4 NOZZLES AND VENTURI NOZZLES

This Standard addresses three nozzle designs:
(a) the ISA 1932 nozzle (given in para. 3-4.1)
(b) the long radius nozzle (given in para. 3-4.2)
(c) the Venturi nozzle (given in para. 3-4.3)
The ISA 1932 nozzle and the long radius nozzle are

fundamentally different; the Venturi nozzle has the
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NOTES:
(1) See para. 3-4.1.2(g).
(2) Portion to be machined off.

Fig. 3-1 ISA 1932 Nozzle
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same inlet design as the ISA 1932 nozzle, but has a di-
vergent section and, therefore, a different location for
the downstream pressure taps. This design has a lower
pressure loss than the ISA 1932 nozzle and the long ra-
dius nozzle. Limits of use for all three types are given
in paras. 3-4.1.6.1, 3-4.2.6.1 and 3-4.3.4.1.

3-4.1 ISA 1932 Nozzle

3-4.1.1 General Shape. The part of the nozzle inside
the pipe is circular. The nozzle consists of a convergent
section, rounded profile, and a cylindrical throat. Figure
3-1 shows the cross-section of an ISA 1932 nozzle at a
plane passing through the centerline of the throat. The let-
ters in the following text refer to those shown on Fig. 3-1.

3-4.1.2 Nozzle Profile

(a) The profile of the nozzle can be characterized by
a flat inlet part, A, perpendicular to the centerline; a con-
vergent section defined by two arcs of circumference, B
and C; a cylindrical throat, E; and a recess, F. The re-
cess, F is optional; in some instances, it may prevent
damage to the edge, G.

(b) The flat inlet part, A is limited by a circumference
centered on the axis of revolution, with a diameter of
1.5d, and by the inside circumference of the pipe, of di-
ameter D. When d � 0.6667D, the radial width of this
flat part is zero.

When d is greater than 0.6667D, the upstream face of
the nozzle does not include a flat inlet part within the
pipe. In this case, the nozzle is manufactured as if D is
greater than 1.5d and the inlet flat part is then faced off so
that the largest diameter of the convergent profile is just
equal to D [see para. 3-4.1.2(g) and Fig. 4-1, sketch (b)].

(c) The arc of circumference, B is tangential to the flat
inlet part, A when d � 0.6667D, while its radius,

(1) R1 � 0.2d 
 0.02d for � � 0.5
(2) R1 � 0.2d 
 0.006d for � � 0.5

Its center is located 0.2d from the inlet plane and 0.75d
from the axial centerline.

(d) The arc of circumference, C is tangential to the arc
of circumference, B and to the throat, E. Its radius,

(1) R2 � d/3 
 0.033d for � � 0.5
(2) R2 � d/3 
 0.01d for � � 0.5

Its center is located 5d/6 (i.e., d/2 � d/3) from the ax-
ial centerline and at

an � d � 0.3041d (3-3)

from the flat inlet part, A.
(e) The throat, E has a diameter, d, and a length bn � 0.3d.
The value of the diameter of the throat shall be taken

as the mean of the measurements of at least four diam-
eters distributed in axial planes and at approximately
equal angles to each other. The throat shall be cylindri-
cal. No diameter of any cross-section shall differ by more
than 0.05% from the value of the mean diameter.

( f ) The recess, F has a diameter cn equal to at least

12 � �39�
��

60

1.06d and a length no greater than 0.03d. The ratio of the
height (cn � d)/2 of the recess to its axial length shall
not be greater than 1.2.

The outlet edge, G shall be sharp.
(g) The total length of the nozzle, excluding the re-

cess, F, as a function of � is equal to 0.6041d for 0.3 �
� � 0.6667 and for 0.6667 � � � 0.8

�0.4041 � � � � 0.5225�0.5	d (3-4)

(h) The profile of the convergent inlet shall be
checked by means of a template. Two diameters of the
convergent inlet in the same plane perpendicular to the
axial centerline shall not differ from each other by more
than 0.1% of their mean value.

(i) The surface of the upstream face and the throat
shall be polished such that they have a roughness cri-
terion, Ra � 10�4 d.

3-4.1.3 Downstream Face

(a) The thickness, H shall not exceed 0.1D.
(b) Apart from the above condition, the profile and

the surface finish of the downstream face are not spec-
ified (see para. 3-4.1.1).

3-4.1.4 Material and Manufacture. The ISA 1932
nozzle can be manufactured from any material and in
any way, provided that it remains in accordance with
the foregoing description during flow measurement.

3-4.1.5 Pressure Taps

(a) Corner pressure taps shall be used upstream of
the nozzle. The upstream pressure taps can be either sin-
gle taps or annular slots. Both types of tap can be lo-
cated either in the pipe or its flanges or in carrier rings
as shown in Fig. 3-1.

The spacing between the centerlines of individual up-
stream taps and face, A is equal to half the diameter of
the taps themselves, so that the tap holes break through
the wall flush with face, A. The centerline of individual
upstream taps shall meet the centerline of the primary
device at an angle of 90 deg 
 3 deg.

The diameter, �1, of a single upstream tap and the
width, a, of annular slots are specified below. The min-
imum diameter is determined in practice by the need to
prevent blockage and to give satisfactory performance.

(1) clean fluids and gases
(a) for � � 0.65, 0.005D � a or �1 � 0.03D
(b) for �  0.65, 0.01D � a or �1 � 0.02D

(2) any value of �
(a) for clean fluids, 1 mm (0.04 in.) � a or �1 � 10

mm (0.40 in.)
(b) for gases, in the case of annular chambers, 1

mm (0.04 in.) � a � 10 mm (0.40 in.)
(c) for gases and for liquefied gases, in the case

of single taps, 4 mm (0.15 in.) � �1 � 10 mm (0.40 in.)
The annular slots shall break through the inside wall

of the pipe over the entire perimeter, with no break in
continuity. If this is not possible, each annular chamber

0.25
�

�2

0.75
�

�
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shall connect with the inside of the pipe by at least four
openings, the axes of which are at equal angles to one
another, and the individual opening area of which is
least 12 mm2 (0.019 in.2).

The internal diameter, b, of the carrier ring shall be
greater than or equal to the diameter, D, of the pipe, to
ensure that they do not protrude into the pipe, but shall
be less than or equal to 1.04D. Furthermore, the follow-
ing condition shall be met:

� � 100 � (3-5)

The length, c, of the upstream ring (see Fig. 3-1) shall
not be greater than 0.5D. The thickness, f, of the slot shall
be greater than or equal to twice the width, a, of the an-
nular slot. The area of the cross-section of the annular
chamber, gh, shall be greater than or equal to half the
total area of the opening connecting this chamber to the
inside of the pipe.

All surfaces of the ring that are in contact with the
measured fluid shall be clean and shall have a well-ma-
chined finish. The pressure taps connecting the annular
chambers to the secondary devices are pipe wall taps,
circular at the point of breakthrough and with a diam-
eter, j, between 4 mm and 10 mm (0.015 in. and 0.39 in.).

The upstream and downstream carrier rings need not
necessarily be symmetrical in relation to each other, but
they shall both conform to the preceding requirements. The
diameter of the pipe shall be measured as specified in para.
3-5.4(b), the carrier ring being regarded as part of the pri-
mary device. This also applies to the distance requirement
given in para. 3-5.4(d) so that s shall be measured from the
upstream edge of the recess formed by the carrier ring.

(b) The downstream pressure taps can either be corner
taps as described in para. 3-4.1.5(a), or as described in the
remainder of this section. The distance between the cen-
ter of the tap and the upstream face of the nozzle shall be

(1) � 0.15D for � � 0.67
(2) � 0.20D for �  0.67

When installing the pressure taps, the thickness of the
gaskets and/or sealing material must be taken into account.

The centerline of the tap shall meet the pipe centerline
and be at an angle of 90 deg 
 3 deg to it. The hole on the
inside wall of the pipe shall be circular. The edges shall
be flush with the internal surface of the pipe wall and as
sharp as possible. To ensure the elimination of all burrs
or wire edges at the inner edge, rounding is permitted,
but shall have a radius less than one-tenth of the pressure
tap diameter. No irregularity shall appear inside the con-
necting hole, on the edges of the hole drilled in the pipe
wall, or on the pipe wall close to the pressure tap. Con-
formity of the pressure taps with the requirements of this
paragraph can be judged by visual inspection.

The diameter of pressure taps shall be less than 0.13D
and less than 13 mm (0.5 in.). No restriction is placed
on the minimum diameter, which is determined by the
need to prevent blockage and to give satisfactory dy-

0.1
��
0.1 � 2.3�4

c
�
D

b � D
�

D

namic performance. The upstream and downstream
taps shall have the same diameter.

The pressure taps shall be circular and cylindrical
over a length of at least 2.5 times the internal diameter
of the tap, measured from the inner wall of the pipeline.
The centerlines of the pressure taps can be located in
any axial plane of the pipeline. The axis of the upstream
tap and that of the downstream tap can be located in
different axial planes.

3-4.1.6 Coefficients of ISA 1932 Nozzles

3-4.1.6.1 Limits of Use. The ISA 1932 Nozzle shall
be used in accordance with this Part when

(a) 50 mm (2 in.) � D � 500 mm (20 in.)
(b) 0.30 � � � 0.80
(c) 7 (104) � RD � 1 (107) for 0.30 � � � 0.44
(d) 2 (104) � RD � 1 (107) for 0.44 � � � 0.80
In addition, the relative roughness of the pipe shall

conform to the values given in Table 3-1.
Most of the experiments on which the values of the

discharge coefficient, C, given in this Part are based,
were carried out in pipes with a relative roughness
Ra/D � 1.2 (10�4). Pipes with higher relative roughness
can be used if the roughness for a distance of at least
10D upstream of the nozzle is within the limits given in
Table 3-1. Information as to how to determine Ra is given
in Part 1 of this Standard.

3-4.1.6.2 Discharge Coefficient, C. The discharge
coefficient, C, is given by the following equation:

C � 0.9900 � 0.2262�4.1 � (0.00175�2

� 0.0033�4.15)� �
1.15

(3-6)

Values of C as a function of � and RD are given for con-
venience in Table 3A-1. These values are not intended for
precise interpolation and extrapolation is not permitted.

106
�
RD
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Table 3-1 Upper Limits of Relative Roughness of
the Upstream Pipe for ISA 1932 Nozzles

� 104 Ra/D

�0.35 8.0
0.36 5.9
0.38 4.3
0.40 3.4
0.42 2.8
0.44 2.4
0.46 2.1
0.48 1.9
0.50 1.8
0.60 1.4
0.70 1.3
0.77 1.2
0.80 1.2

GENERAL NOTE: Most of the data on which this table is based were
collected at RD � 1 (106). At higher RD, more stringent limits on pipe
roughness are likely required.
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3-4.1.6.3 Expansibility Factor, � (Y). The expan-
sibility factor, � (Y), is calculated by means of Eq. (3-7):

� (Y) � � �� �� 	�0.5
(3-7)

where
� � pressure ratio (p2/p1)
� � isentropic exponent

This equation is applicable only for values of D, �,
and RD as specified in para. 3-4.1.6.1. Test results for de-
termination of � (Y) are known for air, steam, and nat-
ural gas. There is no known objection to using the same
equation for other gases for which the isentropic expo-
nent is known. The equation is applicable, however,
only if the flow is not choked and p2/p1 � 0.80.

Values of the expansibility factor � (Y) for a range of
isentropic exponents, pressure ratios, and diameter ra-
tios are given for convenience in Table 3A-4 in Appen-
dix 3A. This table is not intended for precise interpola-
tion and extrapolation is not permitted.

3-4.1.7 Uncertainties

3-4.1.7.1 Uncertainty of Discharge Coefficient, C.
When D, �, RD, and Ra/D are assumed to be known
without error, the relative uncertainty of the value of C
is equal to

(a) 
 0.80% for � � 0.60
(b) 
 (2� � 0.4)% for �  0.60

3-4.1.7.2 Uncertainty of Expansibility Factor, � (Y).
The relative uncertainty, %, of � (Y) is equal to

(SI Units)


 (4 � 100�8) (3-8)

(U.S. Customary Units)

�
 (4 � 100�8) 	
This uncertainty assumes that �, �p (hw), p1, and � (the

isentropic exponent of the line fluid) are known with-
out error.

3-4.1.8 Pressure Loss, ��. The pressure loss, �� (h),
for the ISA 1932 nozzle is approximately related to the
differential pressure �p (hw) by the Eq. (3-9)

(SI Units)

�� � �p (3-9)

(U.S. Customary Units)

h � (0.03606247hw)

This pressure loss is the difference in static pressure
between the pressure measured at the wall on the up-

�1 � �4�(1 � C�2)� � C�2
���
�1 � �4�(1 � C�2)� � C�2

�1 � �4�(1 � C�2)� � C�2
���
�1 � �4�(1 � C�2)� � C�2

0.03606247hw
��

p1

�p
�
p1

1 � �(��1)/�

��
1 � �

1 � �4
��
1 � �4�2/�

��2/�

�
� � 1

stream side of the primary device at a section where the
influence of the approach impact pressure adjacent to
the device is still negligible (approximately 1D upstream
of the primary device) and that measured on the down-
stream side of the primary device where the static pres-
sure recovery by expansion of the jet can be considered
as just completed (approximately 6D downstream from
the discharge of the primary device).

The pressure loss coefficient, K, for the ISA 1932 noz-
zle is

K � � � 1	2

(3-10)

where K is defined by the following equation:

(SI Units)

K � (3-11)

(U.S. Customary Units)

K �

3-4.2 Long Radius Nozzles

3-4.2.1 General. There are two types of long radius
nozzle.

(a) High-Beta nozzles (0.25 � � � 0.8)
(b) Low-Beta nozzles (0.20 � � � 0.5)
For � values between 0.25 and 0.50, either design can

be used. Figure 3-2 illustrates the geometric shapes of
long radius nozzles, showing cross-sections passing
through the throat centerlines. The reference letters used
in the text refer to those shown on Fig. 3-2. Both types
of nozzle consist of a convergent inlet, whose shape is
a quarter ellipse, and a cylindrical throat.

That part of the nozzle that is inside the pipe shall be
circular in cross-section, with the possible exception of
the holes of the pressure taps.

3-4.2.2 Profile of High-Beta Nozzle

(a) The inner face can be characterized by a convergent
section, A, a cylindrical throat, B, and a plain end, C.

(b) The convergent section, A has the shape of a quarter
ellipse. The center of the ellipse is at a distance D/2 from
the axial centerline. The major centerline of the ellipse is
parallel to the axial centerline. The value of half the major
axis is D/2. The value of half the minor axis is (D � d)/2.

The profile of the convergent section shall be checked
by means of a template. Any two diameters of the con-
vergent section measured in the same plane perpendi-
cular to the centerline shall not differ from each other
by more than 0.1% of their mean value.

(c) The throat, B has a diameter, d, and a length 0.6d.
The value d of the diameter of the throat shall be taken

as the mean of the measurements of at least four diame-

h
�

�
1
2

� �1V1
2

��
�

�
1
2

� �1V1
2

�1 � �4�(1 � C�2)�
��

C�2
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(b) Low Ratio 0.2  � � � 0.5

D

H

C

B

F

A

d 0.6d

Direction
of flow

(2/3)d

(7/6)d

D

D3 d

D3 d

(a) High Ratio 0.25  � � � 0.8

H

A B

F

Direction
of flow

C

D/2

D/2 0.6d

(D � d)/2

Fig. 3-2 Long Radius Nozzles
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ters distributed in axial planes and at approximately equal
angles to each other. The throat shall be cylindrical. Any
diameter of any cross-section shall not differ by more than
0.05% from the value of the mean diameter. Measurement
at a sufficient number of cross sections shall be made to
determine that the throat does not diverge in the direc-
tion of flow. Within the stated uncertainty limits, how-
ever, the throat can be slightly convergent.

(d) The distance between the pipe wall and the outside
face of the throat shall be no less than 3 mm (0.12 in.).

(e) The thickness, H shall be greater than or equal to
3 mm (0.12 in.) and less than or equal to 0.15D. The thick-
ness of the throat, F shall be greater than or equal to be-
tween 3 mm unless D � 65 mm (2.5 in.), in which case,
F shall be no less than 2 mm (0.08 in.). The thickness
shall be sufficient to prevent distortion due to fabrica-
tion and/or machining.

( f) The surface of the inner face shall have a rough-
ness criterion Ra � 10�4 d.

(g) The shape of the downstream (outside) face is not
specified but shall comply with paras. 3-4.2.2(d) and (e),
and the last sentence of para. 3-4.2.1.

3-4.2.3 Profile of Low-Beta Nozzle

(a) The requirements given in para. 3-4.2.2 for the
high-beta nozzle apply also to the low-beta nozzle with
the exception of the shape of the ellipse, which is given
in para. 3-4.2.3(b).

(b) The convergent inlet, A has the shape of a quarter
ellipse. The center of the ellipse shall be 7d/6 (i.e., d/2 �
2d/3) from the axial centerline. The major axis of the el-
lipse is parallel to the axial centerline. The value of half
the major axis is d. The value of half the minor axis is 2d/3.

3-4.2.4 Material and Manufacture. The long radius
nozzle can be manufactured from any material and in
any way, provided that it remains in accordance with
the foregoing description during flow measurement.

3-4.2.5 Pressure Taps

(a) The centerline of the upstream tap shall be at 1D
(�0.2D, �0.1D) from the inlet face of the nozzle. The cen-
terline of the downstream tap shall be at 0.50D 
 0.01D
from the inlet face of the nozzle, except in the case of a
low ratio nozzle with � � 0.3188. For a low ratio nozzle
with � � 0.3188, the centerline of the downstream tap
shall be at 1.6d (�0, �0.02D) from the inlet face of the
nozzle. Under no circumstances shall the downstream tap
be located further downstream than the nozzle outlet.
When installing the pressure taps, the thickness of the
gaskets and/or sealing material shall be accounted for.

(b) The centerline of the tap shall meet the pipe cen-
terline and be at an angle of 90 deg 
 3 deg. The hole on
the inside wall of the pipe shall be circular. The edges shall
be flush with the internal surface of the pipe wall and as
sharp as possible. To ensure the elimination of all burrs
or wire edges at the inner edge, rounding is permitted,
but shall have a radius less than one-tenth of the pressure
tap diameter. No irregularity shall appear inside the con-

necting hole, on the edges of the hole drilled in the pipe
wall, or on the pipe wall close to the pressure tap.

The diameter of pressure taps shall be less than 0.13D
and less than 13 mm (0.5 in.). No restriction is placed
on the minimum diameter, which is determined in prac-
tice by the need to prevent blockage and to give satis-
factory dynamic performance. The upstream and down-
stream taps shall have the same diameter.

The pressure taps shall be circular and cylindrical
over a length of at least 2.5 times the internal diameter
of the tap, measured from the inner wall of the pipeline.
The centerlines of the pressure taps can be located in
any axial plane of the pipeline. The axes of the upstream
and downstream taps can be located in different axial
planes, but are typically located in the same axial plane.

3-4.2.6 Coefficients of Long Radius Nozzles

3-4.2.6.1 Limits of Use. The long radius nozzles
shall only be used in accordance with this Part 3 when

(a) 50 mm (2 in.) � D � 630 mm (25 in.)
(b) 1 (104) � RD � 1 (107)
(c) Ra/D � 3.2 (10�4) in the upstream pipe
Pipes with higher relative roughness can be used if

the roughness for a distance of at least 10D upstream of
the nozzle is within the limit given above. Information
as to how to determine Ra is given in Part 1 of this Stan-
dard. Most of the data on which this roughness limit is
based were collected at RD � 1 (106). At higher RD, more
stringent limits on pipe roughness are likely required.

3-4.2.6.2 Discharge Coefficient, C. The discharge
coefficient is the same for both types of long radius noz-
zle when the taps are in accordance with para. 3-4.2.5.

The discharge coefficient, C, is given by the following
equation, when referring to the upstream pipe Reynolds
number RD:

C � 0.9965 � 0.00653�0.5� �
0.5

(3-12)

When referring to the Reynolds number at the throat
Rd, this equation becomes

C � 0.9965 � 0.00653� �
0.5

(3-13)

and in this case, C is independent of the diameter ratio,
�. Values of C as a function of � and RD are given for con-
venience in Table 3A-2. These values are not intended for
precise interpolation and extrapolation is not permitted.

3-4.2.6.3 Expansibility Factor, � (Y). The indica-
tions given in para. 3-4.1.6.3 apply also to the expansi-
bility factor for long radius nozzles, but within the lim-
its of use specified in para. 3-4.2.6.1.

3-4.2.7 Uncertainties

3-4.2.7.1 Uncertainty of Discharge Coefficient, C.
When � and Rd are assumed to be known without er-
ror, the relative uncertainty of the value of C is 2.0% for
all values of � between 0.2 and 0.8.

106
�
Rd

106
�
RD
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3-4.3 Venturi Nozzles

3-4.3.1 General Shape

(a) The profile of the venturi nozzle (see Fig. 3-3) is
axisymmetric. It consists of a convergent section, with a
rounded profile, a cylindrical throat, and a divergent
section.

(b) The upstream face is identical with that of an ISA
1932 nozzle (see Fig. 3-1).

(c) The flat inlet part, A is limited by a circumference
centered on the axis of revolution, with a diameter of
1.5d, and by the inside circumference of the pipe, of di-
ameter D. When d � 0.6667D, the radial width of this
flat portion is zero.

When d is greater than 0.6667D, the upstream face of the
nozzle does not include a flat inlet part within the pipe. In
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L

0.3d

(a) d  � (2/3)D (b) d  � (2/3)D

Direction
of flow

Note (1) Note (2)

d

� 2�

�

d

1.5d

1.5d

D

D

D

D

C

R
1

R
2 E

F

L

B
a A

�/2�/2

0.3041d

0.45d
0.40d

Fig. 3-3 Venturi Nozzle

NOTES:
(1) Truncated divergent section.
(2) Nontruncated divergent section.

3-4.2.7.2 Uncertainty of Expansibility Factor, � (Y).
The relative uncertainty, in percent, of � (Y) is equal to

(SI Units)


 (4 � 100�8) (3-14)

(U.S. Customary Units)

�
 (4 � 100�8) 	
This uncertainty assumes that �, �p (hw), p1, and � (the

isentropic exponent of the line fluid) are known with-
out error.

3-4.2.8 Pressure Loss, �� (h). Paragraph 3-4.1.8 ap-
plies equally to the pressure loss of long radius nozzles.

0.03606247hw
��

p1

�p
�
p1
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this case, the nozzle is manufactured as if D is greater than
1.5d and the inlet flat part is then faced off so that the largest
diameter of the convergent profile is just equal to D.

(d) The arc of circumference, B is tangential to the flat
inlet part, A when d � 0.6667D, while its radius,

(1) R1 � 0.2d 
 0.02d for � � 0.5
(2) R1 � 0.2d 
 0.006d for � � 0.5

Its center of the arc of circumference, B is located 0.2d
from the inlet plane and 0.75d from the axial centerline.

(e) The arc of circumference, C is tangential to the arc
of circumference, B and to the throat, E. Its radius,

(1) R2 � d/3 
 0.033d for � � 0.5
(2) R2 � d/3 
 0.01d for � � 0.5

Its center is located 5d/6 (i.e., d/2 � d/3) from the ax-
ial centerline and at

an � d � 0.3041d (3-15)

from the flat inlet portion, A.
(f ) The throat (see Fig. 3-3) consists of that portion

upstream of the tap, E of length 0.3d and the portion
downstream of the tap, F of a length 0.40d to 0.45d. The
value of the diameter of the throat shall be taken as the
mean of the measurements of at least four diameters dis-
tributed in axial planes and at approximately equal an-
gles to each other. The throat shall be cylindrical. No di-
ameter of any cross section shall differ by more than
0.05% from the value of the mean diameter.

(g) The divergent section (see Fig. 3-3) shall be con-
nected with the portion downstream, F of the tap of the
throat without a rounded part, but any burrs shall be re-
moved. The length, L of the divergent section has practi-
cally no influence on the discharge coefficient. The in-
cluded angle of the divergent section, and hence the length,
does influence the pressure loss. The included angle of the
divergent section,  shall be less than or equal to 30 deg.

(h) A venturi nozzle is called truncated when the out-
let diameter of the divergent section is less than the di-
ameter D and not truncated or full when the outlet di-
ameter is equal to diameter D. The divergent portion
may be truncated up to 35% of its length. Such trunca-
tion will increase the pressure loss of the device.

(i) The internal surfaces of the venturi nozzle shall
have a roughness criterion Ra � 10�4d.

3-4.3.2 Material and Manufacture

(a) The venturi nozzle can be manufactured from any
material provided that it is in accordance with the de-
scription in para. 3-4.3.1 and will remain so during use.
In particular, the venturi nozzle shall be clean when the
flow measurements are made.

(b) The venturi nozzle is usually made of metal and
shall be erosion and corrosion proof against the fluid
with which it is to be used.

3-4.3.3 Pressure Taps

3-4.3.3.1 Angular Position of the Pressure Taps. The
centerlines of the pressure taps can be located in any ax-

12 � �39�
��
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ial sector of the pipe. Consideration should be given to
tap position, however, if contaminants, liquid droplets,
or gas bubbles are likely to be present. In these cases,
the invert and crown of the pipe should be avoided.

3-4.3.3.2 Upstream Pressure Taps. The upstream
pressure taps shall be corner taps [see para. 3-4.1.5(a)].
The taps can be located either in the pipe or its flanges
or in carrier rings as shown in Fig. 3-4.

3-4.3.3.3 Throat Pressure Taps. The throat pres-
sure taps shall comprise at least four single pressure taps
leading into an annular chamber, or piezometer ring or,
if there are four taps, a “Triple-T” arrangement (see
para. 1-4.4.3). Annular slots or interrupted slots shall not
be used. The centerlines of the pressure taps shall meet
the centerline of the venturi nozzle and shall be at equal
angles to each other. The centerlines of the throat pres-
sure taps shall lie in the plane perpendicular to the cen-
terline of the venturi nozzle.

The diameter, �2, of the individual taps in the throat of
venturi nozzles shall be less than or equal to 0.04d but
shall be between 2 mm and 10 mm (0.08 in. and 0.39 in.).
The pressure taps shall be circular and cylindrical over a
length of at least 2.5 times the internal diameter of the
taps, measured from the inner wall of the venturi nozzle.

The hole on the inside wall of the pipe shall be circu-
lar. The edges shall be flush with the internal surface of
the pipe wall and as sharp as possible. To ensure the elim-
ination of all burrs or wire edges at the inner edge, round-
ing is permitted, but shall have a radius less than one-
tenth of the pressure tap diameter. No irregularity shall
appear inside the connecting hole, on the edges of the hole
drilled in the pipe wall, or on the pipe wall close to the
pressure tap. Conformity of the pressure taps with the re-
quirements specified can be judged by visual inspection.

3-4.3.4 Coefficients

3-4.3.4.1 Limits of Use. Venturi nozzles shall only
be used in accordance with Part 3 when

(a) 65 mm (2.5 in.) � D � 500 mm (20 in.)
(b) d � 50 mm (2 in.)
(c) 0.316 � � � 0.775
(d) 1.5 (105) � RD � 2 (106)
The roughness of the pipe shall conform to the val-

ues given in Table 3-2. Most of the experiments on which
the values of the discharge coefficient are based were
carried out on pipes with a relative roughness Ra/D �
1.2 (10�4). Pipes with higher relative roughness can be
used if the roughness over a distance of at least 10D up-
stream of the venturi nozzle is within the limits of Table
3-2. Information as to how to determine Ra is given in
Part 1 of this Standard.

3-4.3.4.2 Discharge Coefficient, C. The discharge
coefficient, C, is given by the following equation:

C � 0.9858 � 0.196�4.5 (3-16)

Within the limits specified in 3-4.3.4.1, C is inde-
pendent of the Reynolds number and of the pipe di-
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ameter D. Values of C as a function of � are given for
convenience in Table 3A-3. This table is not intended
for precise interpolation and extrapolation is not per-
mitted.

3-4.3.4.3 Expansibility Factor, � (Y). The indica-
tions given in para. 3-4.1.6.3 apply also to the expansi-
bility factor for venturi nozzles, but within the limits of
use specified in para. 3-4.3.4.1.

3-4.3.5 Uncertainties

3-4.3.5.1 Uncertainty of Discharge Coefficient. With-
in the limits of use specified in 3-4.3.4.1 and when � is
assumed to be known without error, the relative uncer-
tainty of the values of the discharge coefficient C, %, is
equal to (1.2 � 1.5�4).

3-4.3.5.2 Uncertainty of Expansibility Factor, � (Y).
The relative uncertainty, in percent, of � (Y) is equal to

(SI Units)


 (4 � 100�8) (3-17)

(U.S. Customary Units)

�
 (4 � 100�8) 	
This uncertainty assumes that �, �p (hw), p1, and k (the

isentropic exponent of the line fluid) are known with-
out error.

3-4.3.6 Pressure Loss. The indications given in this
paragraph apply to venturi nozzles when the included
angle of the divergent is not greater than 15 deg.

3-4.3.6.1 Definition of the Pressure Loss. The pres-
sure loss caused by a venturi nozzle can be determined

0.03606247hw
��

p1

�p
�
p1

MEASUREMENT OF FLUID FLOW IN PIPES 
ASME MFC-3M–2004 USING ORIFICE, NOZZLE, AND VENTURI

58

Table 3-2 Upper Limits of Relative Roughness of
the Upstream Pipe for Venturi Nozzles

� 104 Ra/D

�0.350 8.0
0.360 5.9
0.380 4.3
0.400 3.4
0.420 2.8
0.440 2.4
0.460 2.1
0.480 1.9
0.500 1.8
0.600 1.4
0.700 1.3
0.775 1.2

Fig. 3-4 Venturi Nozzle, Pressure Taps

NOTES:
(1) With annular slot.
(2) With discrete corner taps.

Direction
of flow

Note (1)

Note (2)

b

f

dD

a

h

g

c

�2

�1
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by pressure measurements made prior and subsequent
to the installation of the venturi nozzle in a pipe through
which there is a given flow.

In Fig. 3-5, �p	 is the pressure difference measured
between a point at least 1D upstream from the upstream
end of the venturi nozzle and a point 6D downstream
from the downstream end of the venturi nozzle, prior
to installation of the venturi nozzle. �p� is the difference
in pressure measured between the same pressure taps
after installation of the venturi nozzle. The pressure loss
caused by the venturi nozzle is given by �p� � �p	.

3-4.3.6.2 Relative Pressure Loss. The relative pres-
sure loss, �, is the ratio value of the pressure loss �p� �
�p	 related to the differential pressure �p (hw):

(SI Units)

� � (3-18)

(U.S. Customary Units)

� �

The relative pressure loss depends on:
(a) the diameter ratio (� decreases when � increases)
(b) the Reynolds number (� decreases when RD in-

creases)
(c) the gross and fine geometry of the venturi nozzle,

e.g., angle of the divergent
(d) manufacturing of the convergent, surface finish of the

different parts, etc. (� increases when  and Ra/D increase)
(e) the installation conditions (good alignment,

roughness of the upstream conduit, etc).
When the divergent angle is not greater than 15 deg,

the relative value of the pressure loss can be accepted
as being generally between 5% and 20%.

�p� � �p	
��

hw

�p� � �p	
��

�p

3-5 INSTALLATION REQUIREMENTS

3-5.1 General

General installation requirements for pressure differ-
ential devices are contained in para. 1-6 of this Standard
and shall be followed in conjunction with the additional
installation requirements for nozzles and venturi noz-
zles given in this section. The general requirements for
flow conditions at the primary device are given in para.
1-6.3 of this Standard. The requirements for use of a flow
conditioner are given in para. 1-6.4 of this Standard. For
some commonly used fittings shown in Table 3-3, the
minimum straight lengths of pipe indicated shall be
used. Detailed requirements are given in para. 3-5.2.

3-5.2 Minimum Upstream and Downstream Straight

Pipe Requirements

(a) The minimum straight lengths of pipe to be in-
stalled upstream and downstream of the primary device
for various fittings in the installation without flow con-
ditioners or straighteners are given in Table 3-3.

(b) When a flow conditioner is not used, the lengths
specified in Table 3-3 must be regarded as the minimum
values. For research and calibration work, it is recom-
mended that the upstream values specified in Table 
3-3 be increased as much as reasonably possible.

(c) When the straight lengths used are equal to or
longer than the values specified in each Column A of
Table 3-3 for “Zero Additional Uncertainty,” it is not
necessary to increase the uncertainty in discharge coef-
ficient to take account of the effect of the particular in-
stallation. Although termed “uncertainty” in this in-
stance, using upstream lengths shorter than those given
in each Column A of Table 3-3 will result in flow meas-
urement bias errors. Furthermore, orientation of the
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Direction
of flow

Pressure
loss

 (6D) D

D

�p��p�

Fig. 3-5 Pressure Loss Across a Venturi Nozzle
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pressure taps with respect to the various fittings can af-
fect the magnitude of the bias error.

(d) For a given fitting, when the upstream straight
length is greater than or equal to the “0.5% Additional
Uncertainty” value shown in each Column B of Table 
3-3 and shorter than the value corresponding to “Zero
Additional Uncertainty” (as shown in each Column A),
an additional uncertainty of 0.5% shall be added arith-
metically to the uncertainty in the discharge coefficient.
As detailed in para. 3-5.2.3, although termed “uncer-
tainty” in this instance, when using upstream straight
length greater than or equal to the value shown in each
Column B of Table 3-3 and shorter than the value cor-
responding to each Column A of Table 3-3, a flow meas-
urement bias error less than 0.5% will be introduced.
Since both the direction (positive or negative) and the
magnitude of this error are specific to the installation in
question, this Standard addresses this unknown bias er-
ror as an increase in the uncertainty band.

(e) Part 3 of this Standard cannot be used to predict
the value of any additional uncertainty when the up-
stream straight length is shorter than the “0.5% Addi-
tional Uncertainty” values specified in each Column B
of Table 3-3, nor when both the upstream and down-
stream straight lengths are shorter than the “Zero Ad-
ditional Uncertainty” values specified in each Column
A of Table 3-3 are used.

( f) The valves included in Table 3-3 shall be fully
open during the flow measurement process. It is rec-
ommended that control of the flow rate be achieved by
valves located downstream of the primary element. Iso-
lating valves located upstream of the primary element
shall be fully open, and these valves must be full bore.
The valve should be fitted with stops for alignment of
the ball or gate in the open position.

(g) Upstream valves that are bored to match the in-
side diameter of the adjacent pipe and are designed in
such a manner that in the fully opened condition there
are no steps, can be regarded as part of the upstream
pipe length, and do not need to have added lengths as
in Table 3-3. Other valves should not be included up-
stream of the primary element. It is recommended that
control of the flow rate be achieved by valves located
downstream of the primary element.

(h) The values given in Table 3-3 were determined
experimentally with fully developed and swirl-free flow
upstream of the subject fitting. Since such conditions are
difficult to achieve, the following information can be
used as a guide for normal installation practice:

(1) If the nozzle or venturi nozzle is installed in a
pipe leading from an upstream open space or large ves-
sel, either directly or through any other fittings covered
by Table 3-3, the total length of pipe between the open
space and the primary device shall never be less than
30D. If a fitting covered by Table 3-3 is installed then
the straight lengths specified in the table shall also ap-
ply between this fitting and the primary device.

NOTE: A metering system header is not an open space or large
vessel in this instance. A large vessel must have a cross-section
area of at least ten times that of the metering tube. In the case of
a normal header (cross-sectional area is typically 1.5 times the
cross-sectional area of the operating flow meter tubes), it is
strongly recommended that a flow conditioner be installed down-
stream of the header (see para. 1-6.4 of this Standard) since there
will always be distortion of the flow profile and a high probabil-
ity of swirl.

(2) If several fittings of the type covered by Table 
3-3 (other than the combinations of 90 deg bends already
covered by this Table) are placed in series upstream of the
primary device, the following paragraphs shall apply:

(a) Between the fitting immediately upstream of
the primary device (Fitting 1) and the primary device it-
self, there shall be a straight length at least equal to the
minimum length given in Table 3-3 appropriate for the
specific nozzle or venturi nozzle diameter ratio in con-
junction with Fitting 1.

(b) Between Fitting 1 and the next fitting further
from the nozzle or venturi nozzle (Fitting 2): Irrespec-
tive of the actual � of the primary device used, a mini-
mum straight length equal to half the number of diam-
eters given in Table 3-3 for a 0.7 diameter ratio primary
device used in conjunction with Fitting 2 must be in-
cluded between Fittings 1 and 2.

If either of the minimum straight lengths is selected
from each Column B of Table 3-3, a 0.5% additional un-
certainty shall be added arithmetically to the discharge
coefficient uncertainty. If the length between two or
more consecutive 90 deg bends is more than 15D, these
shall be treated as a single fitting in accordance with
Table 3-3, Column 1.

(c) If the upstream metering section has a full
bore valve preceded by another fitting, then the valve
can be installed at the outlet of the second fitting from
the primary device. The length between the valve and
the second fitting shall be added to the length between
the primary device and the first fitting, specified in Table
3-3 (see also Fig. 3-6). Note that para. 3-5.2(h)(3) must
also be satisfied.

(3) In addition to the rule in para. 3-5.2(h)(2), any
fitting (treating any two consecutive 90 deg bends as a
single fitting) must be located at a distance from the pri-
mary device at least as great as that given in Table 3-3.
This is regardless of the number of fittings between the
fitting in question and the primary device.

The distance between the nozzle or venturi nozzle and
the fitting shall be measured along the pipe axis. If the
distance meets this requirement using the number of di-
ameters in each Column B but not that in each Column
A, then a 0.5% additional uncertainty shall be added
arithmetically to the discharge coefficient uncertainty.
This additional uncertainty shall not be added more
than once under the provisions of paras. 3-5.2(h)(2) and
3-5.2(h)(3).

(i ) Two cases of the application of paras. 3-5.2(h)(2)
and 3-5.2(h)(3) are considered. In each case, the second
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Note (1) Flow nozzleIncreaser

29D

Note (1) Flow nozzleIncreaser

14D15D

Fig. 3-6 Layout Including a Full Bore Valve for � � 0.6

NOTE:
(1) Full bore ball or gate valve, fully open.

fitting from the nozzle or venturi nozzle is a two-bend
combination in perpendicular planes and the nozzle or
venturi nozzle has diameter ratio 0.65.

If the first fitting is a full bore ball valve fully open
(see Fig. 3-7, sketch (a)), the distance between the valve
and the primary device must be at least 16D (from Table
3-3). Furthermore, between the two-bend combination
in perpendicular planes and the valve, there must be at
least 31D [from para. 3-5.2(h)(2)], and the distance be-
tween the two-bend combination in perpendicular
planes and the primary device, there must be at least
54D [from 3-5.2(h)(3)]. If the valve has length 1D, an ad-
ditional length of 6D is required. This length can be up-
stream, downstream, or partly upstream and partly
downstream of the valve. Paragraph 3-5.2(h)(2)(c) could
also be used to move the valve to be adjacent to the two-
bend combination in perpendicular planes provided
that there is at least 54D from the two-bend combina-
tion in perpendicular planes to the primary device [see
Fig. 3-7, sketch (b)].

If the first fitting is a reducer from 2D to D over a length
of 2D [see Fig. 3-7, sketch (c)] the distance between the
reducer and the nozzle must be at least 11D (from Table
3-3) and that between the two-bend combination in per-
pendicular planes and the reducer must be at least 31 �
2D [from para. 3-5.2(h)(2)]; the distance between the two-
bend combination in perpendicular planes and the noz-
zle must be at least 54D [from para. 3-5.2(h)(3)]. No ad-
ditional length is required because of para. 3-5.2(h)(3).

If the first fitting is an expander from 0.5D to D over
a length of 2D [see Fig. 3-7, sketch (d)], the distance be-
tween the expander and the nozzle or venturi nozzle

must be at least 25D (from Table 3-3). Furthermore, be-
tween the two-bend combination in perpendicular
planes and the expander, there must be at least 31 �
0.5D [from para. 3-5.2(h)(2)], and the distance between
the two-bend combination in perpendicular planes and
the primary device must be at least 54D [from  para. 
3-5.2(h)(3)]. An additional length of 11.5D is required.
This length can be upstream, downstream, or partly up-
stream and partly downstream of the expander.

3-5.3 Flow Conditioners

A flow conditioner can be used to reduce upstream
straight lengths. See paras. 1-6.4.1 and 1-6.4.2  for addi-
tional information. All test work shall be carried out us-
ing the same type of nozzle as is being used for the mea-
surement of flow.

3-5.4 Circularity of Pipe Cross-Section

(a) The length of the upstream pipe section adjacent
to the primary device (or to the carrier ring if there is
one) shall be at least 2D and cylindrical. The pipe is said
to be cylindrical when no diameter in any plane differs
by more than 0.3% from the mean value of D obtained
from the measurements specified in para. 3-5.4(b).

(b) The value for the pipe diameter D shall be the
mean of the internal diameters over a length of 0.5D
upstream of the upstream pressure tap. The mean in-
ternal diameter shall be the arithmetic mean of meas-
urements of at least twelve diameters: four diameters
(positioned at approximately equal angles to each
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(31 � x)D (16 � y)D

(a) x � 0, y � 0, x � y � 6

(d) x � 0, y � 0, x � y � 11.5

D

� 53D

2D

2D

D

0.5D

D

� 62D � 11D

(b)

(c)

D

2D (25 � y)D(15.5 � x)D

GENERAL NOTE: See para. 3-5.2(i).

Fig. 3-7 Examples of Acceptable Installations

other) and distributed in each of at least three cross
sectional planes. These planes shall be evenly distrib-
uted over a length of 0.5D. Two of these planes shall
be 0 and 0.5D from the upstream tap, and one shall be
in the plane of the weld (in the case of a weld-neck
construction). If there is a carrier ring (see Fig. 3-4), this

value of 0.5D shall be measured from the upstream
edge of the carrier ring.

(c) Beyond 2D from the primary device, the upstream
pipe run between the primary device and the first up-
stream fitting or disturbance can be made up of one or
more sections of pipe.
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Between 2D and 10D from the nozzle, no additional
uncertainty in the discharge coefficient is incurred if
the diameter step (the difference between the diame-
ters) between any two sections does not exceed 0.3%
of the mean value of D obtained from the measure-
ments specified in para. 3-5.4(b). Moreover, the actual
step caused by misalignment and/or change in diam-
eter must not exceed 0.3% of D at any point on the in-
ternal circumference of the pipe. Mating flanges, there-
fore, require the bores to be matched and the flanges
aligned on installation. Dowels or self-centering gas-
kets can be used.

Beyond 10D from the nozzle, no additional uncer-
tainty in the discharge coefficient is involved provided
that the diameter step (the difference between the di-
ameters) between any two sections does not exceed 2%
of the mean value of D obtained from the measurements
specified in para. 3-5.4(b). Moreover, the actual step
caused by misalignment and/or change in diameter
must not exceed 2% of D at any point of the internal cir-
cumference of the pipe. If the pipe diameter upstream
of the step is greater than that downstream of it, the per-
mitted diameter and actual steps are increased from 2%
to 6% of D. On each side of the step, the pipe shall have
a diameter between 0.98D and 1.06D. Beyond 10D from
the nozzle, the use of gaskets between sections will not
violate this requirement provided that in use they are
no thicker than 3.2 mm (0.125 in.), and they do not pro-
trude into the flow.

Beyond the first location where an expander could be
fitted in accordance with Column 6A of Table 3-3, no ad-
ditional uncertainty in the discharge coefficient is in-
curred provided the diameter step (the difference be-
tween the diameters) between any two sections does not
exceed 10% of the mean value of D obtained from the
measurements specified in para. 3-5.4(b). Moreover, the
actual step caused by misalignment and/or change in di-
ameter must not exceed 10% of D at any point of the in-
ternal circumference of the pipe. The first location where
an expander could be fitted in accordance with Column
6A of Table 3-3 depends on the diameter ratio of the 
primary device, e.g., it is 22D from the primary device if
� � 0.6.

(d) An additional uncertainty of 0.2% shall be added
arithmetically to the uncertainty for the discharge coef-
ficient if the diameter step �D between any two sections
exceeds the limits given in para. 3-5.4(c), but complies
with the following relationships:

� 0.002 � � (3-19)

� 0.05 (3-20)
�D
�
D

�
D
s
� � 0.4

��
0.1 � 2.3�4

�D
�
D

where s is the distance of the step from the upstream
pressure tap or, if a carrier ring is used, from the up-
stream edge of the recess formed by the carrier ring.

(e) If a step is greater than any one of the limits given
in the inequalities above, the installation is not in ac-
cordance with Part 3. For further guidance refer to para.
1-5.1(a) of this Standard.

(f) No diameter of the downstream straight length,
considered along a length of a least 2D from the upstream
face of an ISA 1932 nozzle or a long radius nozzle, shall
differ from the mean diameter of the upstream straight
length by more than 3%. This can be judged by checking
a single diameter of the downstream straight length.

The diameter of the pipe immediately downstream of
an untruncated venturi nozzle shall not be less than 90%
of the diameter at the end of the divergent section. This
means that, in most cases, pipes having the same nom-
inal bore as that of the venturi nozzle tube can be used.

3-5.5 Location of Primary Device and Carrier Rings

(a) The primary device shall be placed in the pipe in
such a way that the fluid flows from the upstream face
towards the throat.

(b) The primary device shall be perpendicular to the
centerline of the pipe to within 1 deg.

(c) The primary device shall be centered in the pipe.
The distance ex between the centerline of the throat and
the centerlines of the pipe on the upstream and down-
stream sides shall be

ex � (3-21)

If ex does not conform to Eq. (3-21), then it falls beyond
the scope of this Standard.

(d) When carrier rings are used, they shall be centered
such that they do not protrude into the pipe at any point.

3-5.6 Method of Fixing and Gaskets

(a) The method of fixing and tightening shall be such
that once the primary device has been installed in the
proper position, it remains so. When holding the primary
device between flanges, it is necessary to allow for its free
thermal expansion and to avoid buckling and distortion.

(b) Gaskets or sealing rings shall be made and inserted
in such a way that they do not protrude at any point in-
side the pipe or across the pressure taps or slots when cor-
ner taps are used. They shall be as thin as possible, with
due consideration taken in maintaining the relationship
as defined in paras. 3-4.1.5(b) or 3-4.2.5(a) as appropriate.

(c) If gaskets are used between the primary device
and the annular chamber rings, they shall not protrude
inside the annular chamber.

0.005D
��
0.1 � 2.3�4

MEASUREMENT OF FLUID FLOW IN PIPES 
ASME MFC-3M–2004 USING ORIFICE, NOZZLE, AND VENTURI

64

C
opyrighted m

aterial licensed to S
tanford U

niversity by T
hom

son S
cientific (w

w
w

.techstreet.com
), dow

nloaded on O
ct-05-2010 by S

tanford U
niversity U

ser. N
o further reproduction or distribution is perm

itted. U
ncontrolled w

hen printed.



NONMANDATORY APPENDIX 3A

TABLES OF DISCHARGE COEFFICIENTS 

AND EXPANSIBILITY FACTORS

ASME MFC-3M–2004

65

Table 3A-1 ISA 1932 Nozzle: Discharge Coefficient, C

Diameter
Discharge Coefficient, C, for RD Equal to

Ratio, � 2 (104) 3 (104) 5 (104) 7 (104) 1 (105) 3 (105) 1 (106) 2 (106) 1 (107)

0.30 . . . . . . . . . 0.9855 0.9865 0.9878 0.9882 0.9883 0.9884
0.32 . . . . . . . . . 0.9847 0.9858 0.9873 0.9877 0.9878 0.9879
0.34 . . . . . . . . . 0.9838 0.9850 0.9866 0.9871 0.9872 0.9873
0.36 . . . . . . . . . 0.9828 0.9840 0.9859 0.9864 0.9865 0.9866
0.38 . . . . . . . . . 0.9816 0.9830 0.9849 0.9855 0.9856 0.9857
0.40 . . . . . . . . . 0.9803 0.9818 0.9839 0.9845 0.9846 0.9847
0.42 . . . . . . . . . 0.9789 0.9805 0.9827 0.9833 0.9834 0.9835
0.44 0.9616 0.9692 0.9750 0.9773 0.9789 0.9813 0.9820 0.9821 0.9822
0.45 0.9604 0.9682 0.9741 0.9764 0.9781 0.9805 0.9812 0.9813 0.9814
0.46 0.9592 0.9672 0.9731 0.9755 0.9773 0.9797 0.9804 0.9805 0.9806

0.47 0.9579 0.9661 0.9722 0.9746 0.9763 0.9788 0.9795 0.9797 0.9797
0.48 0.9567 0.9650 0.9711 0.9736 0.9754 0.9779 0.9786 0.9787 0.9788
0.49 0.9554 0.9638 0.9700 0.9726 0.9743 0.9769 0.9776 0.9777 0.9778
0.50 0.9542 0.9626 0.9689 0.9715 0.9733 0.9758 0.9766 0.9767 0.9768
0.51 0.9529 0.9614 0.9678 0.9703 0.9721 0.9747 0.9754 0.9756 0.9757
0.52 0.9516 0.9602 0.9665 0.9691 0.9709 0.9735 0.9743 0.9744 0.9745
0.53 0.9503 0.9589 0.9653 0.9678 0.9696 0.9722 0.9730 0.9731 0.9732
0.54 0.9490 0.9576 0.9639 0.9665 0.9683 0.9709 0.9717 0.9718 0.9719
0.55 0.9477 0.9562 0.9626 0.9651 0.9669 0.9695 0.9702 0.9704 0.9705
0.56 0.9464 0.9548 0.9611 0.9637 0.9655 0.9680 0.9688 0.9689 0.9690

0.57 0.9451 0.9534 0.9596 0.9621 0.9639 0.9664 0.9672 0.9673 0.9674
0.58 0.9438 0.9520 0.9581 0.9606 0.9623 0.9648 0.9655 0.9656 0.9657
0.59 0.9424 0.9505 0.9565 0.9589 0.9606 0.9630 0.9638 0.9639 0.9640
0.60 0.9411 0.9490 0.9548 0.9572 0.9588 0.9612 0.9619 0.9620 0.9621
0.61 0.9398 0.9474 0.9531 0.9554 0.9570 0.9593 0.9600 0.9601 0.9602
0.62 0.9385 0.9458 0.9513 0.9535 0.9550 0.9573 0.9579 0.9580 0.9581
0.63 0.9371 0.9442 0.9494 0.9515 0.9530 0.9551 0.9558 0.9559 0.9560
0.64 0.9358 0.9425 0.9475 0.9495 0.9509 0.9529 0.9535 0.9536 0.9537
0.65 0.9345 0.9408 0.9455 0.9473 0.9487 0.9506 0.9511 0.9512 0.9513
0.66 0.9332 0.9390 0.9434 0.9451 0.9464 0.9481 0.9487 0.9487 0.9488

0.67 0.9319 0.9372 0.9412 0.9428 0.9440 0.9456 0.9460 0.9461 0.9462
0.68 0.9306 0.9354 0.9390 0.9404 0.9414 0.9429 0.9433 0.9434 0.9435
0.69 0.9293 0.9335 0.9367 0.9379 0.9388 0.9401 0.9405 0.9405 0.9406
0.70 0.9280 0.9316 0.9343 0.9353 0.9361 0.9372 0.9375 0.9375 0.9376
0.71 0.9268 0.9296 0.9318 0.9326 0.9332 0.9341 0.9344 0.9344 0.9344
0.72 0.9255 0.9276 0.9292 0.9298 0.9303 0.9309 0.9311 0.9311 0.9312
0.73 0.9243 0.9256 0.9265 0.9269 0.9272 0.9276 0.9277 0.9277 0.9278
0.74 0.9231 0.9235 0.9238 0.9239 0.9240 0.9241 0.9242 0.9242 0.9242
0.75 0.9219 0.9213 0.9209 0.9208 0.9207 0.9205 0.9205 0.9205 0.9205
0.76 0.9207 0.9192 0.9180 0.9176 0.9172 0.9168 0.9166 0.9166 0.9166

0.77 0.9195 0.9169 0.9150 0.9412 0.9136 0.9128 0.9126 0.9126 0.9215
0.78 0.9184 0.9147 0.9118 0.9107 0.9099 0.9088 0.9084 0.9084 0.9803
0.79 0.9173 0.9123 0.9086 0.9071 0.9060 0.9045 0.9041 0.9040 0.9040
0.80 0.9162 0.9100 0.9053 0.9034 0.9020 0.9001 0.8996 0.8995 0.8994

GENERAL NOTE: The values given are not intended for precise interpolation. Extrapolation is not permitted.
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Table 3A-2 Long Radius Nozzle: Discharge Coefficient, C

Diameter
Discharge Coefficient, C, for RD Equal to

Ratio, � 1 (104) 2 (104) 5 (104) 1 (105) 2 (105) 5 (105) 1 (106) 5 (106) 1 (107)

0.20 0.9673 0.9759 0.9834 0.9873 0.9900 0.9924 0.9936 0.9952 0.9956
0.22 0.9659 0.9748 0.9828 0.9868 0.9897 0.9922 0.9934 0.9951 0.9955
0.24 0.9645 0.9739 0.9822 0.9864 0.9893 0.9920 0.9933 0.9951 0.9955
0.26 0.9632 0.9730 0.9816 0.9860 0.9891 0.9918 0.9932 0.9950 0.9954
0.28 0.9619 0.9721 0.9810 0.9856 0.9888 0.9916 0.9930 0.9950 0.9954
0.30 0.9607 0.9712 0.9834 0.9852 0.9885 0.9914 0.9929 0.9949 0.9954
0.32 0.9596 0.9704 0.9828 0.9848 0.9882 0.9913 0.9928 0.9948 0.9953
0.34 0.9584 0.9696 0.9822 0.9845 0.9880 0.9911 0.9927 0.9948 0.9953
0.36 0.9573 0.9688 0.9816 0.9841 0.9877 0.9910 0.9926 0.9947 0.9953
0.38 0.9562 0.9680 0.9810 0.9838 0.9875 0.9908 0.9925 0.9947 0.9952

0.40 0.9552 0.9673 0.9805 0.9834 0.9873 0.9907 0.9924 0.9947 0.9952
0.42 0.9542 0.9666 0.9800 0.9831 0.9870 0.9905 0.9923 0.9946 0.9952
0.44 0.9532 0.9659 0.9795 0.9828 0.9868 0.9904 0.9922 0.9946 0.9951
0.46 0.9523 0.9652 0.9790 0.9825 0.9866 0.9902 0.9921 0.9945 0.9951
0.48 0.9513 0.9645 0.9785 0.9822 0.9864 0.9901 0.9920 0.9945 0.9951
0.50 0.9503 0.9639 0.9759 0.9819 0.9862 0.9900 0.9919 0.9944 0.9950
0.51 0.9499 0.9635 0.9756 0.9818 0.9861 0.9899 0.9918 0.9944 0.9950
0.52 0.9494 0.9632 0.9754 0.9816 0.9860 0.9898 0.9918 0.9944 0.9950
0.53 0.9490 0.9629 0.9752 0.9815 0.9859 0.9898 0.9917 0.9944 0.9950
0.54 0.9485 0.9626 0.9750 0.9813 0.9858 0.9897 0.9917 0.9944 0.9950

0.55 0.9481 0.9623 0.9748 0.9812 0.9857 0.9897 0.9917 0.9943 0.9950
0.56 0.9476 0.9619 0.9746 0.9810 0.9856 0.9896 0.9916 0.9943 0.9950
0.57 0.9472 0.9616 0.9745 0.9809 0.9855 0.9895 0.9916 0.9943 0.9949
0.58 0.9468 0.9613 0.9743 0.9808 0.9854 0.9895 0.9915 0.9943 0.9949
0.59 0.9463 0.9610 0.9741 0.9806 0.9853 0.9894 0.9915 0.9943 0.9949

0.60 0.9459 9.9607 0.9739 0.9805 0.9852 0.9893 0.9914 0.9942 0.9949
0.61 0.9455 0.9604 0.9737 0.9804 0.9851 0.9893 0.9914 0.9942 0.9949
0.62 0.9451 0.9601 0.9735 0.9802 0.9850 0.9892 0.9914 0.9942 0.9949
0.63 0.9447 0.9599 0.9733 0.9801 0.9849 0.9892 0.9913 0.9942 0.9949
0.64 0.9443 0.9596 0.9731 0.9800 0.9848 0.9891 0.9913 0.9942 0.9948
0.65 0.9439 0.9593 0.9730 0.9799 0.9847 0.9891 0.9912 0.9941 0.9948
0.66 0.9435 0.9590 0.9728 0.9797 0.9846 0.9890 0.9912 0.9941 0.9948
0.67 0.9430 0.9587 0.9726 0.9796 0.9845 0.9889 0.9912 0.9941 0.9948
0.68 0.9427 0.9584 0.9724 0.9795 0.9845 0.9889 0.9911 0.9941 0.9948
0.69 0.9423 0.9581 0.9722 0.9793 0.9844 0.9888 0.9911 0.9941 0.9948

0.70 0.9419 0.9579 0.9721 0.9792 0.9843 0.9888 0.9910 0.9941 0.9948
0.71 0.9415 0.9576 0.9719 0.9791 0.9842 0.9887 0.9910 0.9940 0.9948
0.72 0.9411 0.9573 0.9717 0.9790 0.9841 0.9887 0.9910 0.9940 0.9947
0.73 0.9407 0.9570 0.9715 0.9789 0.9840 0.9886 0.9909 0.9940 0.9947
0.74 0.9403 0.9568 0.9714 0.9787 0.9839 0.9886 0.9909 0.9940 0.9947
0.75 0.9399 0.9565 0.9712 0.9786 0.9839 0.9885 0.9908 0.9940 0.9947
0.76 0.9396 0.9562 0.9710 0.9875 0.9838 0.9884 0.9908 0.9940 0.9947
0.77 0.9392 0.9560 0.9709 0.9784 0.9837 0.9884 0.9908 0.9939 0.9947
0.78 0.9388 0.9557 0.9707 0.9783 0.9836 0.9883 0.9907 0.9939 0.9947
0.79 0.9385 0.9555 0.9705 0.9781 0.9835 0.9883 0.9907 0.9939 0.9947
0.80 0.9381 0.9552 0.9704 0.9780 0.9834 0.9882 0.9907 0.9939 0.9947

GENERAL NOTE: The values given are not intended for precise interpolation. Extrapolation is not permitted.
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Table 3A-3 Venturi Nozzles: Discharge Coefficient, C

Diameter Ratio, � Discharge Coefficient, C Diameter Ratio, � Discharge Coefficient, C

0.316 0.9847 0.550 0.9725
0.320 0.9846 0.560 0.9714
0.330 0.9845 0.570 0.9702
0.340 0.9843 0.580 0.9689
0.350 0.9841 0.590 0.9676
0.360 0.9838 0.600 0.9661
0.370 0.9836
0.380 0.9833 0.610 0.9646
0.390 0.9830 0.620 0.9630
0.400 0.9826 0.630 0.9613

0.640 0.9595
0.410 0.9823 0.650 0.9576
0.420 0.9818 0.660 0.9556
0.430 0.9814 0.670 0.9535
0.440 0.9809 0.680 0.9512
0.450 0.9804 0.690 0.9489
0.460 0.9798 0.700 0.9464
0.470 0.9792
0.480 0.9786 0.710 0.9438
0.490 0.9779 0.720 0.9411
0.500 0.9771 0.730 0.9382

0.740 0.9352
0.510 0.9763 0.750 0.9321
0.520 0.9755 0.760 0.9288
0.530 0.9745 0.770 0.9253
0.540 0.9736 0.775 0.9236

GENERAL NOTE: The values given are not intended for precise interpolation. Extrapolation is not permitted.

Table 3A-4 Nozzles and Venturi Nozzles: Expansibility Factor, � (Y)

Diameter Ratio Expansibility Factor, � (Y), for p2/p1 Equal to

� �4 1.00 0.98 0.96 0.94 0.92 0.90 0.85 0.80 0.75

for � � 1.2

0.5623 0.1000 1.0000 0.9856 0.9712 0.9568 0.9423 0.9278 0.8913 0.8543 0.8169
0.6687 0.2000 1.0000 0.9834 0.9669 0.9504 0.9341 0.9178 0.8773 0.8371 0.7970
0.7401 0.3000 1.0000 0.9805 0.9613 0.9424 0.9238 0.9053 0.8602 0.8163 0.7733
0.7953 0.4000 1.0000 0.9767 0.9541 0.9320 0.9105 0.8895 0.8390 0.7909 0.7448
0.8000 0.4096 1.0000 0.9763 0.9533 0.9309 0.9091 0.8878 0.8367 0.7882 0.7418

for � � 1.3

0.5623 0.1000 1.0000 0.9867 0.9734 0.9600 0.9466 0.9331 0.8990 0.8645 0.8294
0.6687 0.2000 1.0000 0.9846 0.9693 0.9541 0.9389 0.9237 0.8859 0.8481 0.8102
0.7401 0.3000 1.0000 0.9820 0.9642 0.9466 0.9292 0.9120 0.8697 0.8283 0.7875
0.7953 0.4000 1.0000 0.9785 0.9575 0.9369 0.9168 0.8971 0.8495 0.8039 0.7599
0.8000 0.4096 1.0000 0.9781 0.9567 0.9358 0.9154 0.8955 0.8473 0.8013 0.7570

for � � 1.4

0.5623 0.1000 1.0000 0.9877 0.9753 0.9628 0.9503 0.9377 0.9058 0.8733 0.8402
0.6687 0.2000 1.0000 0.9857 0.9715 0.9573 0.9430 0.9288 0.8933 0.8577 0.8219
0.7401 0.3000 1.0000 0.9832 0.9667 0.9503 0.9340 0.9178 0.8780 0.8388 0.8000
0.7953 0.4000 1.0000 0.9800 0.9604 0.9411 0.9223 0.9038 0.8588 0.8154 0.7733
0.8000 0.4096 1.0000 0.9796 0.9597 0.9401 0.9210 0.9022 0.8567 0.8129 0.7705

for � � 1.66

0.5623 0.1000 1.0000 0.9896 0.9791 0.9685 0.9578 0.9471 0.9197 0.8917 0.8629
0.6687 0.2000 1.0000 0.9879 0.9759 0.9637 0.9516 0.9394 0.9088 0.8778 0.8464
0.7401 0.3000 1.0000 0.9858 0.9718 0.9577 0.9438 0.9299 0.8953 0.8609 0.8265
0.7953 0.4000 1.0000 0.9831 0.9664 0.9499 0.9336 0.9176 0.8782 0.8397 0.8020
0.8000 0.4096 1.0000 0.9827 0.9658 0.9490 0.9325 0.9162 0.8763 0.8374 0.7994

GENERAL NOTE: The values given are not intended for precise interpolation. Extrapolation is not permitted. For some types of primary device,
not all values of � are permissible.
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Part 4
Venturi Meters

4-1 SCOPE AND FIELD OF APPLICATION

Part 4 specifies the geometry and method of use (in-
stallation and operating conditions) of venturi tubes
when they are inserted in a conduit running full to de-
termine the flow rate of the fluid flowing in the conduit.

Part 4 also provides background information for calcu-
lating the flow-rate and should be applied in conjunction
with the requirements given in Part 1, which contains gen-
eral material that applies to all the devices covered by the
Standard, i.e., orifice plates, nozzles, and venturi tubes.

Part 4 applies only to venturi tubes in which the flow
remains subsonic throughout the measuring section and
is steady or varies only slowly with time and where the
fluid can be considered as single-phase. It does not ap-
ply to the measurement of pulsating flow. In addition,
these devices can only be used within specific limits of
pipe size, roughness, diameter ratio, and Reynolds num-
ber. Thus, Part 4 cannot be used for nominal pipe sizes
less than 50 mm (2 in.) or more than 1 200 mm (48 in.)
or for pipe Reynolds numbers below 200 000.

Part 4 addresses the three types of ASME venturi
tubes (as-cast, machined inlet, and fabricated weldment)
and not venturi nozzles that differ in shape and in the
position of the pressure taps. A venturi tube is a device
that consists of a cylindrical entrance section, followed
by a conical convergent inlet, connected to a cylindrical
section called the throat, and a conical expanding sec-
tion called the divergent. If the convergent inlet is a stan-
dardized ISA 1932 nozzle, the device is called a venturi
nozzle (for more information on venturi nozzles, refer to
Part 3 of this Standard). The differences in uncertainty
values of the discharge coefficient for the three types of
ASME venturi tube indicate typical manufacturing tol-
erances for each method of manufacture and the quan-
tity of data for each type.

ASME venturi tubes as defined by this Standard are
also known as Herschel venturi tubes or classical ven-
turi tubes.

NOTE: Research into the use of venturi tubes in high-pressure gas
[p � 1 MPa (145 psi)] is currently being carried out. In many cases,
venturi tubes with machined convergent sections have been found
to have discharge coefficients that lie outside the range predicted
by this Standard by 2% or more. For optimum accuracy, venturi
tubes used in gas applications should be calibrated over the re-
quired flow rate range.
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4-2 REFERENCES AND RELATED DOCUMENTS

Normative references and definitions used within this
document are contained in Part 1 of this Standard as are
the associated symbols, subscripts, and definitions. Ref-
erences and related documents for this Part are listed
below.
Jamieson, A.W., Johnson, P.A., Spearman, E.P., and Sat-

tary, J.A., “Unpredicted Behaviour of Venturi Flow-
meter in Gas at High Reynolds Numbers,” Proceed-
ings 14th North Sea Flow Measurement Workshop,
Paper 5, Peebles, Scotland, 1996.

Van Weers, T., Van Der Beek, M.P., and Landheer, I.J.,
“Cd-Factor of Classical Venturi’s [sic]: Gaming Tech-
nology?,” Proceedings 9th International Conference
on Flow Measurement (Flomeko), Lund, Sweden,
June 1998: 203–207.

Reader-Harris, M.J., Brunton, W.C., Gibson, J.J., Hodges,
D., and Nicholson, I.G., “Venturi Tube Discharge Coef-
ficients,” Proceedings 4th International Symposium on
Fluid Flow Measurement, Denver, Colorado, June 1999.

Reader-Harris, M.J., Brunton, W.C., and Sattary, J.A.,
“Installation Effects on Venturi Tubes,” Proceedings
of ASME Fluids Engineering Division Summer Meet-
ing, FEDSM97-3016, Vancouver, Canada, June 1997.

ISO/TR 3313:1998, Measurement of Fluid Flow in
Closed Conduits—Guidelines on the Effects of Flow
Pulsations on Flow-Measurement Instruments

ISO 4288:1996, Geometrical Product Specification (GPS)—
Surface Texture: Profile Method—Rules and Proce-
dures for the Assessment of Surface Texture

ISO/TR 5168:1998, Measurement of Fluid Flow—Eval-
uation of Uncertainties

ISO/TR 9464:1998, Guidelines for the Use of ISO 5167-
1:1991

Publisher: International Organization for Standardiza-
tion (ISO), 1 rue de Varembe, Case Postale 56, CH-
1211, Geneve 20, Switzerland/Suisse

4-3 PRINCIPLES OF THE METHOD OF 
MEASUREMENT AND COMPUTATION

The principle of the method of measurement is based
on the installation of the venturi tube into a pipeline in
which a fluid is running full. In a venturi tube, a static
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pressure difference exists between the upstream section
and the throat section of the device. Given the same
conditions of use, whenever the device is geometrically
similar to one on which direct calibration has been
made, the rate of flow can be determined from the meas-
ured value of this pressure difference and from a knowl-
edge of the fluid conditions.

The mass rate of flow can be determined by the fol-
lowing equation:

(SI Units)

qm � � d2 �2�p�1� (4-1)

(U.S. Customary Units)

qm � 0.09970190CYd2 ��
�p (hw) represents the differential pressure, as defined

in Part 1 of this Standard. The diameters d and D men-
tioned in the equations are the values of the diameters
at the working conditions. Measurements taken at any
other conditions must be corrected for any possible ex-
pansion or contraction of the primary device and the
pipe due to the temperature and pressure of the fluid
during measurement.

The value of the volume rate of flow can be simply
calculated since

qv � (4-2)

where � is the fluid density at the temperature and pres-
sure for which the volume is stated.

The uncertainty limits can be calculated using the pro-
cedure given in para. 1-7 of this Standard.

Computation for flow rate is performed by replacing
the different terms on the right-hand side of the Eq. 
(4-1) by their numeric values. It is necessary to know the
density and the viscosity of the fluid at the working con-
ditions. In the case of a compressible fluid, it is also nec-
essary to know the isentropic exponent of the fluid at
the working conditions. Table 4A-1 of this Standard
provides venturi tube expansibility factors, � (Y), for dif-
ferent working conditions. This table is not intended for
precise interpolation and extrapolation is not permitted.

4-4 ASME VENTURI TUBES

4-4.1 Application

The application of the ASME venturi tubes dealt with
in this part of this Standard depends on their method
of manufacture.

Three types of standard ASME venturi tube are de-
fined according to the method of manufacture of the in-
ternal surface of the entrance cone and the profile at the
intersection of the entrance cone and the throat. These
three methods of manufacture are described in paras. 

qm
�
�

hw�1
�
1 � �4

�
�
4

C
��
�1 � �4�

4-4.1.1 to 4-4.1.3 and have different characteristics. There
are also limits to the surface roughness and Reynolds
number for each type that must be addressed.

4-4.1.1 ASME Venturi Tube With an “As-Cast” Conver-

gent Section. This is an ASME venturi tube made by cast-
ing in a sand mold or by other methods that leave a fin-
ish on the surface of the convergent section similar to that
produced by sand casting. The throat is machined and the
junctions between the cylinders and cones are rounded.
These ASME venturi tubes can be used in pipes of diam-
eter between 100 mm (4 in.) and 1 200 mm (48 in.) and
having diameter ratios between 0.30 and 0.75, inclusive.

4-4.1.2 ASME Venturi Tube With a Machined Con-

vergent Section. This is an ASME venturi tube in which
the convergent section is machined, as are the throat and
the cylindrical entrance. The junctions between the
cylinders and cones are rounded. These ASME venturi
tubes can be used in pipes of diameter between 50 mm
(2 in.) and 250 mm (10 in.) and having diameter ratios
between 0.30 and 0.75, inclusive.

4-4.1.3 ASME Venturi Tube With a Rough-Welded

Convergent Section. This is an ASME venturi tube nor-
mally fabricated by welding. Machining of the contour
is not necessary provided the tolerances outlined in
paras. 4-4.2 through 4-4.2.6 and 4-4.2.9. These ASME
venturi tubes can be used in pipes of diameter between
100 mm (4 in.) and 1 200 mm (48 in.) and having diam-
eter ratios between 0.30 and 0.75, inclusive.

4-4.2 Geometric Profile for the ASME Venturi Tube

Figure 4-1 shows a section through the centerline of
the throat of an ASME venturi tube. The letters used in
the text refer to those shown on Fig. 4-1. The ASME ven-
turi tube is made up of an entrance cylinder, A con-
nected to a conical convergent section, B, a cylindrical
throat, C, and a conical divergent section, E. The inter-
nal surface of the device is cylindrical and concentric
with the pipe centerline. All sections are concentric and
coaxial with the centerline of the venturi tube as as-
sessed by visual inspection.

4-4.2.1 Entrance Section. The entrance section, A,
shall have an inside diameter D that shall not differ from
the pipe inside diameter by more than 0.01D. The length
of the entrance section is typically no less than D when
measured from the plane containing the intersection of
the cone frustum, B, with the entrance section, A. The
length, however, can vary as a result of the manufac-
turing process (see paras. 4-4.2.7 to 4-4.2.9).

The entrance cylinder diameter, D, shall be measured
in the plane of the upstream pressure taps. The meas-
urements shall be equally spaced. The number of meas-
urements shall be at least equal to the number of pres-
sure taps, with a minimum of four.

The diameters shall be measured near each pair of pres-
sure taps, and also between these pairs. The arithmetic
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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
taps. No diameter along the entrance cylinder shall differ
by more than 0.4% from the value of the mean diameter.

4-4.2.2 The Convergent Section. The convergent sec-
tion, B shall be conical and shall have an included an-
gle, , of 21 deg 
 1 deg for all types of ASME venturi
tube. It is limited upstream by the plane containing the
intersection (or prolongations) of the cone frustum, B
with the entrance cylinder, A, and downstream by the

plane containing the intersection (or prolongations) of
the cone frustum, B, with the throat, C.

The overall length of the convergent B measured par-
allel to the centerline of the venturi tube is approxi-
mately equal to 2.7(D � d). The convergent section, B is
blended to the entrance cylinder, A, by a curvature of
radius R1, the value of which depends on the type of
ASME venturi tube. The profile of the convergent sec-
tion shall be checked by means of a template. The de-
viation between the template and the conical section of
the convergent section shall not exceed, in any place,
0.5% of D.
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Note (2)

Direction of flow

Cylindrical entrance, A

Cylindrical throat, C

Conical convergent, B

Conical divergent, E

Plane of intersection

Plane of intersection

Planes of intersection
21 deg
±1 deg

(0.5 ± 0.02)d

d

R1

R2

R3

D 

d 

� [Note (1)]

Fig. 4-1 Geometric Profile of the ASME Venturi Tube

NOTES:
(1) 7 deg � � � 15 deg.
(2) See para. 4-4.4.7.
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The internal surface of the conical section of the con-
vergent section is taken as being a surface of revolution
if two diameters situated in the same plane perpendi-
cular to the axis of revolution do not differ from the
value of the mean diameter by more than 0.4%. It shall
be checked in the same way that the joining curvature
with a radius R1 is a surface of revolution.

4-4.2.3 The Throat Section. The throat, C, shall be
cylindrical with an inside diameter, d. It is limited up-
stream by the plane containing the intersection (or pro-
longations) of the cone frustum, B, with the throat, C
and downstream by the plane containing the intersec-
tion (or prolongations) of the throat, C, with the cone
frustum, E. The length of the throat, C, shall be equal to
d 
 0.03d regardless of method of manufacture.

The throat, C is connected to the convergent section,
B, by a curvature of radius R2 and to the divergent sec-
tion, E by a curvature of radius R3. The values of R2 and
R3 depend on the type of ASME venturi tube.

The diameter, d shall be measured in the plane of the
throat pressure taps in such a manner as to minimize
the uncertainty of the measurement. The number of
measurements shall be at least equal to the number of
pressure taps (with a minimum of four). The diameters
shall be measured near each pair of pressure taps and
also between these pairs. The arithmetic mean value of
all 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 taps. No diameter along the
throat shall differ by more than 0.1% of the value of the
mean diameter.

The throat of the ASME venturi tube shall be ma-
chined or be of equivalent smoothness over the whole
of its length to the surface roughness specified in para.
4-4.2.6. The throat shall be checked that the joining cur-
vatures into the throat with radii R2 and R3 are surfaces
of revolution as described in para. 4-4.2.2. This require-
ment is satisfied when two diameters, situated in the
same plane perpendicular to the axis of revolution, do
not differ from the value of the mean diameter by more
than 0.1%.

The values of the radii of curvature R2 and R3 shall
be checked by means of a template. The deviation be-
tween the template and the ASME 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 0.02d.

4-4.2.4 The Divergent Section. The divergent sec-
tion, E, shall be conical and shall have an included an-
gle between 7 deg and 15 deg. Its smallest diameter shall
not be less than the throat diameter. This Standard pro-
vides pressure loss values for meters with divergent sec-
tion included angles of 7 deg and 15 deg only; no in-
formation is given for intermediate angles.

4-4.2.5 Truncation. An ASME venturi tube is called
truncated when the outlet diameter of the divergent sec-
tion is less than the diameter, D and not truncated or full
when the outlet diameter is equal to diameter, D. The
divergent portion can be truncated up to 35% of its
length without altering the value or tolerance of the dis-
charge coefficient. Such truncation, however, will in-
crease the pressure loss of the device. This Standard pro-
vides pressure loss values for divergent sections without
truncation; no information is given for truncated recov-
ery sections.

4-4.2.6 Roughness. The roughness criterion Ra of the
throat and that of the adjacent radii shall be as small as
possible and shall always be less than 10�4d. The di-
vergent section is typically unmachined. Its internal sur-
face shall be clean and smooth. Other parts of the ASME
venturi tube have specified roughness limits depending
on the type considered.

4-4.2.7 Characteristics of an ASME Venturi Tube With

an “As-Cast” Convergent Section. The internal surface of
the convergent section, B, is sand-cast. It shall be free
from cracks, fissures, depressions, irregularities, and
impurities. The roughness criterion Ra for the conver-
gent surface shall be less than 10�4D.

The minimum length of the entrance cylinder, A, shall
be equal to the smaller of the following two values: D
and 0.25D � 250 mm (10 in.) (see para. 4-4.2.1). The in-
ternal surface of the entrance cylinder, A, may be left
“as-cast” provided that it has the same surface finish as
the convergent section, B.

The radius of curvature R1 shall be equal to 1.375D 

0.275D. The radius of curvature R2 shall be equal to
3.625d 
 0.125d.

The length of the cylindrical part of the throat shall
be not less than d/3. In addition, the length of the cylin-
drical part between the end of the radius R2 and the
plane of the pressure taps, as well as the length of the
cylindrical part between the plane of the throat pressure
taps and the beginning of the radius R3, shall be not less
than d/6 (see also para. 4-4.2.3 for the throat length).

The radius of curvature R3 shall lie between 5d and
15d. Its value increases as the divergent angle decreases.
A value of approximately 10d is recommended.

4-4.2.8 Characteristics of an ASME Venturi Tube With

a Machined Convergent Section. The minimum length of
the entrance cylinder, A, shall be equal to D. The entrance
cylinder and the convergent section shall have a surface
finish equal to that of the throat (see para. 4-4.2.6).

The radius of curvature R1 shall be 0.25D 
 0.05D.
The radius of curvature R2 shall be 0.25d 
 0.05d. The
length of the cylindrical throat, C, shall be equal to d 

0.03d.

In addition, the length of the cylindrical part between
the end of the radius R2 and the plane of the pressure
taps, as well as the length of the cylindrical part between
the plane of the throat pressure taps and the beginning
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of the radius R3, shall be no less than 0.5d 
 0.015d (see
also para. 4-4.2.3 for the throat length). The radius of
curvature R3 shall be 0.25d 
 0.05d.

4-4.2.9 Characteristics of an ASME Venturi Tube With

a Rough-Welded Convergent Section. 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. There
shall be no joining curvature between the throat, C, and
the divergent section, E. The internal surface of the en-
trance cylinder, A, and the convergent section, B shall
be clean and free from encrustation and welding de-
posits. The roughness criterion Ra for the surface shall
be about 5 (10�4)D. The internal welded seams shall be
flush with the surrounding surfaces. They shall not be
located in the vicinity of the pressure taps.

4-4.3 Materials and Manufacture

(a) Materials. The ASME venturi tube can be manu-
factured from any material, provided that it is in accor-
dance with the foregoing description and will remain so
during use.

(b) It is recommended that the convergent section, B,
and the throat, C, be joined as one part. It is recommended
that in the case of a machined convergent, the throat and
the convergent section be manufactured from one piece
of material. If made in two separate parts they shall be as-
sembled before the internal surface is finally machined.

(c) Particular care shall be given to the centering of
the divergent section, E, on the throat, C. There shall be
no step in diameters between the two parts. This can be
established either visually or by touch.

4-4.4 Pressure Taps

4-4.4.1 The upstream and throat pressure taps shall
be made in the form of separate pipe wall pressure taps
interconnected by annular chambers or piezometer
rings or, if there are four taps, a “Triple-T” arrangement
(see para. 1-4.4.3 of this Standard).

4-4.4.2 Tap Size. If d is greater than or equal to 33.3
mm (1.30 in.), the diameter of these taps shall be between
4 mm (0.15 in.) and 10 mm (0.40 in.), but shall never be
greater than 0.1D for the upstream taps and 0.13d for the
throat pressure taps. If d is less than 33.3 mm (1.30 in.),
the diameter of the throat pressure taps shall be between
0.1d and 0.13d and the diameter of the upstream pres-
sure taps shall be between 0.1d and 0.1D. It is recom-
mended that pressure taps as small as compatible with
the fluid be used, e.g., viscosity and clarity.

4-4.4.3 Number of Pressure Taps. At least four pres-
sure taps shall be provided for the upstream and throat

pressure measurements. The centerlines of the pressure
taps shall meet the centerline of the ASME venturi tube,
shall form equal angles with each other and shall be con-
tained in planes perpendicular to the centerline of the
ASME venturi tube.

4-4.4.4 Quality of Pressure Taps. The hole on the in-
side wall of the pipe shall be circular. The edges shall be
flush with the internal surface of the pipe wall and as
sharp as possible. To ensure the elimination of all burrs
or wire edges at the inner edge, rounding is permitted,
but shall have a radius less than one-tenth of the pres-
sure tap diameter. No irregularity shall appear inside the
connecting hole, on the edges of the hole drilled in the
pipe wall, or on the pipe wall close to the pressure tap.

4-4.4.5 Length of Pressure Taps. The pressure taps
shall be cylindrical over a length at least 2.5 times the
internal diameter of the tap measured from the inner
wall of the pipeline.

4-4.4.6 Location of Pressure Taps. The location of a
pressure tap is the distance, measured on a straight line
parallel to the centerline of the ASME venturi tube, be-
tween the centerline of the pressure tap and the refer-
ence planes defined below.

For the ASME venturi tube with an “as-cast” conver-
gent section, the spacing between the upstream pressure
taps situated on the entrance cylinder (A) and the plane
of intersection between the entrance cylinder (A) and
the prolongation of convergent section (B) shall be:

(a) 0.5D 
 0.25D for 100 mm (4 in.) � D � 150 mm 
(6 in.)

(b) 0.5D (� 0.0D, � 0.25D) for 150 mm (6 in.) � D �
1 200 mm (48 in.)

For ASME venturi tubes with a machined convergent
section and with a rough-welded convergent, the spac-
ing between the upstream pressure taps and the plane
of intersection between the entrance cylinder, A, and the
convergent section, B (or their prolongations) shall be
0.5D 
 0.05D.

For all types of ASME venturi tube, the spacing be-
tween the plane containing the axes of the points of
breakthrough of the throat pressure taps and the inter-
section plane of the convergent section, B, and the
throat, C (or their prolongations) shall be 0.5d 
 0.02d.

4-4.4.7 Pressure Taps With Annular Chambers. The
area of the free cross-section of the annular chamber of
the pressure taps shall be greater than or equal to half
the total area of the tap holes connecting the chamber
to the pipe. It is recommended, however, that the cham-
ber section mentioned above shall be doubled when the
ASME venturi tube is used with a minimum upstream
straight length from a fitting causing asymmetric flow.

4-4.5 Discharge Coefficient, C

4-4.5.1 Limits of Use. Whatever the type of ASME
venturi tube, a simultaneous use of extreme values for D,
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�, and RD should be avoided because the uncertainties
given in para. 4-4.7 will likely be greater. For installations
outside the limits defined in paras. 4-4.5.2, 4-4.5.3, and 
4-4.5.4 for D, �, and RD, it remains necessary to calibrate
separately the primary element in its actual conditions of
service. The effects of D, �, and Ra/D on C are not yet
sufficiently known for it to be possible to give reliable
values of C outside the limits defined for each type of
ASME venturi tube (See Nonmandatory Appendix 4B).

4-4.5.2 Discharge Coefficient of the ASME Venturi

Tube With an “As-Cast” Convergent Section. ASME ven-
turi tubes with an “as-cast” convergent section can only
be used in accordance with this Part of this Standard
when

(a) 100 mm (4 in.) � D � 1 200 mm (48 in.)
(b) 0.30 � � � 0.75
(c) 2 (105) � RD � 6 (106)
Under these conditions, the value of the discharge co-

efficient, C � 0.984.

4-4.5.3 Discharge Coefficient of the ASME Venturi

Tube With a Machined Convergent Section. ASME ven-
turi tubes with a machined convergent section can only
be used in accordance with Part 4 when

(a) 50 mm (2 in.) � D � 250 mm (10 in.)
(b) 0.30 � � � 0.75
(c) 2 (105) � RD � 6 (106)
Under these conditions, the value of the discharge co-

efficient, C � 0.995.

4-4.5.4 Discharge Coefficient of the ASME Venturi

Tube With a Rough-Welded Convergent Section. ASME
venturi tubes with a rough-welded convergent section
can only be used in accordance with Part 4 when

(a) 100 mm (4 in.) � D � 1 200 mm (48 in.)
(b) 0.30 � � � 0.75
(c) 2 (105) � RD � 6 (106)
Under these conditions, the value of the discharge co-

efficient, C � 0.985.

4-4.6 Expansibility Factor

The expansibility factor, � (Y), is calculated by means
of the following equation:

� (Y) � � �� �� 	�0.5
(4-3)

where
� � pressure ratio (P2/P1)
� � isentropic exponent

This equation is applicable only for values of D, �,
and RD as specified in 4-4.5.2, 4-4.5.3, or 4-4.5.4, as ap-
propriate. Test results for determination of � (Y) are only
known for air, steam, and natural gas. There is no
known objection to using the same equation for other
gases for which the isentropic exponent is known. The
equation is applicable, however, only if P2/P1 � 0.80.

1 � �(��1)/�

��
1 � �

1 � �4
��
1 � �4�2/�

��2/�

�
� � 1

Values of the expansibility factor � (Y) for a range of
isentropic exponents, pressure ratios, and diameter ra-
tios are given for convenience in Table 4A-1 of this Stan-
dard. This table is not intended for precise interpolation
and extrapolation is not permitted.

4-4.7 Uncertainty of the Discharge Coefficient, C

4-4.7.1 ASME Venturi Tube With an “As-Cast” Conver-

gent Section. The relative uncertainty of the discharge co-
efficient as given in para. 4-4.5.2 is equal to 0.75%.

4-4.7.2 ASME Venturi Tube With a Machined Conver-

gent Section. The relative uncertainty of the discharge co-
efficient as given in para. 4-4.5.3 is equal to 1.0%.

4-4.7.3 ASME Venturi Tube With a Rough-Welded

Convergent Section. The relative uncertainty of the dis-
charge coefficient as given in para. 4-4.5.4 is equal to 1.5%.

4-4.8 Uncertainty of the Expansibility Factor, � (Y)

The relative uncertainty, in percent, of � (Y) is equal to

(SI Units)


 (4 � 100 �8)(�p/p1) (4-4)

(U.S. Customary Units)


 (4 � 100 �8)(0.03606247hw/p1)

This uncertainty assumes that �, �p (hw), p1, and � (the
isentropic exponent of the line fluid) are known with-
out error.

4-4.9 Pressure Loss

4-4.9.1 Definition of the Pressure Loss. The pressure
loss caused by an ASME venturi tube can be determined
by pressure measurements made prior and subsequent
to the installation of the venturi tube in a pipe through
which there is a given flow.

In Fig. 4-2, �p	 is the pressure difference measured
between a point at least 1D upstream from the upstream
end of the venturi and a point 6D downstream from the
downstream end of the venturi, prior to installation of
the venturi tube. �p� is the difference in pressure meas-
ured between the same pressure taps after installation
of the venturi. The pressure loss caused by the venturi
tube is given by �p� � �p	.

4-4.9.2 Relative Pressure Loss. The relative pressure
loss, �, is the ratio value of the pressure loss �p� � �p	
related to the differential pressure �p (hw):

(SI Units)

� � (4-5)

(U.S. Customary Units)

� �
�p� � �p	
��

hw

�p� � �p	
��

�p
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The relative pressure loss depends on
(a) the diameter ratio (� decreases when � increases)
(b) the Reynolds number (� decreases when RD in-

creases)
(c) the gross and fine geometry of the venturi tube,

e.g., angle of the divergent, manufacturing of the con-
vergent, surface finish of the different parts, etc. (� in-
creases when  and Ra/D increase)

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

For guidance, the relative value of the pressure loss can
be accepted as being generally between 5% and 20%.
Nonmandatory Appendix 4B also provides some infor-
mation on the effect of these different factors on the pres-
sure loss values.

4-5 INSTALLATION REQUIREMENTS

4-5.1 General

General installation requirements for pressure differ-
ential devices are contained in para. 1-6 of this Standard
and shall be followed in conjunction with the additional
installation requirements for venturi tubes given in this
section. The general requirements for flow conditions at
the primary device are given in para. 1-6.3 of this Stan-
dard. The requirements for use of a flow conditioner are
given in para. 1-6.4 of this Standard. For some com-
monly used fittings shown in Table 4-1, the minimum
straight lengths of pipe indicated shall be used. Detailed
requirements are given in para. 4-5.2.

4-5.2 Minimum Upstream and Downstream Straight

Pipe Length Requirements

(a) The minimum straight lengths of pipe to be in-
stalled upstream of the ASME venturi tube and follow-

ing the various fittings in the installation without flow
conditioners or straighteners are given in Table 4-1.

For devices with the same �, the lengths specified in
Table 4-1 for ASME venturi tubes are shorter than those
specified in Parts 2 and 3 of this Standard for orifice
plates, nozzles, and venturi nozzles. This is due to the
attenuation of flow nonuniformities taking place within
the contraction section of the ASME venturi tube.

(b) When a flow conditioner or straightener is not used,
the lengths specified in Table 4-1 must be regarded as the
minimum values. For research and calibration work, it is
recommended that the upstream values specified in Table
4-1 be increased as much as reasonably possible.

(c) When the straight lengths used are equal to or longer
than the values specified in each Column A of Table 4-1
for “zero additional uncertainty,” it is not necessary to in-
crease the uncertainty in discharge coefficient to take ac-
count of the effect of the particular installation. Although
termed “uncertainty” in this instance, using upstream
lengths shorter than those given each Column A of Table
3-3 will result in flow measurement bias errors. Further-
more, orientation of the pressure taps with respect to the
various fittings can affect the magnitude of the bias error.

(d) For a given fitting, when the upstream straight
length is greater than or equal to the “0.5% Additional
Uncertainty” value shown in each Column B of Table 
4-1 and shorter than the value corresponding to “Zero
Additional Uncertainty” (as shown in each Column A),
an additional uncertainty of 0.5% shall be added arith-
metically to the uncertainty in the discharge coefficient.
As detailed in para. 4-5.2(c), although termed “uncer-
tainty” in this instance, when using upstream straight
length greater than or equal to the value shown in each
Column B of Table 3-3 and shorter than the value cor-
responding to shown in each Column A of Table 3-3, a
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Fig. 4-2 Pressure Loss Across an ASME Venturi Tube
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flow measurement bias error less than 0.5% will be in-
troduced. Since both the direction (positive or negative)
and the magnitude of this error are specific to the in-
stallation in question, this Standard addresses this un-
known bias error as an increase in the uncertainty band.

(e) Part 4 of this Standard cannot be used to predict
the value of any additional uncertainty when the up-
stream straight length is shorter than the “0.5% Addi-
tional Uncertainty” values specified in each Column B of
Table 4-1, nor when the downstream straight length is
shorter than the value specified in Note (d) of Table 4-1.

( f) The valves included in Table 4-1 shall be set fully
open during the flow measurement process. It is rec-
ommended that control of the flow rate be achieved by
valves located downstream of the venturi tube. Isolat-
ing 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.

(g) Upstream valves that are bored to match the inside
diameter of the adjacent pipe and are designed in such a

manner that in the fully opened condition there are no
steps can be regarded as part of the upstream pipe length
and do not need to have added lengths as in Table 4-1.

(h) The values given in Table 4-1 were determined ex-
perimentally with fully developed and swirl-free flow
upstream of the subject fitting. Since in practice such con-
ditions are difficult to achieve, the following information
can be used as a guide for normal installation practice.

(1) If several fittings of the type covered by Table
4-1 (other than the combinations of 90 deg bends already
covered by this Table) are placed in series upstream of
the venturi tube, the following shall be applied:

(a) The minimum length criterion given in Table
4-1 must be adopted for the fitting immediately upstream
of the venturi tube (Fitting 1) and the venturi tube itself.

(b) Between Fitting 1 and the Next Fitting Farther From
the Venturi Tube (Fitting 2). Irrespective of the actual � of
the venturi tube used, a minimum straight length equal to
half the number of diameters given in Table 4-1 for a 0.7
diameter ratio venturi tube used in conjunction with Fit-
ting 2 must be included between Fittings 1 and 2.
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Table 4-1 Required Straight Lengths for Classical Venturi Tubes

Two or

More

90 deg

Bends

in Same Expander

Single or Reducer 0.67D to D Full Bore  

90 deg Different 1.33D to D Over Reducer Expander Ball or

Diameter Bend Planes Over Length Length 3D to D over 0.75D to D Over Gate Valve 

Ratio, � [Note (1)] [Note  (1)] of 2.3D of 2.5D Length of 3.5D Length of D Fully Open

1 2 3 4 5 6 7 8

A B A B A B A B A B A B A B

0.30 8 3 8 3 4 Note (2) 4 Note (2) 2.5 Note (2) 2.5 Note (2) 2.5 Note (2)
0.40 8 3 8 3 4 Note (2) 4 Note (2) 2.5 Note (2) 2.5 Note (2) 2.5 Note (2)
0.50 9 3 10 3 4 Note (2) 5 4 5.5 2.5 2.5 Note (2) 3.5 2.5
0.60 10 3 10 3 4 Note (2) 6 4 8.5 2.5 3.5 2.5 4.5 2.5
0.70 14 3 18 3 4 Note (2) 7 5 10.5 2.5 5.5 3.5 5.5 3.5
0.75 16 8 22 8 4 Note (2) 7 6 11.5 3.5 6.5 4.5 5.5 3.5

GENERAL NOTES:
(a) Values expressed as multiples of internal diameter D.

(b) The minimum straight lengths required are the lengths between various fittings located upstream of the classical Venturi tube 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.

(c) If temperature pockets or wells are installed upstream of the classical Venturi tube, they shall not exceed 0.13D in diameter and shall be
located at least 4D upstream of the upstream tapping plane of the Venturi tube.

(d) For downstream straight lengths, fittings or other disturbances (as indicated in this Table) or densitometer pockets situated at least four
throat diameters downstream of the throat pressure tapping plane do not affect the accuracy of the measurement (see paras. 4-5.2(c)
and 4-5.2(e)).

(e) Column A for each fitting gives lengths corresponding to “zero additional uncertainty” values (see para. 4-5.2(c)).
(f) Column B for each fitting gives lengths corresponding to “0.5% additional uncertainty” values (see para. 4-5.2(d)).

NOTES:
(1) The radius of curvature of the bend shall be greater than or equal to the pipe diameter.
(2) The straight length in each Column A gives zero additional uncertainty, data are not available for shorter straight lengths that could be

used to give the required straight lengths for each Column B.
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If either of the minimum straight lengths is selected
from each  Column B of Table 4-1, a 0.5% additional un-
certainty shall be added arithmetically to the discharge
coefficient uncertainty. If the length between two or
more consecutive 90 deg bends is less than 15D, these
shall be treated as a single fitting (two-bend combina-
tion) in accordance with Table 4-1, Column 1.

(c) If the upstream metering section has a full
bore valve preceded by another fitting, then the valve
can be installed at the outlet of the second fitting from
the primary device. The length between the valve and
the second fitting shall be added to the length between
the primary device and the first fitting, specified in Table
4-1 (Fig. 4-3). Paragraph 4-5.2(h)(2) must also be satis-
fied (as it is in Fig. 4-3).

(2) In addition to the rule in para. 4-5.2(h)(1), any
fitting (treating any two consecutive 90 deg bends as a
single fitting) must be located at a distance from the ven-
turi tube at least as great as that given in Table 4-1. This
is regardless of the number of fittings between the fit-
ting in question and the venturi tube.

The distance between the venturi tube and the fitting
shall be measured along the pipe axis. If the distance
meets this requirement using the number of diameters
in each Column B, but not that in each Column A, then
a 0.5% additional uncertainty shall be added arithmeti-
cally to the discharge coefficient uncertainty. This addi-
tional uncertainty shall not be added more than once
under the provisions of paras. 4-5.2(h)(1) and 4-5.2(h)(2).

(i) Two examples of the application of paras. 4-5.2(h)(1)
and 4-5.2(h)(2) are considered. In each case, the second
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4.5D

8D

3.5D

Venturi tubeNote (1) Note (2)

Venturi tubeNote (1) Note (2)

NOTES:
(1) Expander, 0.67D to D over a length of 2.5D.
(2) Full bore ball valve or gate valve fully open.

Fig. 4-3 Layout Including a Full Bore Valve for � � 0.6

fitting from the venturi tube is a two-bend combination
in perpendicular planes and the nozzle or venturi noz-
zle has diameter ratio 0.75.

EXAMPLES:
(1) If the first fitting is a full bore ball valve fully open (see Fig. 

4-4, sketch (a)), the distance between the valve and the venturi
tube must be at least 5.5D (from Table 4-1). Furthermore, between
the two-bend combination in perpendicular planes and the valve,
there must be at least 9.5D [from para. 4-5.2(h)(1)], and the dis-
tance between the two-bend combination in perpendicular planes
and the venturi tube, there must be at least 22D [from para. 
4-5.2(h)(2)]. If the valve has length 1D, an additional length of
6.5D is required. This length can be upstream, downstream, or
partly upstream and partly downstream of the valve. Paragraph
4-5.2(h)(1)(c) could also be used to move the valve to be adjacent
to the two-bend combination in perpendicular planes provided
that there is at least 22D from the two-bend combination in per-
pendicular planes to the venturi tube (see Fig. 4-4, sketch (b)).

(2) If the first fitting is an increaser from 0.67D to D over a length of
2.5D (see Fig. 4-4, sketch (c)), the distance between the increaser
and the venturi tube must be at least 7D (from Table 4-1). Fur-
thermore, between the two-bend combination in perpendicular
planes and the increaser, there must be at least 9.5 � 0.67D [from
para. 4-5.2(h)(1)], and the distance between the two-bend com-
bination in perpendicular planes and the venturi tube must be
at least 22D [from para. 4-5.2(h)(2)]. An additional length of 6.5D
is required. This length can be upstream, downstream, or partly
upstream and partly downstream of the increaser.

4-5.3 Flow Conditioners and Flow Straighteners

A flow conditioner can be used to reduce upstream
straight lengths. See paras. 1-6.4.1 and 1-6.4.2 of this
Standard for additional information.
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4-5.4 Additional Installation Requirements for 

ASME Venturi Tubes

4-5.4.1 Circularity of Pipe Cross-Section

(a) 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 measured di-
ameter of the pipe.

(b) The mean diameter of the pipe where it joins the
ASME venturi tube shall be within 1% of the ASME ven-
turi tube entrance cylinder diameter D, as defined in
para. 4-4.2.1.

(c) The diameter of the pipe immediately downstream
of the venturi tube shall not less be than 90% of the di-
ameter 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.

4-5.4.2 Roughness of the Upstream Pipe. The up-
stream pipe shall have a relative roughness of Ra/D �
3.2 (10�4) on a length at least equal to 2D measured up-
stream from the upstream pressure tap.

4-5.4.3 Alignment of the ASME Venturi Tube. The
offset or distance between the centerlines of the up-
stream pipe and of the venturi tube, as measured in
the connecting plane of the upstream pipe and en-
trance section A (see para. 4-4.2), shall be less than
0.005D. The angular alignment of the venturi tube cen-
terline with respect to the upstream pipe centerline
shall be better than 1 deg. The sum of the offset and
half the diameter deviation [see para. 4-5.4.1(b)] shall
be less than 7.5 (10�3)D. Mating flanges, therefore,
would require the bores to be matched and the flanges
aligned on installation. Dowels or self-centering gas-
kets could be used.

MEASUREMENT OF FLUID FLOW IN PIPES 
USING ORIFICE, NOZZLE, AND VENTURI ASME MFC-3M–2004
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GENERAL NOTE: See para. 4-5.2.9.

Fig. 4-4 Examples of Acceptable Installations

(9 � x)D (5.5 � y)D

(a) x � 0, y � 0, x � y � 6.5

D

(6 � x)D (7 � y)D

(c) x � 0, y � 0, x � y � 6.5

2.5D

� 21D

(b)

D

D
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NONMANDATORY APPENDIX 4A

TABLE OF EXPANSIBILITY FACTORS

Table 4A-1 Venturi Tubes: Expansibility Factor, � (Y)

Diameter Ratio Expansibility Factor, � (Y ), for p2/p1 Equal to

� �4 1.00 0.98 0.96 0.94 0.92 0.90 0.85 0.80 0.75

for � � 1.2

0.0000 0.0000 1.0000 0.9874 0.9748 0.9620 0.9491 0.9361 0.9029 0.8689 0.8340
0.5623 0.1000 1.0000 0.9856 0.9712 0.9568 0.9423 0.9278 0.8913 0.8543 0.8169
0.6687 0.2000 1.0000 0.9834 0.9669 0.9504 0.9341 0.9178 0.8773 0.8371 0.7970
0.7401 0.3000 1.0000 0.9805 0.9613 0.9424 0.9238 0.9053 0.8602 0.8163 0.7733
0.7953 0.4000 1.0000 0.9767 0.9541 0.9320 0.9105 0.8895 0.8390 0.7909 0.7448
0.8000 0.4096 1.0000 0.9763 0.9533 0.9309 0.9091 0.8878 0.8367 0.7882 0.7418

for � � 1.3

0.0000 0.0000 1.0000 0.9884 0.9767 0.9649 0.9529 0.9408 0.9100 0.8783 0.8457
0.5623 0.1000 1.0000 0.9867 0.9734 0.9600 0.9466 0.9331 0.8990 0.8645 0.8294
0.6687 0.2000 1.0000 0.9846 0.9693 0.9541 0.9389 0.9237 0.8859 0.8481 0.8102
0.7401 0.3000 1.0000 0.9820 0.9642 0.9466 0.9292 0.9120 0.8697 0.8283 0.7875
0.7953 0.4000 1.0000 0.9785 0.9575 0.9369 0.9168 0.8971 0.8495 0.8039 0.7599
0.8000 0.4096 1.0000 0.9781 0.9567 0.9358 0.9154 0.8955 0.8473 0.8013 0.7570

for � � 1.4

0.0000 0.0000 1.0000 0.9892 0.9783 0.9673 0.9562 0.9449 0.9162 0.8865 0.8558
0.5623 0.1000 1.0000 0.9877 0.9753 0.9628 0.9503 0.9377 0.9058 0.8733 0.8402
0.6687 0.2000 1.0000 0.9857 0.9715 0.9573 0.9430 0.9288 0.8933 0.8577 0.8219
0.7401 0.3000 1.0000 0.9832 0.9667 0.9503 0.9340 0.9178 0.8780 0.8388 0.8000
0.7953 0.4000 1.0000 0.9800 0.9604 0.9411 0.9223 0.9038 0.8588 0.8154 0.7733
0.8000 0.4096 1.0000 0.9796 0.9597 0.9401 0.9210 0.9022 0.8567 0.8129 0.7705

for � � 1.66

0.0000 0.0000 1.0000 0.9909 0.9817 0.9724 0.9629 0.9533 0.9288 0.9033 0.8768
0.5623 0.1000 1.0000 0.9896 0.9791 0.9685 0.9578 0.9471 0.9197 0.8917 0.8629
0.6687 0.2000 1.0000 0.9879 0.9759 0.9637 0.9516 0.9394 0.9088 0.8778 0.8464
0.7401 0.3000 1.0000 0.9858 0.9718 0.9577 0.9438 0.9299 0.8953 0.8609 0.8265
0.7953 0.4000 1.0000 0.9831 0.9664 0.9499 0.9336 0.9176 0.8782 0.8397 0.8020
0.8000 0.4096 1.0000 0.9827 0.9658 0.9490 0.9325 0.9162 0.8763 0.8374 0.7994

GENERAL NOTE: The values given are not intended for precise interpolation. Extrapolation is not permitted.
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NONMANDATORY APPENDIX 4B

ASME VENTURI METERS USED OUTSIDE THE 

SCOPE OF MFC-3M–2004

(a) When RD decreases below 2 (105), the discharge
coefficient C decreases and the uncertainty increases.

(b) When RD increases above 2 (106), the discharge co-
efficient does not appear to change with Reynolds num-
ber, nor does the uncertainty.

For an estimation of the flow rate, the values of the
discharge coefficient, C, and the attendant uncertainty,
are given Table 4B-1.

4B-3.3 ASME Venturi Tube With a Machined 

Convergent Section

The influence of the Reynolds number is as described
as follows:

(a) When RD decreases below 2 (105), it is often found
that there is a small increase in the discharge coefficient
C before there is a steady decrease with decreasing RD.
The uncertainty on C increases slowly at first and then
rapidly.

(b) When RD increases above 1 (106), the value of C
in the function of Reynolds number is not very pre-
dictable. Sometimes there is a slight increase in C with
increasing RD; sometimes there is a substantial but grad-
ual increase in C; and sometimes there is a substantial
and sudden increase in C with increasing RD.

It is believed that there is sufficient evidence available
to justify the statement that the discharge coefficient of
this type of venturi tube is a function of Rd (throat
Reynolds number) and not a function of RD (pipe
Reynolds number). The available data show that better
correlation is achieved in terms of Rd than in terms of RD.

For an estimation of the flow rate, the values of the
discharge coefficient, C, and the attendant uncertainty,
are given Table 4B-2.

4B-1 GENERAL

As indicated in para. 4-4.5.1 the effects of D, �, and
Ra/D on C are not yet sufficiently known to allow stan-
dardization outside the limits specified in this Standard.

The scope of this Appendix is to summarize the avail-
able data in order to allow an assessment of the rate of
flow. The data addresses the values and/or the direction
of variation of discharge coefficients and the uncertainties
are given in terms of the various parameters (�, RD, and
Ra/D). These various effects are dealt with separately, al-
though some results show that they are not independent.

In particular, the number of tests available on this sub-
ject is small, and these tests were mostly carried out on
venturi tubes whose geometry was not strictly in ac-
cordance with this Standard. As a result, the reliability
of the discharge coefficients and their attendant uncer-
tainties is relatively low.

4B-2 EFFECTS OF THE DIAMETER RATIO

From an examination of the results available for ven-
turi tubes with diameter ratios of approximately 0.75
and over, it has been noted that the scatter of measured
discharge coefficients is wider than for smaller diame-
ter ratios. An increase in the uncertainty on the dis-
charge coefficient, therefore, should be assumed.

In order to allow an assessment of the uncertainty on
the flow rate, it is recommended to double the uncer-
tainty on C when � is greater than the maximum per-
missible value.

4B-3 INFLUENCE OF PIPE REYNOLDS 
NUMBER, RD

4B-3.1 General

The influence of the Reynolds number RD varies ac-
cording to the type of ASME venturi tube. It is shown
by a variation in the discharge coefficient and by an in-
crease in the uncertainty.

4B-3.2 ASME Venturi Tube With an “As-Cast” 

Convergent Section

The influence of the Reynolds number is described as
follows:

Table 4B-1 Values and Uncertainties of the 
Discharge Coefficient in the Function of RD

Pipe Reynolds Discharge 

Number, RD Coefficient, C Uncertainty, %

4.0 (104) 0.957 
 2.5
6.0 (104) 0.966 
 2.0
1.0 (105) 0.976 
 1.5
1.5 (105) 0.982 
 1.0
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4B-3.4 ASME Venturi Tube With a Rough-Welded 

Convergent Section

The influence of the pipe Reynolds number is as de-
scribed as follows: When RD decreases below 2 (105), the
discharge coefficient decreases slightly while the uncer-
tainty on C increases.

Although there is less information on this type of ven-
turi tube, the values of the discharge coefficient and the
uncertainty, given as guidance in Table 4B-3, can be
used to estimate the rate of flow. The discharge coeffi-
cient does not appear to change when RD is greater than
2 (106). Over RD � 2 (106), it is advisable to take the un-
certainty as equal to 2%.

4B-3.5 ASME Venturi Tube With a Profile Defined 

as “As-Cast” Convergent Section, But With 

Machined Entrance and Convergent Sections

This venturi tube has the same geometric profile as
defined in para. 4-4.2.7, with the exception that the en-
trance section, A, and the convergent section, B, are ma-
chined so that they have a relative roughness Ra less
than both 5 (10�5)D and 15 	m (0.0006 in.). The pipe up-
stream of the meter entrance has the same roughness as
the entrance cylinder over a length of at least 2D up-
stream of the entrance cylinder.

In order to allow an assessment of the flow rate, val-
ues of the discharge coefficient and the uncertainty,
given as guidance in Table 4B-4, can be used.

4B-4 EFFECTS OF THE RELATIVE 
ROUGHNESS, Ra/D

4B-4.1 Roughness of the ASME Venturi Tube

An increase in the convergent section roughness low-
ers the value of the discharge coefficient, C. ASME ven-
turi tubes with a machined convergent section seem to
be more sensitive to this effect than ASME venturi tubes
with an “as-cast” or rough-welded convergent section.
The pressure loss of the venturi tube is also increased
by an increase in the roughness.

4B-4.2 Roughness of the Upstream Pipe

An increase in the roughness of the upstream pipe
produces an increase in the discharge coefficient C of
the ASME venturi tube. It appears that this effect be-
comes all the more marked as � increases.

Table 4B-2 Values and Uncertainties of 
Discharge Coefficient in the Function of Rd

Throat Reynolds Discharge Uncertainty, %

Number, Rd Coefficient, C [Note (1)]

5.0 (104) 0.970 
 3.0
1.0 (105) 0.977 
 2.5
2.0 (105) 0.992 
 2.5

3.0 (105) [Note (2)] 0.998 
 1.5
5.0 (105) to 1.0 (106) 0.995 
 1.0
1.0 (106) to 2.0 (106) 1.000 
 2.0
2.0 (106) to 1.0 (108) 1.010 
 3.0

NOTES:
(1) For low Rd, the scatter of the data does not result in a normal

(Gaussian) distribution.
(2) If � � 0.67, there is a difference between the values of discharge

coefficient and uncertainty for Rd � 3.0 (105) recommended in this
table and those in paras. 4-4.5.3 and 4-4.7.2.

Table 4B-3 Values and Uncertainties of the 
Discharge Coefficient in the Function of RD

Pipe Reynolds Discharge 

Number, RD Coefficient, C Uncertainty, %

4.0 (104) 0.96 
 3.0
6.0 (104) 0.97 
 2.5
1.0 (105) 0.98 
 2.5

Table 4B-4 Values and Uncertainties of 
Discharge Coefficient in the Function of RD

Pipe Reynolds Discharge 

Number, RD Coefficient, C Uncertainty, %

1.0 (104) 0.963 
 2.5
6.0 (104) 0.978 
 2.0
1.0 (105) 0.980 
 1.5
1.5 (105) 0.987 
 1.0

2.0 (105) to 5.0 (105) 0.992 
 1.0
5.0 (105) to 3.2 (106) 0.995 
 1.0
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NONMANDATORY APPENDIX 4C

PRESSURE LOSS IN ASME VENTURI METERS1

4C-1 MEAN VALUE OF THE PRESSURE LOSS AND
INFLUENCE OF THE RELATIVE ROUGHNESS

For a ASME venturi tube with a total angle of the
divergent section equal to 7 deg and a pipe Reynolds
number RD greater than 1 (106), the relative pressure
loss, � � (�p� � �p	)/�p [� � (�p� � �p	)/hw], gener-
ally lies in the hatched area shown on Fig. 4C-1, sketch
(a). The values of � close to the upper threshold of this
area are for the upper values of the relative roughness
Ra/D and, therefore, for a given manufacturing de-
sign, for the ASME venturi tubes whose diameters are
smallest.

4C-2 INFLUENCE OF THE REYNOLDS NUMBER

For a given venturi tube, the value of � decreases
when RD increases, and it seems to reach a limiting value
above approximately RD � 1 (106). Figure 4C-1, sketch

(b) gives an approximation of how the ratio of � to its
limiting values varies.

4C-3 INFLUENCE OF THE ANGLE OF THE 
DIVERGENT SECTION

The relative pressure loss increases with the angle of
the divergent section. Figure 4C-1, sketch (c) shows
(everything else being equal) the ratio of the values of
� for two venturi tubes having angles of the divergent
section  equal to 15 deg and 7 deg.

4C-4 INFLUENCE OF THE TRUNCATION

No precise indication is at present available on the
pressure loss of a truncated venturi tube. It is consid-
ered, however, that the length of the divergent section
can be reduced by about 35% with relatively small in-
crease in the pressure loss.

1 All values mentioned in this Appendix are given for guidance
only (see para. 4-4.9.2).
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Fig. 4C-1 Values of the Pressure Loss Across an ASME Venturi Tube
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