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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 nmiéthod
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 méastrement
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 Committée 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, howeyer, 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)inits 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 Aventie, 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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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 incorpprate’ changes
that appear necessary or desirable, as demonstrated by the experience gained frém-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 documientation.

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

The request for interpretation should be clear and unampiguous. 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-fequest 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 cohtain 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 prévide 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.

i
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ASME MFC-3M-2004

MEASUREMENT OF FLUID FLOW IN PIPES
USING ORIFICE, NOZZLE, AND VENTURI

Part 1

1-1f SCOPE AND APPLICATION

This Standard specifies the geometry and method of
use| (installation and operating conditions) for pressure
difflerential devices (including, but not limited to, orifice
plates, flow nozzles, and venturi tubes) when installed
in 4 closed conduit running full and used to determine
the|flow-rate of the fluid flowing in the conduit. This
Stapdard applies to pressure differential devices in
which the flow remains subsonic throughout the meas-
urifg section and where the fluid is considered as
single-phase. The Standard is limited to single-phase
Neyvtonian fluid flow in which the flow can be consid-
eredl sufficiently free from pulsation effects. It gives in-
forgnation for calculating the flow-rate and the associated
undertainty when each of these devices is used within
spefified limits of pipe size and Reynolds number.

is Standard covers flow meters that operate on\the
principle of a local change in flow velocity and /6 flow
parhmeters caused by meter geometry, resulting in a
corfesponding change of pressure between tivo set lo-
cations. Although there are several types of differential
prepsure meters available, it is the purpese of this Stan-
dar{ to address the applications,efieach meter and not
to gndorse any specific meter/The operating principle
of 4 pressure differential flow. eter is based on two
phyfsical laws: conservation,of energy and conservation
of thass, realized when ¢hanges in flow cross-sectional
areq and/or flow path result in a change of pressure.
Thip differential pressure, in turn, is a function of the
flow velocity, fluid path, and fluid properties.
Includedgyithin the scope of this Standard are devices
for [which\'direct calibration experiments have been
madle, sufficient in number and data coverage, to enable
valld systems of application to be based on their results

General

(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 pesition of the pressure taps
(1) ASME long radius nozzles
(2) Venturimozzles
(3) ISA1932 nozzles
(c) ASME venturi tubes (Part 4), also known §s Hers-
chel or classical venturi tubes
Patt'l of this Standard contains general matetial such
asdefinitions, symbols, and principles that apply fo all the
devices covered in Parts 2, 3, and 4 of this Standgrd with
respect to the flow measurement of any single phgse fluid.
This Standard does not apply to ASME Perf¢grmance
Test Code measurements. This Standard does|not ad-
dress those devices that operate on the principl¢ of crit-
ical or choked flow condition of fluids. This Standard
does not address issues of safety. It is the respopsibility
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 Sleel Pipe
ASME MEFC-1M, Glossary of Terms Used in the Mea-

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

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

nections for Pressure Signal Transmission Between

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:

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-
duits—Vocabulary and Symbols

ISO 4288, Geometrical Product Specification—Surface
Texture: Profile Method—Rules and Procedures for
the Assessment of Surface Texture

ISO 5167, Measurement of Fluid Flow by Means of Pres-
sure Differential Devices Inserted in Circular Cross-
Section Conduits Running Full

ISO 5168, Measurement of Fluid Flow—Evaluation of

MEASUREMENT OF FLUID FLOW IN PIPES
USING ORIFICE, NOZZLE, AND VENTURI

1-3.1 Pressure Measurement

differential pressure, Ap (hy,): 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, 7: the absolute static pressure at the low
pressure metering tap divided by the absolute static
pressure at the high pressure metering tap.

Unceftainties

ISO 8316, Measurement of Liquid Flow in Closed Con-
duitsi—Method by Collection of the Liquid in a Vol-
umettic Tank

ISO 9464, Guidelines for the Use of ISO 5167-1

Publishpr: International Organization for Standardiza-
tion (J[SO), 1 rue de Varemebe, Case Postale 56, CH-
1211, |Geneve 20, Switzerland /Suisse

Niazi, [A. and Thalayasingam, S., “Temperature
Changes Across Orifice Meters,” Proceedings of 19th
North) Sea Flow Measurement Workshop, Paper 13,
Norway, October 2001.

Reader{Harris, M.]., “Pipe Roughness and Reynolds
Numbper Limits for the Orifice Plate Discharge Coef-
ficient Equation,” Proceedings of 2nd International
Symposium on Fluid Flow Measurement, Calgary,
Canafgla, June 1990.

Reader{Harris, M.]., Sattary, J.A., and Spearman, E. P.,
“The |Orifice Plate Discharge Coefficient Equation,
Progress Report No. PR14: EUEC/17 (EEC005), East Kil-
bride] Glasgow, National Engineering Laboratory Ex-
ecutiye Agency, May 1992.

Schliching, H., Boundary Layer Theory, New  York,
McGiaw-Hill, 1960.

Shen, J.|.S., “Characterization of Swirling Flow~and its
Effects on Orifice Metering,” SPE 22865, Society of Pe-
troleym Engineers, 1991.

per o “Orifice Metef Installation Configurations with
and without Flow Conditioners,” American Petro-

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.

static pressure of a fluid flowing through a primary deticg, P:
pressure measured at a wall pressure tap in the.plang of
a differential pressure tap (only the value of the static pres-
sure is considered in the equations given in.tRis Standgrd).

wall pressure tap: annular slot or circular-hole drilledl 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 ¢an be an annular slot)

1-3.2 Primary Devices

diameter ratio of a pritary device used in a given pipe, B| ra-
tio of the diametereof the orifice, bore, or throat of|the
primary devigeto the internal diameter of the pipe[im-
mediately dpstfeam 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.@f the classical venturi tube), the diameter ratip is
thewratio of the throat diameter to the diameter of fhis
¢ylindrical section at the plane of the high pressure taps.

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

orifice plate: a plate, the thickness of which is smalll in
comparison to the diameter of the pipe in which it if in-
stalled, and that contains a circular aperture concerftric
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 dfam-
eter of the pipe into which it is installed. Standard orifice plates

are also described as “sharp square-edged” because the upstjeam
edge of the orifice is sharp and square.

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

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

id 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, R,:
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)] Sl Units Units
Cc Coefficient of discharge Dimensionless A ..
Cm,p Molar-heat capacity at constant pressure ML2T=2 91 mol~? J/(mol-K) BTU/(mol-°R)
Cp Heat capacity at constant pressure ML2T-269" 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 linstream internal nine diameter (entrance
diameter for classical venturi tube) at
flowing conditions L mm in.
H Enthalpy ML2T=2 mol~1 J/mol BIW/ma
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 = I/D Dimensionless
A Absolute static pressure of the fluid ML=1T—2 Pa |b¢/in.2
q Mass rate of flow MT1 kg/s lbm/s
q Volume rate of flow L3771 m3/s ft3/s
R Radius L m in.
R Arithmetical mean deviation
of the (roughness) profile L m in.
R Universal gas constant ML2T=2 9~ mol; ! J/(mol-K) BTU/(m¢l-°R)
R Reynolds number referred to D Dimensionless .. o
R Reynolds number referred to d Dimensionless, cee e
{ Temperature of the fluid 0 °C °F
Tl Absolute temperature of the fluid 0 K °R
Y Relative uncertainty Dimensionless
Mean axial velocity of the
fluid in the pipe LT m/s ft/s
4 Compressibility factor Dimensionless
A Diameter ratio, B = d/D Dimensionless
b Ratio of specific heat capacities [Note (2)] Dimensionless . o
B Absolute uncertainty [Note (3)] [Note (3)] [Note (3)]
Aphy) Differential pressure [Note (4)] ML=1T—2 Pa (in. Hy0) g, 7
Aw|(h) Pressure loss ML=1T=2 Pa Ib¢/in.2
e[v) Expansibility factor Dimensionless
K Isentropic exponent [Note'(2)] Dimensionless
Al Friction factor Dimensionless . .
M Absolute viscosity (of line fluid ML=1T2 Pas g cm/s2[Note (5)]
whr Joule-Thomson(coefficient ML=1T20 K/Pa °R/ Ib¢/ip.2
’ Kinematic viscosity of line fluid, v = u/p L2771 m?/s ft2/s
g Relative pressure loss Dimensionless e e
I Density_of the fluid mML3 kg/m3 b, /ft3
] PreSsure ratio Dimensionless .
o Total'angle of the divergent section Dimensionless
GENERAL NOTES:
(@ $ubscript\Ivfefers to conditions at upstream (high pressure) tap plane.
(b) Pubscript 2 refers to conditions at downstream (low pressure) tap plane.
NOTES?

(1) Fundamental dimensions: M = mass, L = length, T = time, 0 = temperature
(2) vy is the ratio of the specific heat capacity at constant pressure to the specific heat capacity at constant volume. For ideal gases, y and the

isentropic exponent, k 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 H,0)g, 1 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/s?, and the standard atmospheric pressure of 14.696
lb¢/in2 on top of the water. One (inches H,0)q, 1 = 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 by, /ft-s = 1 488.164 wcp.
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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, R, 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).

MEASUREMENT OF FLUID FLOW IN PIPES
USING ORIFICE, NOZZLE, AND VENTURI

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

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

(SI Units
__ Actualg, qm@
"~ Theoretical q,, % dz\/M (1-1)
(U.S. Cugtomary Units)
B Actual g,, _ Gm
Theoretical dur ) so070190d2 %

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

The fqumerical values of C given in this Standard"are
based ¢n experimental data. The uncertaintycin™the
value of C can be reduced by flow calibratioft in'an ap-
propriate flow calibration facility.

NOTE: The quantity [1/(1 — B*)°] is often-called the velocity of
approach factor and [C/(1 — B4°°] is sometimes referred to as the

flow coefficient.

expansilfility factor, & (Y): Coefficierit used to take into ac-
count the compressibility ©fythe fluid. It is a dimen-
sionless| value given by the‘equation:

Of the Reynolds number and, for a given diameter Tptio
of a given primary device, the expansibility factor|de-
pends only on the differential pressure, static\pressfire,
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 Venturitubes, they are bgsed
on isentropic expansion properties.

pressure to the corresponding relative variation in njass
density under reversible-and adiabatic transformation
conditions.

isentropic exponent, k: ratioof the relative Variaticl);r in
a

NOTE: The isentrQpic exponent appears in the different efjua-
tions for the expansibility factor and varies with the nature of the
gas and with it temperature and pressure. There are many gases
and vapors\fer which values of k have not been published, [par-
ticularly*over a wide range of pressure and temperature. In $uch
a case(for the purposes of this Standard, the ratio of the spdcific
heat\capacities of ideal gases can be used in place of the isentrppic
exponent.

Joule-Thomson coefficient, wr: isenthalpic temperatjire-

pressure coefficient that relates the rate of change of tpm-
perature with respect to pressure at constant enthalpy

oT RgTQ 0Z

HIT = 3 |, O BT BC,p OT )

where
T = absolute temperature

P = static pressure of a fluid flowing through|a
pipeline
H = enthalpy

R¢ = universal gas constant
Cp,p = molar-heat capacity at constant pressure

(SI Units Z = compressibility factor
g V1 — g rate of flow of fluid passing through a primary devic¢, q:
£=T n Cm (1-2) quantity of fluid (mass or volume) passing through a

4 cross section of a primary device per unit time.
(U.S. CusTommry CImiTs) NOFE—HraH—cases——isnecessary—to—state—exphettty—whether
mass flow rate units, g,, or volumetric flow rate units, g, are be-
y— Gm ing used.

0.0997019042C huwpy Reynolds number: dimensionless parameter expressing
. 1-p the ratio between the inertia and viscous forces. In this

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.

Standard, it is referred to either as
(a) the upstream condition of the fluid and the up-
stream diameter of the pipe

ViD 4q,,

Ro= 0 = b -4
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or

(b) the bore or throat diameter of the primary device
Rp

Ry = B (1'5)

1-4 PRINCIPLES OF THE METHOD OF
MEASUREMENT AND COMPUTATION

1-4.1 Principle of the Method of Measurement

ASME MFC-3M-2004

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

Tlhe 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-
vic¢ causes a pressure difference between the upstream
sid¢ and the throat or downstream side of the device.
Thq rate of flow can be determined from the measured
valtie of this pressure difference, from knowledge of the
chafacteristics of the flowing fluid, and the circum-
star[fces in which the device is being used.

Tlhe mass rate of flow can be determined since it is re-
lategd to the differential pressure within the uncertainty
lim|ts stated in this Standard, by the following equation:

(SI Units)
emd? C\/M
i vy )
(U.§. Customary Units)
wpr

= 2
qm = 0.09970190CYd 1-p°
Sjmilarly, the value of the volume rate of flow can be
calqulated, since

=" 1-7
=", (1-7)
where p is the fluid density at the temiperature and pres-
surg for which the volume is stated.

1-4{2 Method of Determination of the Diameter Ratio
of the Selected Standard Primary Device

ILpractice, when determining the diameter ratio of a
prifnary element-to be installed in a given pipeline, C
and & (Y) usedin-the basic Eq. (1-6) are, in general, not
kndwn. Herge the following shall be selected:

(4) thestypé of primary device to be used

(b) a‘rate of flow

(¢) corresponding value of the differential pressure.

Plilllaly devicescarrbeafurrctiorrof Rc_yuuldo mumber,
knowledge of the viscosity of the fluid at the<yvorking
conditions is necessary also. In the case ¢f\a“compress-
ible fluid, it is also necessary to know,the isentrppic ex-
ponent of the fluid at the working cenditions.

C may be dependent on Rp or Rg4/both of which are
dependent on g,,,. In such cases, the final value df C, and
therefore g,,, 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 cofrected for any expansion or contractipn of the
primary deviée/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 d¢nsity of
the fluid is acceptable if it does not interfere with{ the dis-
tribution of the flow at the measuring cross sectipn.

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

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

Where four pressure taps are interconnected| to pro-
vide pressure measurements, it is best that they|be con-

The related values of g,, and Ap (hy,) are then inserted
in the basic equation rewritten in the form:

(SI Units)

C«S‘Bz _ 4%11
V1-pg*t  @DV2App;

(U.S. Customary Units)

(1-8)

cyp* 49
V1-— B4 © wD?V hwpr

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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Direction
of flow

|

-—— -

S

A [Note (1)] ——
B [Note (1)] *J

NOTE:

Fig. 1-1

double [connection does not lead to any errors in the
measur¢ments.

1-4.44 Temperature

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

(b) The temperature of the fluid shall preferably“be
measur¢d 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 5P and 15D downstream and shallbe'in accordance
with thg values given in Parts 2, 3, or 4 of this Standard.

NOTE: I the case of a Venturi tube; this distance is measured
from the plane of the throat pressuretap. The pocket must also be
at least 2 downstream from thé downstream end of the diffuser
section.

Within the limits ef\this Standard, it can be assumed
that theldownstream and upstream temperatures of the
fluid ar¢ the sarfe at the differential pressure taps. If the
highest pccuraey'is required, the fluid is not an ideal gas,
and thefedsa/large pressure loss between the upstream

pressur: {-arﬁ and the hampnrnhn‘n sensation location

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

“Triple-T” Arrangement

(U.S. Customary Units)

AT = wyrh

Experimental work has shown that this is an appro-
priate method for orifice plates, but additional worfk 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 leafl to
additional uncertainty associated with the temperature
recovery factor. An isenthalpic expansion is assuthed
between the upstream pressure tap and the downstr¢am
temperature tap. This assumption is consistent with
there being an isentropic expansion between the jup-
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.

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, AT, can be
evaluated using the Joule-Thomson coefficient:

(SI Units)
AT = M]TAW (1-9)

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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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.

g phys1cally and thermally homogeneous and smgle-
phase. Colloidal solutions with a high degree of disper-
sion} can be considered to behave as single-phase fluids.
(¢) 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
kndw the isentropic exponent of the fluid at the work-
ing|conditions.

1-5/3 Flow Conditions

145.3.1 Pulsating Flow. This Standard does not
projide for the measurement of pulsating flow (see ISO
331 for reference). The flow is considered sufficiently
steddy for this Standard to apply when

(SI Units)
Ap;ms
Ty = 0.10 (1-10)
(U.§. Customary Units)
h'{t{)*rms -
—— =0.10
hIU

where

Ap (hy) = time-mean value of the differential
pressure

= root-mean-square value of Ap’ (hy),
the fluctyating component of the
pressuré

A p;,'ms (h év—rms)

Apims (Wip-rms) can béimeasured accurately only by us-
ing|a differential preéssure sensor with sufficiently fast
respponse (see ISOB3313 for reference). Furthermore, the
whple secondary system should conform to the design
recpmmenddtions specified in ASME MFC-8M.

1£5.3.2)" Phase Change of Metered Fluid. The uncer-
tairjties specified in this Standard are valid only when

ASME MFC-3M-2004

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, P»/P;) 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
essively.
For detalled 1nformat10n refer to Parts 2,3, or.ft of this
Standard as appropriate for specific primary)d¢vices.

1-6 INSTALLATION REQUIREMENTS
1-6.1 General

(a) The method of meastirement applies only to flu-
ids flowing through a pipeline of circular cross|section.
(b) The pipe shallrun‘full at the measurement| section.
(c) The primarydevice shall be fitted betwgen two
straight sections‘of cylindrical pipe of constan{ diame-
ter and of specified minimum lengths in which|there is
no obstruction or branch connection other thgn those
specifiéd’ in Parts 2, 3, or 4 of this Standard ag appro-
priateéfor 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 (= > deg) to the pipe itself. The minimum [straight
lengths of pipe conforming to the above requirement
necessary for a particular installation vary with fhe type
and specification of the primary device and th¢ nature
of the pipe fittings involved.
(d) The pipe bore shall be circular over the entfire min-
imum length of straight pipe required. The crosg section
can be considered circular if it appears so by v{sual in-
spection. The circularity of the outside of the pipe can
be used as a guide, except in the immediate vicirjity (2D)
of the primary device where special requirements shall
apply according to the type of primary device fised.
Seamed pipe can be used, provided the interal weld
bead is parallel to the pipe axis throughout the entire
length of the pipe required to satisfy the installgtion re-
quirements for the primary device being used. The seam
must not be situated within 30 deg of any presgure tap
used in conjunction with the primary device; fo weld

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 lig-
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

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, R, [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 R,, an averaging-type surface roughness instru-
ment with a cut-off value of not less than 0.75 mm (0.03

MEASUREMENT OF FLUID FLOW IN PIPES
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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.

in.) shal'be tsed. The roughness can change with time
as stateql in para. 1-5.1(b), and this should be taken into
accounf] in establishing the frequency of cleaning the
pipe or[checking the value of R,.

An approximate value of R, can be obtained by as-
suming|that R, is equal to k/m, where k is the uniform
equival¢gnt roughness as given in a Moody diagram. The
value offk is given directly by a pressure loss test of a sam-
ple length of pipe, using the Colebrook-White Equation
given irf para. 1-6.4.1(e) to calculate the value of k from
the meapured value of friction factor, . Approximate val-
ues of kffor different materials can also be obtained from
the varipus tables given in reference literature, and Table
1B-1 givles 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
entraindd fluids. There shall be no flow through either
drain hgles or vent holes, however, during the flow meas-
uremenf process. In many custody transfer applications,
drain h¢les or vent holes are explicitly prohibited.

Drair| and vent holes should not be located at the pri-
mary d¢vice. When it is not possible to conform to this
ent, the diameter of the vent or drain hole shall
an 8% of the pipe inside diameter. Thecenter-
pressure tap and the centerline of/a drain or

uthally (i.e., in the plane perpendicular to the
axis of the pipe) and they shall be locatéd no closer than
0.5D frgm each other.

(g) Insulation of the meter may bé required if the tem-
peratur¢ difference between-ambient conditions and the
flowing|fluid are significah \given the desired measure-
ment uhcertainty. Thigjis-particularly important if the
fluid bejng metered (is\near its critical point: small tem-
peratur¢ changes result in major density changes. It can
be impgrtant at low flow rates, where heat transfer ef-
cause' distorted temperature profiles, and a
change Inthetnean temperature value from the upstream

T-6.4, howWever, Ol ten permit the USe Of SIoTter upsigam
pipe lengths. Such flow conditioners must be installed
upstream of the primary device for fittings not'covgred
by paras. 2-5, 3-5, and 4-5 of this Standard,or where puf-
ficient straight lengths to achieve the desired level offun-
certainty are not available.

1-6.3 General Requirement for Flow Conditions at the
Primary Device

1-6.3.1 Requirement.~Jf the specified conditions
given in paras. 2-5, 3-5yand 4-5 of this Standard carnot
be met, but the flowyconditions immediately upstr¢am
of the primary_dévice can be demonstrated to conf¢rm
to swirl-free-fully developed flow (as defined in pafras.
1-6.3.2 and 1-6.3.3) over the entire Reynolds nunjber
range of the flow measurement application, the appli-
cablessections of this Standard remain valid.

1-6.3.2 Swirl-Free Conditions. Swirl-free conditfons
¢an be taken to exist when the swirl angle at all pojints
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 wlen,
at each point across the pipe cross-section, the ratip of
the local axial velocity to the maximum axial velocityy at
the cross-section is within 5% of that which would be
achieved in swirl-free flow at the same radial posifion
at a cross-section located at the end of a very long (qver
100D) straight length of similar pipe with fully dejel-
oped flow.

1-6.4 Flow Conditioners

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

1-6.4.1 Compliance Testing
(a) If a given flow conditioner passes the complignce

to the dUWllblICdlll bid@ Ol l.ilﬁ ITNECT Ui, ds We‘li dsS sStidl=
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

(1) 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

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)

ASME MFC-3M-2004

If it is desired to use the flow conditioner only for
Rp > 3(10%), it is sufficient to carry out the test in para.
1-6.4.1(e) at a single value of Rp > 3(10°).

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 Dsman and Diarge, then they shall meet the fol-

[3) downistream of a device producing a nigh swirl
aximum swirl angle across the pipe of 24 deg mea-
sur¢d 18D downstream from the device, or at least 20
deg 30D downstream from it).

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

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

(¢) Using a primary device of diameter ratio 0.4, the
shift in discharge coefficient from that obtained in a long
strgight pipe shall be less than 0.23% when the flow con-
ditipner is installed downstream of the same fitting that

ing|conducted, the baseline discharge coefficient for a
parficular primary device, as determirted" in a long
stright pipe by the test facility, shall lie Within the un-
cerfainty limits of the discharge coefficient (or discharge
coefficient equation) for an uncalibsated primary device
given by the applicable portions of this Standard. For
thege tests, the flow calibration’ facility must first verify
thafno swirl is present, then'’have sufficient straight pipe
upgtream of the primaty/device.

(¢) If the flow conditioner is to be acceptable at any
Reynolds number) then it is necessary to establish that
itnpt only meetsiparas. 1-6.4.1(b) and (c) at one Reynolds
nuthber, but that it meets para. 1-6.4.1(b) at a second
Reynolds number. If the two pipe Reynolds numbers
are[Rizow and Rynigh, then they shall meet the follow-

Towing criteria:
(1) Dgman = 110 mm (4 in.) (nominal)
(2) Diarge = 180 mm (8 in.) (nominal)
(f) The range of distances that are eonsidered during
the test between the flow conditionetand the primary
device, and the range of distances between the upstream
fitting and the flow conditioner,*will determing the ac-
ceptable ranges of distaneeswhen the flow ieter is
used. The distances shall be expressed in terms pf num-
bers of pipe diameters.
(g) If it is desired“fo carry out compliance tegting for
a flow conditioner(for use with primary elemefts with
B > 0.67, then (ib must be shown to meet the fequire-
ments of paras. 1-6.4.1(b) through (e). Then the|test de-
scribeddn‘paras. 1-6.4.1(b), (d), and (e) shall bq carried
out at\the maximum value of B over which th¢ condi-
tioher is to be used, Bmax. The permitted shiff in dis-
aharge coefficient is increased to (0.63Bmax — 0.1p2)%. In
the case outlined in para. 1-6.4.1(e),

0.00241Bmax — 0.000735

B max&5

ARi1ow) = AMRa-high) = (1-11)

Provided that the conditioner meets all the [compli-
ance tests outlined above, it has then passed the com-
pliance test for 8 = Bmax. The acceptable range$ of dis-
tances between the flow conditioner and the primary
device and between the upstream fitting and

1-6.4.2 Specific Test. If a compliance test
been carried out to permit the use of a flow co
downstream of any upstream fitting, it may bg neces-
sary to carry out a flow test specifically for the |nstalla-
tion in question. The test will be deemed satisfactory if
it shows that the shift in discharge coefficient fjom that
obtained in a long straight pipe is less than 0.2B%. The
permitted shift in discharge coefficient can be irjcreased
to (0.63 Bmax — 0.192)% for 0.67 < B = 0.75 (fof orifice
plates and venturi tubes) 067 < 8 = 080 (for flbw noz-

ing TITteTTar

(1) 10* = Ryjow = 10° and Rinigh = 100

(2) MRa1ow) = A(Ra-nigh) = 0.0036
where A is the pipe friction factor that can be obtained
graphically from the Moody diagram, or from the Cole-
brook-White equation

(Z_k 18.7 >
\/X = 1.74*210g10 D + RD\/)T

(1-10)

with k evaluated as 7R,,.

zles), or 0.67 < B = 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.
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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 absolufe or

MEASUREMENT OF FLUID FLOW IN PIPES
USING ORIFICE, NOZZLE, AND VENTURI

certainties in the value of 3, 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 &g, are, therefore, those of
the quantities C, ¢ (Y), d, D, Ap (hy), and p;.

The practical working equation for the uncertainty,

relative[terms and the result of the flow measurement
can thef be given in one of the following forms:

flow rate = g = &g
=q(1 = Uy
= g within (100 U)%

where the uncertainty 8g shall have the same dimen-
sions ag g while Uj = §q/q and is dimensionless.

(d) Aldistinction 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 ar¢ on the discharge coefficient and the expansibility
factor, £(Y) and occur because variations in geometry are
allowedf and because the investigations on which the val-
ues are pased were made with some uncertainty as well.

1-7.2 Practical Computation of the Uncertainty

(a) Tﬂ\e basic equation of computation of the mass
flow rate, gy, is

(SI Unitd
C

T
V1i-8t°¢ 4

tomary Units)

Im = dazv ZAppl (1-12)

(U.S. Cu

hwpl
- g
The vjarious quantities that\appear on the right-hand
side of this formula are notindependent, so it is not cor-
rect to Jompute the uncertainty of g, directly from the
uncertajnties of theSe)quantities. C, for instance, is a
function of d, D, Vv, and p;, while £ (Y) is a function
of d, D,|Ap (hy)»R/and «.
(1) |Formest practical purposes, however, it is suf-
ficient foassume that the uncertainties of C, £(Y), d,

gm = 0.09970190CYd?

qu, of the mass rate of tlow 1s as tollows:

(S Units)
| G (R
%1_[c T\ ) P\T— D
1
2 (20 L Lo g o o
+(1—B4><d)'*4<Ap) * 4\ )y } 42

(U.S. Customary Units)

[l o) T )
(2T e ey

In this<equation, some of the uncertainties, sucl as
those orthe discharge coefficient and expansibility ffac-
tor, afe 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 6C/C and of /&
(6Y/Y) shall be taken from the appropriate clausep of
this Standard.

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

(c) In Eq. (1-13), the maximum values of 6I}/D
and 8d/d can be adopted or alternately, the smallerfac-
tual values can be calculated by the user. (The maximum
value for 8D/D will not exceed 0.4% whereas the mpxi-
mum value for 6d/d will not exceed 0.1%.)

(d) The values of 6Ap/Ap (8hy/hy) and 6pq/p1
shall be determined by the user because this Standard
does not specify the method of measurement of |the

hat
ad-

Ap (hy,), and p7 are IMdepernctent of eaciy other-

(2) A practical working formula for 84, 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 B) 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-

10

qUarTtities Ap (i) and 0p1. 1 1e Uncertaimties i 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 ¢,
providing a level of confidence of approximately 95%,
the user-determined uncertainties must also be obtained
to provide the same level of confidence.
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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—i-d-3)-

A first guess, Xj, is introduced into the unknown
member and results in a difference, 81, between the two

mambare Harativza comunutatian anabhlac o cacan
= —+ v Pret guess,

ﬂ: the case for orifice plates, for instance, iterative
putations are always required to calculate

(4) the flow-rate g, at given values of w1, p1, D,
Ap (), and d

(b) the orifice diameter d and S at given values of u;,
p1, P, Ap (hy), and gy,

(¢) the differential pressure Ap (h,,) at given values of
w1, o1, D, and qm

(4) the diameters D and 4 at given values of w1, p1, 8,
Ap (1), and g,

Tlhe principle is to regroup all known values of the
basjc flow-rate equation:

(SI Vnits)

CO:

C 7
=Tt €4 ¢ V28m (1A-1)

(U.§. Customary Units)

h
Gm = 0.09970190CYd> \/%

and the unknown values in the other member. The
kndwn member is then the “invariant” of the problem.

Table 1A-1° Methods for Iterative Computation

X5, to be substituted to obtain 8,. Then X;, X3,|61, and
8, are entered into a linear algorithm that’cqmputes
X3...X,and 83 . . .5, until |5,] is smallér than|a given
value, or until two successive values\of X or pf § are
seen to be “equal” for a given precision.

An example of a linear algorithim with rapid[conver-
gence is

anl B Xn72

Xy = Xp-430n-1 81— 8y
n— n—

(1A-2)

If the computations are carried out using a pfogram-
mable calculatép, ‘the use of a linear algorithm freduces
only slightly( the resulting calculations by sufcessive
substitutions in the case of computations foungdl in ap-
plications relative to this part of this Standard.

Thevalues of d, D, and B to be introduced in the calcu-
lations are those prevailing under the working copditions.

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

Profjlem g= d= Ap = D=
At Gjven Values 1, p1.Dhd) Ap M1, p1, D, Gm, Ap 1, p1, D, d, Gm 1, p1, d, Gmy Af
Plegse Find gm.and-q, dand Ap D and d
Invaliant )= 8d? NV 28ppy A, = _MmRo A = 81 -8 (_gm \ A = “Sﬁz—qfﬂ\/mﬁpi
Y wDV1 - g > DV2App § P1 < Cnd? ) ‘ V1| g
R C&p? A R}
Iterdtion Equation TD =A; % =A, S—_F)z = A3 ?D =A,
Varigble in Li Algorith Xi=Rp=CA X*B—Z*& Xs=Ap=5"2A X, = Rp = VCA|
arigble In Linear /Atgorithm 1=RKRp~= 1 27\/1_—'347(: 3=Ap=¢& 3 4 = Rp =
X X X,2
Shra Ay — XoC. A A
- &
Predision-Criterion [Note (1)] " <1X107" ZT” <1X107" — <1X10™" — <|1 x 107"
First Guess C=C. C = 0.606 (Orifice plate) &=1 C=C.
C = 1 (Other primaries) D = D.. (if flange tap)
e=1
T X2 \0.25 4q
Second Guess an =7 w1DXq d= D(l +2X22) Ap = X5 [Note (2)] D= T:IX:.
q d
qv = e B=—+ d=pD
P1 D

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

11
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NONMANDATORY APPENDIX 1B
EXAMPLES OF VALUES OF PIPE WALL UNIFORM
EQUIVALENT ROUGHNESS, k

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 < 0.04 < 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.¢012
New, seamless, rolled 0.05 to 0.10 0:015 to 0.030 0.0006 to 0.g012
New, welded longitudinally 0.05 to 0.10 0.015 to 0.030 0.0006 to 0.4012
New, welded spirally 0.10 0.03 0.0012
Slightly rusted 0.10 to 020 0.03 to 0.06 0.0012 to 0.4024
Steel Rusty 0.20 t@'0.30 0.06 to 0.10 0.0024 to 0.9039
Encrusted 0.5Q%0 2 0.15 to 0.60 0.0059 to 0.9236
Heavy encrustation 2 > 0.6 > 0.0236
Bituminized, new 0.03 to 0.05 0.010 to 0.015 0.0004 to 0.9006
Bituminized, normal 0.10 to 0.20 0.03 to 0.06 0.0012 to 0.9024
Galvanized 0.13 0.04 0.0016
Cast Iron New 0.25 0.08 0.0031
Rusty 1.0to 1.5 0.3t0 0.5 0.0118 to 0.9197
Rust encrusted > 1.5 > 0.5 > 0.0197
Bituminized, new 0.03 to 0.05 0.010 to 0.015 0.0004 to 0.¢006
Asbestos [Cement New < 0.03 < 0.01 < 0.0004
Typical,dncoated 0.05 0.015 0.0006
GENERALINOTE: For this table, R, has been caleulated on the basis that R, = (k/m).

12
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NONMANDATORY APPENDIX 1C
FLOW CONDITIONERS AND FLOW STRAIGHTENERS

1C41 GENERAL

ow conditioners can be classified as either true flow
conditioners or flow straighteners. In this Standard, but
beyjond this Appendix, the term “flow conditioner” is
usefd to describe both true flow conditioners and flow
strdighteners.
Ipclusion in this Appendix does not imply that a flow
conditioner or flow straightener has passed the compli-
ancp test in para. 1-6.4.1 with any particular primary de-
vic¢ at any particular location.
Thhe descriptions of flow straighteners and flow condi-
tiorfers 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
dis¢harge coefficients obtained in a long straight pipe.

1C2 FLOW STRAIGHTENERS
1C

P.1 General Description

A flow straightener is a device that removes orsig-
nififantly reduces swirl, but may not simultaneously
profduce the flow conditions specified in pata: 1-6.3.3.
Thq tube bundle (see Fig. 1C-1), the Etoile (see Fig.
1CP), and the AMCA (see Fig. 1C-3).are’all examples
of flow straighteners.

1C-p.2 Examples

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

ere-shall be at least nineteen tubes. Their length

11 1 14 107

where l

Ap. = pressure loss across the flow straightemer 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 Etoile, “Straightener. The | Etoile
straightener (see Fig. 1C22),consists of eight radipl vanes
at equal angular spacing with a length equal fo twice
the diameter of the pipe (see Fig. 1C-4). The varjes shall
be as thin as ‘possible but shall provide afequate
strength. The pressure loss coefficient, K, for the Etoile
straighten@r 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 iy Figure
1C-3. The vanes shall be as thin as possible but slall pro-
vide adequate strength. The pressure loss cogfficient,
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 sign{ficantly
reducing swirl, will redistribute the velocity pfofile to
produce conditions close to those of para. 1-6.3]3.

Many flow conditioners either are or include fa perfo-
rated plate. Several such devices are now descfibed in
technical literature, and they are in general dasier to
manufacture, install, and accommodate than the tube
bundle flow straightener. They have the advantpge that
their thickness is typically around D/8 as comjpared to
a length of at least 2D for the tube bundle. Mgpreover,
since they can be drilled from the solid rather than fab-

Shcul L=4 1 slcatcl tllclll Ul C\iual w1y, VV}[CLC dt iD D} UVVIT
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:

Ap.

K=
1
~p2
ZP

1C-1)

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.
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Pipe wall
Note (1)
Note (2)
N 7%
% % y
Yor/ < ! \
d, <0.2D
NOTES:
(1) Tube wall thickness, <0.025D.
(2) Centering.spacer locations, typically four locations.
(3) Dy ='flow’straightener outside diameter, 0.95D = Dy = D.
(4) Length, L, of the tubes, 2D = L = 3D, as close to 2D as possible.

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,

14

=i . nlad
Fig161+—TFube Bundte Ftow-Straightener

L [Note (4)]

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.
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Thq
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are
of t

Fig. 1C-2 Etoile Straightener

holes should be chamfered at 45 deg on the up-
am side to reduce the pressure loss, and the total
W of the holes in each plate shall be greater than 40%
he cross-sectional area of the pipe. The ratio of plate

thidkness to hole diameter shall be at least 1 and the di-

am
(sed
T
tha
and
proj
T
diti
bev]

1
tior]

pter of the holes shall be less than or equal to 0.05D
Fig. 1C-5).

he three plates are held together by bars or studs
are located around the periphery of the pipe bore
should be as small a diameter as possible, but shall

vide the required strength.

he pressure loss coefficient, K, for the Sprenkle.¢on-

pner is approximately equal to 11 if there is a1 inlet

el, or 14 if there is no inlet bevel.

C-3.2.4 The Zanker Conditioner. The Zanker condi-
er consists of a perforated platezwith holes of cer-

GENERAL NOTES:

(@) For dy, hole diameter = 0%3QD; pitch circle diameter = 0.1
(b) For d5, hole diameter =-0.16D, pitch circle diameter = 0.4
(c) For ds, hole diameter = 0.12D, pitch circle diameter = 0.86
(d) The perforated platesthickness is 0.12D.

D, 4 holes.
D, 8 holes.
D, 16 holes.

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

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

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

hannels

a num-
shall be
trength.
OW con-

Zanker
opment
C-3.2.4.

—_—
|7 2
LT —
0.075D
N
1 |2 A
' N N
—_—
0.45D
—>| <—0.075D

Fig. 1C-3 AMCA Straightener
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%
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N 1T 11 -
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L Direction

of flow

_—

Perforated plates

The Zangker flow conditioner plate has the same distri-

bution
honeyc
ness ha
The Z
1C-7 an|
metrica

f holes in a plate but does not have the egg-box
mb attached to the plate; instead the plate thick-

b been increased to D/8.

anker flow conditioner plate is illustrated in"Fig.

d consists of 32 bored holes arranged inasym-
circular pattern. The dimensions of-the holes

are a function of the pipe inside diameter D.*The toler-

Fig. 1C-5 Sprenkle Flow Conditioner

—>| [&— d; <0.05D

ance on the diameter of each hole is = 0.1 mm (* 0
in.) for D < 100 mm (4 in.).

The perforated plate thickness, t,, is such that 0.121
t. = 0.15D. The flange thickness depends on the ap
cation; the outer diameter and flange face surfaces
pend on the flange type and application. The press
loss coefficient, K, for the Zanker flow conditioner p
is approximately equal to 3.

004

D =
pli-
de-
ure
late
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RIV?2
RI2V?2
Note (2)
18 deg,_}_\
ﬁo Note (1) — 30 Min
B
O
&
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; Ql 39
==
w| (00 o S
\O 8\8%&& Njte (3)
010 Aﬁon Néte (4)
of flow
N¢te (5)
— 11 deg, 40 min

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.

Fig. 1C-6 Zanker Flow Conditioner

Note (1)

g raay

QO

S
(TR
et
% "
B

S

S

SR ‘
O ,

|-8>< 11 deg, 40 min

Note (3)

Note (4)

Note (5)

D/8 —>

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-7 Zanker Flow Conditioner Plate
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Part 2
Orifice Plates

2-1 SCOPE AND FIELD OF APPLICATION

tioner Package,” Proceedings of 3rd International

Part 4 specifies the geometry and method of use (in-
stallatiogn and operating conditions) of orifice plates
when they are inserted in a conduit running full to de-
terminethe flow rate of the fluid flowing in the conduit.

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

The grimary device dealt with in Part 2 is an orifice
plate uged with flange pressure taps, with corner pres-
sure taffs, or with D and D/2 pressure taps. Other pres-
sure taps that have been used with orifice plates, such
as venafcontracta and pipe taps, are not covered by this
Standard. This Part applies only to a flow that remains
subsonif throughout the measuring section and is
steady ¢r varies only slowly with time and where the
fluid is fonsidered as single-phase. It does not apply to
the measurement of pulsating flow. It does not cover the
use of drifice 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

Nornfative references and definitions-used within this
t are contained in Part 1 of-this Standard as are
iated symbols, subscripts; and definitions. Refer-

Pulsafions on Flow=M#éasurement Instruments.

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

ISO/TH 51681998, Measurement of Fluid Flow —Eval-
uatiop of Uncertainties

SypostirontihridTHow M -San—Aqto-
nio, Texas, March 1995.
Karnik, U., Studzinski, W., Geerligs, ]J., and Kow<ch| R.,
“Scale up Tests on the NOVA Flow Conditioner| for
Orifice Meter Applications,” Proceedings of 4th|In-
ternational Symposium on Fluid FlowMeasurempnt,
Denver, Colorado, June 1999.
Morrow, T.B., “Metering Research Faeility Program Orjfice
Meter Installation Effects: Ten-Inch Sliding Flow Condi-
tioner Tests,” Technical Memerandum GRI Report No. GRI-
96/0391, Southwest Research Institute, November 1996.
Morrow, T.B. and Morkison, G.L., “Effect of Meter Tube
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Denver, Celorado, June 1999.
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Washington, D.C., April 2002.
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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.

Drocedure,” Flow Measirernment and InsITuimentation,
Jfine 2000: 79-87.

2-3] PRINCIPLES OF THE METHOD OF

MEASUREMENT AND COMPUTATION

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

(SI Ynits)

C

T
=Tt ¢4 T V2Ahm 2-1)

(U.§. Customary Units)

hwpr

1-p
Ap (hy) represents the differential pressure, as defined
in Ifart 1 of this Standard. The diameters d and"D men-
tiorjed in the equations are the values of the diameters
at the working conditions. Measurements taken at any
othpr conditions must be corrected for ariy possible ex-
parfsion or contraction of the primary device and the
pipp due to the temperature and pressure of the fluid
dugfing measurement.
Tlhe value of the volume\rate of flow can be simply
caldulated since

gm = 0.09970190CYd?

_

=", (2-2)

where
= fluid\deénsity at the temperature and pressure
for,which the volume is stated

Theluncertainty limits can be calculated using the pro-
(o} T

2-4.1 Description

orifice
the fol-
Fig. 2-1.

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

2-4.1.1 General Shape

(a) The part of the platesinside the pipe shall be cir-
cular and concentric witlythe pipe centerline. The faces
of the plate shall alwaysbe flat and parallel.

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

(c) Care shallbe taken in the design of the orifjce plate
and its instalation to ensure that plastic buckling and
elastic defermation of the plate, due to the majgnitude
of thé\differential pressure or of any other stfess, do
not:eause the slope of the straight line defined fin para.
274.1.2(a) to exceed 1% under working conditions.

<~—E

~<—— Downstream Fdce, B

Upstream Face, A—>V

Direction
of flow

#D| ¢d

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.

19

7,

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

MEASUREMENT OF FLUID FLOW IN PIPES
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(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 =25 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

diametdr of the plate (se€ Fig. 2-2) 1s less than [0.005(D —
d)/2], ip., the slope is less than 0.5%, when the orifice
plate is pxamined prior to insertion into the pipeline. As
can be geen from Fig. 2-2 the critical area is in the vicin-
ity of the orifice bore. The uncertainty requirements for
this dinjension can be met using feeler gauges.

(b) The upstream face of the orifice plate shall have a
roughngss criterion R, < 10™*d within a circle of diam-
eter noff less than D concentric with the orifice bore. If
in the wWorking conditions the plate does not fulfill the
specifiefl conditions, it shall be polished or cleaned to a
diametqr of at least D.

(c) Where possible, it is useful to provide a distinc-
tive mafk 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(4)].

(b) Although it may be convenient to manufacture the
orifice pllate with the same surface finish on each face, itis
unnecespary to provide the same high quality finish-for the
downstfeam 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 fnd 0.02D.

| Note~(N

Note (2)

TIOt D€ greater than U.001D. If D' < 200 im (7.875 111.)| the
difference between the values of E measured at any/ppint
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 thjck-
ness, e of the orifice, the plate shall be beveled on|the
downstream side. The beveled surface shall be finished
to a roughness R, < 107%d.
(b) The angle of bevel, Fshall be 45 deg * 15 deg

2-4.1.6 Edges, G, H,‘and /

(1) The upstreamedge, G shall not have wire-ed
burrs, or any peculiarities visible to the naked eye.

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

If d =25 mm (1 in.), this requirement can generplly
be considered as satisfied by visual inspection by che¢ck-
ing that the edge does not seem to reflect a beam of ljght
when viewed with the naked eye. If 4 <25 mm (1 |n.),
visual inspection is not sufficient. If there is any dqubt
as to whether this requirement is met, the edge radius
shall be measured.

(c) The upstream edge shall be square. It is considg
to be so when the angle between the orifice bore and|
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 requirem¢nts
for their quality are less stringent than those for edlge,
G. This being the case, small defects (e.g., a single mick
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 nofed,
this
b0.

e

bes,

red
the

be

Note (3) however, that the uncertainty statements given in

l Standard favor diameter ratios between 0.20 and 0.

2 — (b) The value, d of the diameter of the orifice sha
7\.‘ 1 /\ I\ taken as the mean of the measurements of at least four

ry
1 1 |

Straight edge Orifice

NOTES:

(1) Orifice plate outside diameter.
(2) Pipe inside diameter.

(3) Departure from flatness.

Fig. 2-2 Orifice Plate Flatness Measurement
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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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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

ASME MFC-3M-2004

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

l, =D =+0.1D

The spacing, I, of the downstream pressure tap is equal to
(1) I, =0.5D = 0.02D for B = 0.6
(2) I, =0.5D * 0.01D for B > 0.6

Both /1 and I, dimensions are measured from the up-

the[axis of the adjacent pipe. Lack ol concentricity is
cauped by the offset between the center of the bore and
the|center of the pipe. As stated in para. 2-5.3.3, this
Parf gives no information by which to predict the value
of gny additional uncertainty due to lack of concen-
tricjty.

2r4.1.8 Bidirectional Plates

(4) If the orifice plate is to be used for measuring
reverse flows, the additional requirements of paras.
2-411.8(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-
s for the upstream face given in para. 2-4.1.2.

(3) The thickness, E of the plate shall be equal to the
thigkness, e of the orifice specified in para. 2-4.1.4. Conse-
qugntly, it may be necessary to limit the differential pres-
sur¢ 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
parp. 2-4.1.6.

(§) For orifice plates with D and D/2 taps (see para.
2-4P), two sets of upstream and downstream pfessure
tap$ shall be provided and used according tothe direc-
tior} of the flow.

tior|

2r4.1.9 Material and Manufacture. The plate can be
mapufactured from any material and\in any way, pro-
vidpd that it is and remains in accordance with the fore-
goihg description during the flow measurements.

2 Pressure Taps

Hor each orifice plate, at least one upstream pressure tap
one downstream pressure tap shall be installed in one
e standardlecations: D and D/2, flange, or corner taps.
A singleofifice plate can be used with several sets of
prepsure taps suitable for different types of standard ori-
ficel metets. To avoid interference, multiple taps (either
up % 9AY S 0
deg. The location of th
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, | 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.

C U CLOUOW vc U C

e pressure taps characterizes the

21

stream face of the arifice Iﬂzfp

(b) For orifice plates with flange taps (seé\Hig. 2-3),
the spacing, [; of the upstream pressure tapisngminally
254 mm (1 in.) and is measured from the|upstrdam face
of the orifice plate.

The spacing (I3) of the downstream pressure tap is
nominally 25.4 mm (1.00 in.) anid is measured ffom the
downstream face of the orificé&\plate.

These upstream and dewnstream dimension:
I5) shall be within the following ranges:

(1) 254mm = @:;5mm, for 3 > 0.6and D <
(1.00 in. = 0.02 injfer B > 0.6 and D < 6 in.)

(2) 254 mmn£t 1 mm, for B =0.6 or B>
1000 mm =D =150 mm (1.00 in. = 0.04 in., fon
or 3>0.6and 40in. =D =6in.)

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

(d)"The hole on the inside wall of the pipe phall be
circular. The edges shall be flush with the integnal sur-
face of the pipe wall and as sharp as possible. T$ ensure
the elimination of all burrs or wire edges at tIe inner
edge, rounding is permitted, but shall have a radlius less
than one-tenth of the pressure tap diameter. Nq 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
ments specified in paras. 2-4.2.1(c) and (d) can be
by visual inspection.

(f) The diameter of pressure taps shall be 1
0.13D and less than 13 mm (0.5 in.). No restr]ction is
placed on the minimum diameter, which is det¢rmined
by the need to prevent blockage and to give satisfactory
dynamic performance. The upstream and dowhstream
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 inside wall of thf pipe.

i located

(l; and
150 mm

0.6 and
B=0.6

require-
judged

bss than

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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I

Note (3)

I, [Note (1)] [Note (2)]
Direction
of flow
—_—
I / Sl

NOTES:
1) 4, = D *=0.1D.
) L = 0.5D =+ 0.02D for 8 > 0.6.
= 0.5D * 0.01D for B > 0.6.
(3) D and D/2 pressure tap arrangement.
(4) Flange tap arrangement.

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

(b) The pressure taps can be either single taps\or an-
nular slts. Both types of taps can be located eitherin the
pipe or |ts flanges or in carrier rings as shown.ini Fig. 2-4.

(c) The diameter of a single tap and the width of an-
nular slpts are specified below. The minimum diameter
is determined in practice by the need-t0 prevent block-
age and to give satisfactory dynamic performance.

For clean fluids and gases

(1)]10.005D = a = 0.0312 for' 8 = 0.65
(2)]10.01D = a = 0.02D\for B > 0.65

If D 4 100 mm (4 irty),"a value of a up to 2 mm (0.08
in) is aqceptable forjany .

For any value’of\3

(3) [for clean”fluids: 1 mm (0.04 in.) <4 <10 mm
(0.40 in))
(4) |for gases, in the case of annular chambers: 1 mm

1, [Note (5)]

(5) L = 5= 25.4mm = 0.5 mm (1.00 in. = 0.02 in.) for 8 > 0.6 and D150 mm (6 in.)
25.4 mm = 1 mm (1.00 in. = 0.04 in.) for B = 0.6
25.4 mm = 1 mm (1.00 in. = 0.04 in.) for B > 0.6 and 150 mm = D < 1000 mm (6 in. = D = 40 in.)

L

Note (4)

<— I3 [Note (5)]

(e) If individual pressure taps are used, the centerfine
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 cenfter-
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 cylindgical
over a length of at least 2.5 times the internal diampter
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 pjpe,
to ensure that they do not protrude into the pipe, |but

(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 mm? (0.019 in.2).

shall be less than or equal to 1.04D. Furthermore, the
following condition shall be met:

b—D c
¢ —

0.
D XD X100="4717173p (2-3)

The lengths, ¢ and ¢’, 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, 4. The area of the cross
section of the annular chamber, gh, shall be greater than
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g9
Pressure taps —
N bj Carrier ring
P
7 EK i\k
h
% f
s
N
Note (1) b
Direction
f fl
o 4D| ¢d ) ) of flow
a
Note (2) ,
c c
B N
/ Orifice plate

«— da

@ =width of annular set
¢a"= diameter of sink top

b = inside diameter of carrier ring

¢ = length of upstream ring

¢’ = length of downstream ring

f = slot depth

¢ = annular chamber dimensions

h = annular chamber dimensions

s = distance from upstream step to carrier ring

¢; = chamber tap diameter

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

Fig. 2-4 Corner Taps
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Table 2-1 Maximum Value of 10* R,/D

Pipe Reynolds Number

B =104 3 (10%) 10° 3 (10°) 10° 3 (109 107 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

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 ffinish. The surface finish shall meet the pipe
roughngss requirements (see para. 2-4.3.1).

(h) The pressure taps connecting the annular chambers
to the sgcondary devices are pipe-wall taps, circular at the
point off 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
specifiefl in para. 2-5.4(b), the carrier ring being re-
garded ps 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 fobrmed 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 belused in accordance with Patt-2 under the fol-
lowing fonditions:
(a) For orifice plates with ¢orner or with D and D/2
pressurg taps
(1)|d = 12.5 mm (0.5.11v.)
(2)150 mm (2 in,) <P = 1 000 mm (40 in.)
(3)10.10 = B =0.75
(4) |Rp = 5000\or 0.10 = B = 0.56
(5) |Rp =1600082 for B > 0.56
(b) For okifice plates with flange taps
(1)|d £712.5 mm (0.5 in.)

termined from a database collected using\pipes whose
roughness is known. The limits on R,/D were dgter-
mined so that the shift in discharge _doefficient dug¢ to
using a pipe of a different roughriess will not be so gfeat
that the uncertainty value in para. 2-4.3.3.1 is no lor|ger
met. Information regardirigipipe roughness can| be
found in para. 1-6.1(e) of'this Standard.
The roughness shallimeet requirements given in|Ta-
bles 2-1 and 2-2 for10D upstream of the orifice plate.
The roughness requirements relate to the orifice fitfing
and the upstream pipe work. The downstream roygh-
ness is not as critical.
The reqliirements of this section are satisfied in either
of the following cases:
(1) 1 um (40 pin.) = R, = 6 um (240 win.), D =[150
mny (6 in.), 8 = 0.6 and Rp = 5 (107)
(2) 1.5 pm (60 pin.) =R, =6 um (240 pin.), P =

150 mm, 8 > 0.6 and Rp = 1.5 (107)
When D <150 mm (6 in.), it is necessary to calcufate
the maximum and minimum values of R, using Tables
2-1 and 2-2.
(d) If the line fluid is a gas, the pressure ratio (thfoat
pressure to upstream pressure ratio, P»/P1) shall be|be-
tween 0.80 and 1.00. If the fluid is a liquid, there i no
limit to the pressure ratio, provided there is no plase
change in the process fluid; the plate does not defllect
beyond that allowed in para. 2-4.1.2(a).
(e) The differential pressure does not exceed [250
kPaD (1,005 inches H,0).

2-4.3.2 Coefficients

2-4.3.2.1 Discharge Coefficient, C. The dischqrge
coefficient, C, is given by the Reader-Harris/Gallagher
(1998) equation.

(2) 50 mm (2 in.) = D = 1000 mm (40 in.)
(3) 010=8=0.75

(4) Rp =5000 and Rp = 17082D, (D, mm)
(5) Rp = 5000 and Rp = 431882D, (D, in.)

(c) The pipe internal roughness satisfies the follow-
ing: the value of the arithmetical mean deviation of the
roughness, R,, must be such that 10* R,/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-

Table 2-2 Minimum Value of 10* R,/D
(When Required)

Pipe Reynolds Number

B =3 (109) 107 3 (107) 108
= 0.50 0.0 0.0 0.0 0.0

0.60 0.0 0.0 0.003 0.004
=0.65 0.0 0.013 0.016 0.012
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1098 \o7
C = 0.5961 + 0.02618% — 0.21688 + 0.000521 Ry
D
6

100 o3
+ (0.0188 + 0.0063A)B3~5< ) + (0.043 + 0.080e™ 1011

Rp
B4
1-p4

— 0.123¢7h)(1 — 0.11A) — 0.031(Mb — 0.8M511)B13
(2-4)

When D < 71.12 mm (2.8 in.), the following term shall

ASME MFC-3M-2004

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 8, Rp, 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

be gadedto Eq- (22"
(SI {nits)
+0.011(0.75 — B)<2.8 - 257) (2-5)
(U.§. Customary Units)
+0.11(0.75 — B)(2.8 — D)
where

B =d/D
= diameter ratio
Rp = pipe Reynolds number
Ll = ll / D
= quotient of the distance of the upstream tap
from the upstream face of the plate and the
pipe diameter
> =15/D
= quotient of the distance of the downstream tap
from the downstream face of the plate, and the
pipe diameter (L3 denotes the reference of the,
downstream spacing from the downstream
face, while L, would denote the referencé of the
downstream spacing from the upstreaim face)

215
M = 1-8
190008 \os
()

The values of L; and L5 to be tised in this equation, when
the|dimensions are in accerdance with the requirements
of faras. 2-4.2.1(a) and\(b) or para. 2-4.2.2 are as follows:
(4) for Corner taps

computing the expansibility tactor, £(Y), s as ipllows:

P2]

e=1-(0.351 + 0.2568* + 0.93/38)[1 - (P—l)i] (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 P,/P{= 0.80.
Test results for the determination of £(Y) dre only
known for air, steam, and natutal gas. There is n¢ known
objection, however, to uSifig the same formula fpr other
gases for which the isentropic exponent is known.
Values of the expansibility factor as a functign of the
isentropic expofent, the pressure ratio, and thd diame-
ter ratio are given for convenience in Table 2A-1P. These
values aremot intended for precise interpolationfand ex-
trapolationis not permitted.

2-4;3.3 Uncertainties

2-4.3.3.1 Uncertainty of Discharge Coeffig

For all three tapping arrangements, when 3, Rp
R,/ D are assumed to be known without error,
tive uncertainty of the value of C is equal to

(a) £(0.7—-B)% for0.1=B<02

(b) =05% for0.2=B=0.6

(c) = (1.6678 — 0.5)% for 0.6 < B =< 0.75

Where D < 71.12 mm (2.8 in.), the following
uncertainty shall be added to the above values

D
)%

ient, C.
D, and
he rela-

relative

(SI Units)

(27)

+ 0.9(0.75 — B)(Z.B ~ 24

(U.S. Customary Units)
+0.9(0.75 — B)(2.8 — D)%

r,e(.

Li=12=0 Where 8 > 0.5 and Rp < 10 000, 0.5% shall bp added
(b) for Dawd D/2 taps to the above values.
L1 2-4.3.3.2 Uncertainty of Expansibility Fact
Llé 047 When B, Ap/p1, and k are assumed to be known with-

(c) for Flange taps
(1) for D, mm: L; = Ly = (25.4/D)
(2) for D, in.: Ly = Ly = (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 L; and L5 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

25

OUT €IT0T, the Terative uncertainty, /s, ot the value of
e(Y) is equal to

(SI Units)

+35 % (2-8)

Kp1
(U.S. Customary Units)
0.03606h,
+35 %

o
KpP1
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2-4.4 Pressure Loss, Aw (h)

(a) The pressure loss, Aw (h), for the orifice plates de-
scribed in Part 2 is approximately related to the differ-
ential pressure Ap (1) by the following equation:

(SI Units)

o VO
T =T g1 - ) + cgE AP

(29

MEASUREMENT OF FLUID FLOW IN PIPES
USING ORIFICE, NOZZLE, AND VENTURI

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-

(U.S. Cugtomary Units)

Vipio -
== pia-c)+cp

0.03606/1,,)

This gressure 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 appfoach impact pressure adjacent to the plate is still
negligible (approximately 1D upstream of the orifice
plate) apd 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-
proximgtely 6D downstream of the orifice plate).

(b) Ahother approximate value of Aw/Ap (h/hy) is
1— 31.9

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

VITEA-&  p
K= [ [é,z§2 ) _ 1] (2-10)
where K is defined by the following Eq. (2-11):
(SI Units
K= Az (2-11)
) mVi?
(U.S. Cugtomary Units)
K= h
1
3 piVA2
2-5 IILSTALLATION REQUIREMENTS
2-5.1 Gpneral
Genefgal installation requirements for pressure differ-
ential devices are contained in para. 1-6 of this Standard

stalled upstream and downstream of the orifice platq for
various fittings in the installation without flow _condi-
tioners are given in Table 2-3.
(b) When a flow conditioner is not usedj the lengths
specified in Table 2-3 must be regarded'ds the minimum
values. For research and calibration work, it is recpm-
mended that the upstream value§ specified in Table
2-3 be increased as much as reasonably possible.
(c) When the straight lengths used are equal tq
longer than the values specified in each Column A
General Note (d) of Table 2-3 for “zero additional jun-
certainty,” it is not nécessary to increase the uncertajnty
in discharge coefficient to take account of the effedt of
the particular installation. Although termed “unfer-
tainty” in this instance, using upstream lengths shoyter
than those.given in each Column A of Table 2-3 wil| re-
sult in flow measurement bias errors. Furthermore, Jori-
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 stra
length is greater than or equal to the “0.5% Additiq
Uncertainty” value shown in each Column B of Tablg
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 ajith-
metically to the uncertainty in the discharge coefficipnt.
As detailed in para. 2-5.2(c), although termed uncertajnty
in this instance, when using upstream straight lerjgth
greater than or equal to the value shown in each (ol-
umn B of Table 2-3 and shorter than the value copre-
sponding to shown in each Column A of Table 2-B, a
flow measurement bias error less than 0.5% will beq i
troduced. Since both the direction (positive or negat|
and the magnitude of this error are specific to the| i
stallation in question, this Standard addresses this jun-
known bias error as an increase in the uncertainty bgnd.
(e) Part 2 of this Standard cannot be used to preflict
the value of any additional uncertainty when the jup-

or
hnd

ght
nal
2-3

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
(asin para. 2-5.3), however, will permit the use of a shorter

26

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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Increaser Full bore ball or gate valve, Orifice plate
/ fully open \
y |
| 14D 14D |
I 1
Increaser Full bore ball or gate valve, Orifice plate
/ fully open \
y |
28D |

valves lpcated upstream of the orifice plate shall be fully
open, and these valves must be full bore. The valve
should pe fitted with stops for alignment of the ball or
gate in the open position.

(¢) Upstream valves that are bored to match the in-
side digmeter of the adjacent pipe and are designed in
such a anner that in the fully opened condition there
are no $teps, can be regarded as part of the upstream
pipe lenjgth and do not need to have added lengths(as
in Tabl¢ 2-3. Other valves should not be included. up-
stream ¢f the orifice plate. It is recommended-that con-
trol of the flow rate be achieved by valves locatéd down-
stream pf the orifice plate.

(h) The values given in Table 2-3 weredetermined ex-
perimerftally with fully developed and swirl-free flow up-
stream ¢f the subject fitting. Since-in practice such condi-
tions arg difficult to achieve, thefelowing information can
be used|as a guide for nornfaljinstallation practice.

(1) |If several fittings.of the type covered by Table
2-3 (other than the conibinations of 90 deg bends already
covered by this Table)/are placed in series upstream of
the oriffce plate/the following paragraphs shall apply.
() Between the fitting immediately upstream of
the orifife plate (Fitting 1) and the orifice plate itself, there
shall be|a ‘straight length at least equal to the minimum

Fig. 2-5 Layout Including a Full Bore Valve for B8 =0:6

lengths is selected from Column B, a 0.5% additionaljun-
certainty shiall be added arithmetically to the dischdrge
coefficienttincertainty.
(6)”1If the upstream metering section has a full ore
valyePreceded by another fitting, then the valve canp be
installed at the outlet of the Fitting 2 from the orifice plate.
The length between the valve and the Fitting 2 shal| be
added to the length between the orifice plate and the|Fit-
ting 1, specified in Table 2-3 (see also Fig. 2-5). Paragrpph
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 behds
as a single fitting) must be located at a distance from|the
orifice plate at least as great as that given in Table P-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 fitfing
shall be measured along the pipe axis. If the distqnce
meets this requirement using the number of diamefers
in each Column B but not that in each Column A, then
a 0.5% additional uncertainty shall be added arithnfeti-
cally to the discharge coefficient uncertainty. This agldi-
tional uncertainty shall not be added more than oncefun-
der the provisions of this paragraph and para. 2-5.2(h)(1).
(3) It is strongly recommended that a flow condi-

<

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 8 for
the orifice plate used. If either of the minimum straight

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.

28
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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-

ASME MFC-3M-2004

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

mof€, between the two-bend combination i perpen-
dicyilar 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
valye. 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 lgngth of 2D (see Fig. 2-6, sketch (c), the distance be-
twden the reducer and the orifice plate must be at least
5D [from Table 2-3) and that between the two-bend com-
binfition in perpendicular planes and the reducer must
be gt least 22 X 2D [from para. 2-5.2(h)(1)]; the distance
betjveen the two-bend combination in perpen-
dictyilar planes and the orifice plate must be at least 44D
[frogm para. 2-5.2(h)(2)]. So no additional length.is re-
quifed because of para. 2-5.2(h)(3).

(3) 1If the first fitting is an increaser from 0:5D to D
over a length of 2D (see Fig. 2-6, sketch (d))sthe distance
betyveen the increaser and the orifice plate must be at least
120} (from Table 2-3). Furthermore, between the two-bend
confbination in perpendicular planes and the increaser,
thefe must be at least 22 X 0.5D _Jfrom 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
441 [from para. 2-5.2(H)(2)]. So an additional length of 19D
is r¢quired. This length’can be upstream, downstream, or
parfly upstream(@nd partly downstream of the expander.

2-5]3 Flow.Conditioners

2}5.3:1)" General. A flow conditioner can be used to
redjce upstream straight lengths. See paras. 1-6.4.1 and

2-5.3.2.1 Description
2-5.3.2.1.1 Design. The 19-tube Jbundle flow
straightener shall consist of nineteen (19 tubes afranged
in a cylindrical pattern as shown in Fig. 2-7.
In order to reduce the swirl thdt"can occur lpetween
the exterior tubes of the tube bundle flow strajghtener
and the wall of the pipe, thesmaximum outsidd diame-
ter of the flow straightener;*Dy, must satisfy 0.95D =
Dy = D. The length, L, efthe tubes shall be betwyeen 2D
and 3D, preferably as ¢close to 2D as possible.
2-5.3.2.1.2 \Tubing of the 19-Tube Bundle Flow
Straightener. Itis necessary for all the tubes in fhe tube
bundle to be’of tniform smoothness, outer diampter and
wall thickness. The individual tube wall thickneps 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 s based
of 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 strajghtener
must be fabricated to withstand the loads to yhich 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 pqrallel to
the pipe axis. After being inserted in the pipe, the tube
bundle shall be securely fastened in place. Sedure fas-
tening, however, must not distort the tube bupdle as-
sembly with respect to symmetry within the pipe.
2-5.3.2.1.4 Pressure Loss. The pressure lpss coef-
ficient, K, for the 19-tube bundle flow straightenr is ap-
proximately equal to 0.75, where K is given by Egj. (2-12):

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.

29

Ap.
K="— (2-12)
2V
where
Ap, = pressure loss across the 19-tube bundle flow

straightener
V = mean axial velocity of the fluid in the pipe
p = the fluid density.
All units must be consistent.
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(22 + x)D D (12 + y)D

(a) x=0,y=0,x+y=9

Y |
\_/ |
D = 43D
|
(b)
\ |
/ 2D |
= 44D 2D = 5D d)D
|
(c)
0.5D
AN | D
(11 + x)D 2D (12 + y)D |
|

A x=0y=0x+y=19

Fig. 2-6 Examples of Acceptable Installations
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Minimized gap

Pipe wall

ASME MFC-3M-2004

Note (1)

Note (2)

NOTES:

(1) Tube wall thickness, < 0.025D.

(2) Centering spacer options, typically four locations.

(3) Dy = flow straightener outside diameter, 0.95 = Dy = D.

2-5.3.2.2 Installation Downstream of Any Fitting
(4) The 19-tube bundle flow straightener shown g
Fig| 2-7 can be used downstream of any upstream\fit-
ting with an orifice plate whose diameter ratio is067 or
smdller provided that it meets the manufactuting spec-
ificgtion in para. 2-5.3.2.1 and is installed injatcordance
with para. 2-5.3.2.2(b).
(§) The 19-tube bundle flow straightener shall be in-
stalled so that there is at least 30R between the orifice
plate and the upstream fitting./The’19-tube bundle flow
strafightener shall be installed 50 that the distance be-
twgen the downstream eyidyof the 19-tube bundle flow
straightener and the orifice plate is equal to 13D * 0.25D.
2-5.3.2.3 Additional Options

(4) A 19-tube bundle flow straightener can also be
usefd to reducethe'required upstream straight length in
situtions outside the situation described in para. 2-5.3.2.2.
Thq 19-tube-‘bundle flow straightener shall be as de-
scriped-in para. 2-5.3.2.1.
e(permissible locations for the 19-tube bundle flow

(4) Length, L, of the tubes, 2D = L = 3D, as close to 2D as possible.

Fig. 2-7 19-Tube Bundle Flow Straightener

L [Note (4)]

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

If, for a given upstream fitting, orifice plate diameter
ratio, and value of Ly, there is no location shown n Table
2-4 for a 19-tube bundle flow straightener, an |nstalla-
tion with this fitting, 8, and Ly is not recommerjded: an
increase in Ly and/or a reduction in 8 is necesspry.

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 ih accor-
dance with the values specified in each column A of
Table 2-4, and the downstream straight length fis in ac-
cordance with each column A of Table 2-3 for “fero ad-
ditional uncertainty,” it is not necessary to incrpase the
uncertainty in discharge coefficient to take acqdount of

straightener depend on Ly, 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 Ly:

(1) 30D > Ly=18D
(2) Ly=30D

31

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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“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

ASME MFC-3M-2004

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

1) the straight length between orilice plate and 19-
tubp bundle flow straightener is not in accordance with
the| value corresponding to “0.5% Additional Uncer-
tair|ty” 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-fube bundle flow straightener is not in accordance with
the alue corresponding to “Zero Additional Uncertainty”
shovn in each Column A of Table 2-4 and the downstream
strafight length is shorter than the “Zero Additional Un-
certpinty” value specified in each Column A of Table 2-3.
(@) In the metering system, upstream valves that are
borgd to match the adjacent pipe and are designed in such

Note (1)

[

Conditions are dilficult to achieve, there shail bq at least
15D of straight pipe between the fitting listed*jn Table
2-4 and the nearest fitting beyond that one, urjless the
columns relating to any fitting are used.

2-5.3.2.4 Example. If it is necessary to instdll a sin-
gle bend upstream of an orifice plate of diameter fatio 0.6,
there are two options using a 19-tube bundle flow ptraight-
ener that will reduce the upstrteam length in conpparison
to the 44D required (see Table 2-3) if no flow cor{ditioner
is used. One approach.is'to permit an installatipn 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 Histance
upstream of ,the single bend. Alternately, an insfallation
as in Table.2-4 is permissible (see Fig. 2-8, sketch (b)),
which gives a shorter straight length required down-

3D
2D 13D+ 0.25D

= 30D

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

Note (2)
Q
L
3D 13D
2D 12D
o
30D
18D
(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 descri i -

The Zanker Conditioner Plate shown in Fig. 2-9 meets
the comjpliance test requirements given in para. 1-6.4.1(b)
and 1-@4.1(c) of this Standard, provided it meets the
manufafturing 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 afranged in a symmetrical circular pattern. The
dimensjons of the holes are a function of the pipe inside
diametdr D. The tolerance on the diameter of each hole
is = 0.1l/mm (% 0.004 in.) for D < 100 mm (4 in.).

The perforated plate thickness, t., is such that 0.12D =
t. = 0.1$D. The flange thickness depends on the appli-
cation; the outer diameter and flange face surfaces de-
pend o1 the flange type and application.

Note (1)

S
et
IS

[
) N\ :

MEASUREMENT OF FLUID FLOW IN PIPES
USING ORIFICE, NOZZLE, AND VENTURI

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

(2-13)

V = mean axial velocity of the fluid in the-pipe

2-5.3.3.1 Installation. Provided that Lp= 18D, jit is
acceptable to install the Zanker Conditioner Plate so that
L, the distance between the dowmnstream face of |the
Zanker Conditioner Plate and the<orifice plate is such
that 7.5D = L; = (Ly — 8.5)D, provided that 8 = 0.67
This location is acceptable.dewnstream of any fittjng.
A wider range of locatigns-for the Zanker Conditigner
Plate is permissible if thé range of upstream fittings is
restricted, if the overall length between the upstream fit-
ting and the orifice plate is increased, or if the diampter
ratio of the orifice plate is decreased. The distance fo a
bend (or bend combination) or a tee is measured to|the
downstream end of the curved portion of the neares{ (or
only) bend or of the tee. The distance to a reducer orex-
pandeér is measured to the downstream end of the don-
ical*portion of the reducer or increaser.

-";“I%%@f%x,

%
S
\#

|-8>< 11 deg, 40 min

Note (3)

Note (4)

Note (5)

NOTES:

D/8 —>

(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. 2-9 Zanker Flow Conditioner Plate

34
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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-

ASME MFC-3M-2004

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

strdam of the upstream pressure tap. Ihe mean mnternal
diapneter shall be the arithmetic mean of measurements
of gt least twelve diameters: four diameters (positioned
at gpproximately equal angles to each other) and dis-
tributed in each of at least three cross sectional planes.
Thdse planes shall be evenly distributed over a length
of .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
megsured from the upstream edge of the carrier ring.
(¢) Beyond 2D from the orifice plate, the upstream
pipp run between the orifice plate and the first upstream
fitting or disturbance can be made up of one or more
secfions of pipe.

Between 2D and 10D from the orifice plate, no addi-
tiorfal uncertainty in the discharge coefficient is incurred
if tHe diameter step (the difference between the diameters)
betveen any two sections does not exceed 0.3% of the
megn value of D obtained from the measurements specis
fied in para. 2-5.4(b). Moreover, the actual step caused\By
misplignment 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
mafched and the flanges aligned on installation. Dowels
or delf-centering gaskets can be used.

Beyond 10D from the orifice plate; no additional un-
cerfainty in the discharge coefficient is involved pro-
vidpd that the diameter step (thedifference between the
diapneters) between any two Jsections does not exceed
2% |of the mean value of.D.obtained from the measure-
ments specified in pdrav2-5.4(b). Moreover, the actual
stepp caused by misalignment and/or change in diame-
ter nust not ex¢eed 2% of D at any point of the inter-
nalcircumferenee of the pipe. If the pipe diameter up-
strdam of theéstep is greater than that downstream of it,
the|permitted diameter and actual steps are increased
from 2% to 6% of D. On each 51de of the step, the pipe
shalthaveadiameterbe ‘

10D from the or1f1ce 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-

35

ON the diameter ratio of the oritice ptate, for exgmple, it
is 26D from the orifice plate if 8 = 0.6.

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

S
—+0.
D 5+ 04
AT (2-14)
AD
5 =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 limifts given
in the inequalities above, the installation is ng¢t 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 m¢re 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

in such
ace and

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

( b) The or1f1ce plate shall be perpendlcular to

the cen-

(c) The orifice plate shall be centered in the pipe. The
distance, e., 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.
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eq, the component in the direction parallel to the pres-
sure tap, shall for each pressure tap be such that

0.0025D

€= 01+ 238 (2-16)

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

MEASUREMENT OF FLUID FLOW IN PIPES
USING ORIFICE, NOZZLE, AND VENTURI

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.

free

0.005D 2-5.6 Method of Fixing and Gaskets
Cn= g7 4 o2gl (2-17)
S (a) The method of fixing and tightening shall be such
If for|Jone or more pressure taps that once the orifice plate has been installed inJ‘:he
proper position, it remains so. When holding)the orifice
0.0025D 0.005D (2-18)  plate between flanges, it is necessary, to allow for its

0.1+238% <%= 01+238

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

In thg case where for any pressure tap either

0.005D

e Or eqy > m (2-19)

thermal expansion and to avoid buckling-and distort]

(b) Gaskets or sealing rings shall' e made and|in-
serted in such a way that they dd¢ot protrude at pny
point inside the pipe or across the'pressure taps (or dlots
when corner taps are used). ey 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
the annular chamber rings, they shall not protrudg
side the annular 'chamber.

on.

hnd

in-

36
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Table 2A-1

TABLES OF DISCHARGE COEFFICIENTS AND
EXPANSIBILITY FACTORS

Orifice Plate With Corner Taps: Discharge Coefficient, C, for D = 71.12 mm (2.8 in.)

NONMANDATORY APPENDIX 2A

ASME MFC-3M-2004

Diart?@r
Ratio,

Discharge Coefficient, C, for Rp EquUat to

B 5 (103) 1(10% 2104 3109 5 (10%) 7 (10%) 1(10%) 3 (10°) 1 (109) 1(107) (209 ]
0.f1o 0.6006  0.5990  0.5980  0.5976  0.5972 0.5970 0.5969 0.5966  0.5965 0.5964%  0.5964 | 0.5964
0.2 0.6014  0.5995 0.5983 0.5979  0.5975 0.5973 0.5971 0.5968  0.5966  0.5965 0.5965 0.5965
014 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.fl6 0.6028  0.6005 0.5991 0.5985 0.5980  0.5978 0.5976 0.5971 0.5969 ¢ ,05968  0.5968 | 0.5968
018 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.po 0.6045 0.6017  0.6000  0.5993 0.5987  0.5984 0.5981 0.5976 05974  0.5972 0.5972 0.5971
0.p2 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.p4 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.p6 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.p8 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.p0 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.p2 0.6107  0.6063 0.6036  0.6026  0.6016  0.6011 0.60086, 0.5998  0.5993 0.5990  0.5988 | 0.5987
0.p4 0.6120  0.6073  0.6044  0.6033 0.6022 0.6017 0.6012 0.6003 0.5998  0.5993  0.5992 0.5991
0.6 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.p8 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  0.603% 0.6031 0.6019  0.6012 0.6006  0.6003 | 0.6001
0.2 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.k4 0.6207  0.6137  0.6094  0.6077  0.6061 0.6052 0.6045 0.6031 0.6022 0.6014  0.6011 0.6008
0.6 0.6228  0.6152 0.6106  0.6087  0.6070,\.0.6061 0.6053 0.6037  0.6027  0.6019  0.6015 0.6012
048 0.6251 0.6169  0.6118  0.6098  0.6079  0.6069 0.6061 0.6043  0.6033  0.6023 0.6019 | 0.6015
050 0.6276  0.6186  0.6131 0.6109 +(0.6088  0.6078 0.6069 0.6050  0.6038  0.6027  0.6022 0.6018
0p1 0.6289  0.6195 0.6138  0.6115,(0.6093 0.6082 0.6073 0.6053  0.6040  0.6029  0.6024 | 0.6019
0p2 0.6302 0.6204  0.6144  0.6121 0.6098  0.6087 0.6077 0.6056  0.6043  0.6030  0.6025 0.6020
063 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.p4 0.6330  0.6223 0.6158,.\0.6132 0.6108  0.6095 0.6084 0.6061 0.6047  0.6033 0.6027 | 0.6021
0.65 0.6344  0.6232 0.6165 0.6138  0.6112 0.6099 0.6088 0.6064  0.6049  0.6034  0.6028 | 0.6022
0.66 0.6242 0.6172 0.6143  0.6117  0.6103 0.6091 0.6066  0.6050  0.6035 0.6028 | 0.6022
0.p7 0.6252 06179  0.6149  0.6121 0.6107 0.6095 0.6069  0.6052 0.6036  0.6028 | 0.6022
0.68 0.6262 0.6185 0.6155 0.6126  0.6111 0.6098 0.6070  0.6053 0.6036  0.6028 | 0.6021
0p9 0.6272 0.6192 0.6160  0.6130  0.6114 0.6101 0.6072 0.6054  0.6036  0.6028 | 0.6020
0.0 0.6282 0.6198  0.6165 0.6134  0.6117 0.6103 0.6073  0.6054  0.6035 0.6027 | 0.6019
0p1 0.6292 0.6205 0.6170  0.6137  0.6120 0.6106 0.6074  0.6054  0.6034  0.6025 0.6017
02 0.6302 0.6211 0.6175 0.6140  0.6123 0.6108 0.6075  0.6054  0.6033 0.6023 0.6014
03 0.6312 0.6217  0.6179  0.6143 0.6125 0.6109 0.6075 0.6052 0.6030  0.6021 0.6011
0.p4 0.6321 0.6222 0.6183  0.6145 0.6126 0.6110 0.6074  0.6051 0.6028  0.6017 | 0.6007
065 0.6331 0.6227  0.6186  0.6147  0.6127 0.6110 0.6073  0.6048  0.6024  0.6013 0.6002
0k6 0.6340 0.6232 0.6189 0.6148 0.6128 06110 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 Discharge Coefficient, C, for Rp Equal to
Ratio,

B 5 (103) 1(10%) 2 (10%) 3 (104 5 (10%) 7 (10%) 1 (10%) 3 (10°%) 1 (109) 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 06029 0A004 05980 05082 (05977 (05074 05971 05967 05965 05963 05963 05963
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:$964
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.$965
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.$966
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.$968
0.28 0.6072 0.6034 0.6011 0.6002 0.5993 0.5989 0.5985 0.5978 0.5975 0.5972 015971 0.$970
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.$973
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.$975
0.34 0.6107 0.6060 0.6031 0.6020 0.6009 0.6004 0.5999 0.5990 0.5985 Q:5981 0.5979 0.$4978
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.$981
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.$985
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.$989
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.$993
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.%997
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 026072 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 06106 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.¢030
0.59 0.6277 0.6200 0.6169 06140 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.¢034
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 06202 0.6168 0.6150 0.6135 0.6102 0.6080 0.6058 0.6048 0.¢039
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.¢040
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.¢040
0.68 0.6398 0.6287 0.6243 0.6201 0.6179 0.6161 0.6120 0.6092 0.6065 0.6052 0.¢039
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.¢035
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 O-6486 06346 0-6285 0-6233 0-6266 0-6+82 0-6436 0-6655 06055 06042 06025
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 Discharge Coefficient, C, for Rp Equal to
Ratio,

B 5 (103) 1(10% 2 (109 3 (109 5 (10%) 7 (104 1(10°) 3 (10%) 1 (109) 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 06123 0A082  0A0S7  0A0AZ 06038 0 K034 0 6030 06022  0A018  0A015  0AO014 0.6013
0.2 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.B4 0.6143  0.6097  0.6068  0.6056  0.6045  0.6040 0.6035 0.6026  0.6021  0.6017  0.6016 | 0.6014
0.6 0.6155  0.6105  0.6074  0.6062  0.6050  0.6044 0.6039 0.6029  0.6023  0.6019 06017 | 0.6016
0.B8 0.6169  0.6115  0.6081  0.6068  0.6055  0.6049 0.6043 0.6032  0.6026  0.6021¢, 0.6019 | 0.6017
040 0.6184 0.6125 0.6089 0.6075 0.6061 0.6054 0.6048 0.6036 0.6029 0.6023 0.6021 0.6019
0.2 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.f4 0.6219  0.6150  0.6108  0.6091  0.6075  0.6067 0.6060 0.6045  0.6037, <, 06029  0.6026 | 0.6023
0J6 0.6239 0.6164 0.6119 0.6100 0.6083 0.6074 0.6067 0.6051 0.6041 0.6033 0.6029 0.6026
0.4:8 0.6260  0.6180  0.6130  0.6110  0.6092  0.6082 0.6074 0.6057 06046 0.6036  0.6032 | 0.6028
0.0 0.6284  0.6196  0.6143  0.6121  0.6101  0.6091 0.6082 0.6063 .%:0,6051  0.6040  0.6036 | 0.6031
0p1 0.6297  0.6205  0.6149  0.6127  0.6106  0.6095 0.6086 0.6066-_) 0.6054  0.6042  0.6037 | 0.6033
062 0.6310  0.6214  0.6156  0.6133  0.6111  0.6100 0.6090 0.6069  0.6056  0.6044  0.6039 | 0.6034
0.3 0.6324  0.6224  0.6163  0.6139  0.6116  0.6105 0.6094 06073  0.6059  0.6046  0.6041 | 0.6035
064 0.6338  0.6234  0.6171  0.6145 0.6122  0.6109 0.6099 0.6076  0.6062  0.6048  0.6042 | 0.6037
0.65 0.6352  0.6244  0.6178  0.6152  0.6127  0.6114 0.6103 0.6080  0.6065  0.6050  0.6044 | 0.6038
06 0.6367 0.6254 0.6186 0.6159 0.6133 0.6119 0.6108 0.6083 0.6067 0.6052 0.6045 0.6039
0p7 0.6383  0.6265 0.6194  0.6165 0.6138  0.6124 06112 0.6087  0.6070  0.6054  0.6047 | 0.6040
0p8 0.6399  0.6276  0.6202  0.6172  0.6144  0.6130 0.6117 0.6090  0.6073  0.6056  0.6048 | 0.6041
09 0.6416 0.6287 0.6210 0.6179 0.6150 0.6135 0.6122 0.6093 0.6075 0.6058 0.6050 0.6042
0.0 0.6433  0.6299  0.6218  0.6186  0.6155  0w6140 0.6126 0.6097  0.6078  0.6059  0.6051 | 0.6043
0p1 0.6450  0.6310  0.6227  0.6193  0.6161 (»,0.6145 0.6131 0.6100  0.6080  0.6060  0.6051 | 0.6043
02 0.6468  0.6322  0.6235  0.6200  0.6167\“ 0.6150 0.6135 0.6103  0.6082  0.6062  0.6052 | 0.6043
0.3 0.6486  0.6334  0.6243  0.6207  0.6173  0.6155 0.6139 0.6106  0.6084  0.6062  0.6053 | 0.6043
0.4 0.6505  0.6347  0.6252  0.6214 . (0.6178  0.6160 0.6144 0.6109  0.6086  0.6063  0.6053 | 0.6043
065 0.6524  0.6359  0.6260  0.6221\ 0.6184  0.6164 0.6148 0.6111  0.6088  0.6064  0.6053 | 0.6042
066 0.6544  0.6371  0.6269  0.6228  0.6189  0.6169 0.6152 0.6114  0.6089  0.6064  0.6052 | 0.6041
0p7 0.6564 0.6384 0.6277 0.6234 0.6194 0.6173 0.6155 0.6116 0.6090 0.6063 0.6051 0.6039
068 0.6584  0.6396  0.62854..0.6241  0.6199  0.6177 0.6158 0.6117  0.6090  0.6062  0.6050 | 0.6037
069 0.6604  0.6409  0.6293 ) 0.6247  0.6204  0.6181 0.6161 0.6119  0.6090  0.6061  0.6048 | 0.6035
0yo 0.6625  0.6421 _0.6301  0.6253  0.6208  0.6185 0.6164 0.6120  0.6090  0.6060  0.6045 | 0.6032
oy1 0.6646  0.6434,..50:6309  0.6259  0.6212  0.6188 0.6166 0.6120  0.6089  0.6057  0.6043 | 0.6028
02 0.6667  0.6446\._ 0.6316  0.6265  0.6216  0.6190 0.6168 0.6120  0.6088  0.6055  0.6039 | 0.6024
oy3 0.6689  0.6459  0.6323  0.6270  0.6219  0.6193 0.6170 0.6120  0.6086  0.6051  0.6035| 0.6019
oy4 0.6710 06471  0.6330  0.6275  0.6222  0.6195 0.6171 0.6119  0.6084  0.6047  0.6030 | 0.6014
05 0.6732~X0.6483  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 pprmitted.
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Table 2A-4 Orifice Plate With Flange Taps: Discharge Coefficient, C, for D = 75 mm (3 in.)

Diameter Discharge Coefficient, C, for Rp Equal to
Ratio,

B 5 (103) 1(10% 2 (109 3 (109 5 (10%) 7 (104 1(10°) 3 (10%) 1 (109) 1(107) 1(10%) o
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 06016 05998 05990 (05984 0 5980 05977 05972 0 5969 0 5967 05967 05966
0.24 0.6054 0.6022 0.6002 0.5994 0.5987 0.5983 0.5980 0.5974 0.5971 0.5969 0.5969  10,$968
0.26 0.6064 0.6029 0.6007 0.5999 0.5991 0.5987 0.5984 0.5977  0.5974 0.5971 0.5970.1_0.%970
0.28 0.6074 0.6036 0.6013 0.6004 0.5995 0.5991 0.5987 0.5980 0.5976 0.5974 0.597%3 0.$972
0.30 0.6084 0.6044 0.6019  0.6009 0.6000 0.5995 0.5991 0.5984 0.5979 0.5976 0.5975 0.4974
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.%977
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.$980
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.$983
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.$986
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.$990
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.%994
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.$998
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.¢002
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.¢006
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.¢011
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.¢013
0.52 0.6292 0.6196 0.6138  0.6114 0.6092 0.6081 0.6071 0.6050 0.6037 0.6025 0.6020  0.4015
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.¢017
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.¢019
0.55 0.6336 0.6227 0.6161 0.6135 0.6110 0.6097 0.6086 0.6062 0.6047 0.6033 0.6027  0.021
0.56 0.6352 0.6238 0.6170  0.6142 0.6116 0.6103 0.6091 0.6066 0.6051 0.6035 0.6029  0.4022
0.57 0.6368 0.6249  0.6178 0.6149 0.6122 0.6208 0.6096 0.6070  0.6054 0.6038 0.6031 0.¢024
0.58 0.6385 0.6261 0.6186  0.6156 0.6128 0.6114 0.6101 0.6074 0.6057 0.6040  0.6032 0.4025
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.¢026
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 06146 0.6130 0.6116 0.6085 0.6065 0.6045 0.6036  0.$028
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.¢028
0.63 0.6321 0.6229  0.6193 0.6158 0.6140 0.6125 0.6091 0.6069 0.6048 0.6038 0.4028
0.64 0.6333 0.6238 046200 0.6164 0.6145 0.6129 0.6094 0.6071 0.6048 0.6038 0.4028
0.65 0.6346  0.6246 7~ 106207 0.6169 0.6150 0.6133 0.6097 0.6073 0.6049  0.6038 0.¢027
0.66 0.6358 0.6255 0.6213 0.6174 0.6154 0.6137 0.6099  0.6074 0.6048 0.6037  0.¢026
0.67 0.6370 0.,6263 0.6220 0.6179 0.6158 0.6140 0.6100  0.6074 0.6048 0.6036  0.$024
0.68 0.6382 06270  0.6226  0.6184 0.6162 0.6143 0.6102 0.6074 0.6046 0.6034 0.¢021
0.69 0.6395 0.6278  0.6232 0.6188 0.6165 0.6145 0.6102 0.6074 0.6045 0.6031 0.¢018
0.70 0.6407 0.6285 0.6237 0.6191 0.6168 0.6147 0.6102 0.6073 0.6042 0.6028 0.¢014
0.71 0.6418 0.6292 0.6242 0.6194 0.6170 0.6148 0.6102 0.6071 0.6039 0.6024 0.¢010
0.72 0.6430  0.6298  0.6246 0.6197 0.6171 0.6149 0.6101 0.6068 0.6035 0.6019  0.¢004
0.73 0.6441 0.6304  0.6250 0.6199 0.6172 0.6149 0.6099 0.6065 0.6030 0.6014 0.$998
0.74 0.6451 0.6310  0.6253 0.6200 0.6173 0.6149 0.6096 0.6061 0.6025 0.6008 0.$991
0.75 0.6462 0.6314  0.6256 0.6201 0.6172 0.6147 0.6093 0.6056 0.6018 0.6000  0.$983

GENERAL NUTE:This table 1s given for convenience. The values given are not mtended for precise mterpolation and extrapolation 1s not permitted.
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NONMANDATORY APPENDIX 2A

Table 2A-5 Orifice Plate With Flange Taps: Discharge Coefficient, C, for D = 100 mm (4 in.)

ASME MFC-3M-2004

Diameter Discharge Coefficient, C, for Rp Equal to
Ratio,

B 5 (103) 1(10%) 2 (10%) 3 (10%) 5 (10%) 7 (104 1 (10%) 3 (10°%) 1 (109) 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.p0 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.p2 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.p4 0.6056 0.6024 0.6004 0.5996 0.5988 0.5985 0.5982 0.5976 0.5973 0.5970 05970 0.5969
0.pé6 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.p8 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.p0 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.p2 0.6098 0.6054 0.6028 0.6017 0.6007 0.6002 0.5998 0.5989 0.5985, 075981 0.5980 0.5979
0.4 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.p6 0.6125 0.6075 0.6043 0.6031 0.6019 0.6013 0.6008 0.5998 05993 0.5988 0.5986 0.5985
0.p8 0.6141 0.6086 0.6052 0.6039 0.6026 0.6020 0.6015 0.6004 0:5997 0.5992 0.5990 0.5988
0.0 0.6157 0.6099 0.6062 0.6048 0.6034 0.6027 0.6021 0.6009 0.6002 0.5996 0.5994 0.5992
0.2 0.6176 0.6112 0.6073 0.6057 0.6042 0.6035 0.6029 0.6015 0.6008 0.6001 0.5998 0.5996
0.4 0.6196 0.6127 0.6084 0.6067 0.6051 0.6043 0.6036 Q76022 0.6013 0.6005 0.6002 0.6000
0.6 0.6217 0.6142 0.6097 0.6078 0.6061 0.6052 0.6044 0.6029 0.6019 0.6010 0.6007 0.6003
048 0.6241 0.6159 0.6110 0.6090 0.6071 0.6061 0.6053 0.6036 0.6025 0.6015 0.6011 0.6007
0.0 0.6266 0.6177 0.6124 0.6102 0.6081 0.6071 0.6062 0.6043 0.6031 0.6020 0.6016 0.6011
0p1 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.p2 0.6293 0.6197 0.6138 0.6115 0.6092 0.6081 0.6071 0.6051 0.6038 0.6025 0.6020 0.6015
0.3 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.p4 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.p5 0.6227 0.6161 0.6135 0.6109 0.6097 0.6085 0.6062 0.6047 0.6032 0.6026 0.6020
0.p6 0.6238 0.6169 0.6141 0.6115 0.6102 0.6090 0.6065 0.6050 0.6034 0.6028 0.6021
0.p7 0.6249 0.6177 0.6148 0.6121 0.6107 0.6095 0.6069 0.6052 0.6036 0.6029 0.6022
0.p8 0.6260 0.6185 0.6155 0.6127 0.6112 0.6100 0.6072 0.6055 0.6038 0.6031 0.6023
0.p9 0.6271 0.6193 0.6162 0.6132 0.6117 0.6104 0.6076 0.6058 0.6040 0.6032 0.6024
0.0 0.6283 0.6201 0.6169 0.6138 0.6122 0.6108 0.6079 0.6060 0.6041 0.6033 0.6025
0p1 0.6294 0.6209 0.6176 0.6143 0.6127 0.6113 0.6082 0.6062 0.6042 0.6033 0.6025
0.2 0.6306 0.6218 0.6182 0.6149 0.6132 0.6117 0.6085 0.6064 0.6043 0.6033 0.6024
0.3 0.6318 0.6226 0.6189 0.6154 0.6136 0.6120 0.6087 0.6065 0.6043 0.6033 0.6024
0.p4 0.6329 0.6233 0.6195 0.6159 0.6140 0.6124 0.6089 0.6066 0.6043 0.6033 0.6022
0.5 0.6341 0/6241 0.6201 0.6163 0.6144 0.6127 0.6091 0.6067 0.6042 0.6031 0.6021
0.6 0.6353 0.6249 0.6207 0.6168 0.6148 0.6130 0.6092 0.6067 0.6041 0.6030 0.6019
0.p7 0.6364 0.6256 0.6212 0.6172 0.6151 0.6132 0.6092 0.6066 0.6040 0.6028 0.6016
0.8 06375 0.6263 0.6218 0.6175 0.6153 0.6134 0.6093 0.6065 0.6037 0.6025 0.6012
0.9 0.6387 0.6269 0.6222 0.6178 0.6155 0.6135 0.6092 0.6063 0.6034 0.6021 0.6008
0Jyo 0.6397 0.6275 0.6226 0.6180 0.6157 0.6136 0.6091 0.6061 0.6031 0.6016 0.6003
oy1 0.6408 0.6280 0.6230 0.6182 0.6157 0.6136 0.6089 0.6058 0.6026 0.6011 0.5997
02 0.6418 0.6285 0.6233 0.6183 0.6157 0.6135 0.6086 0.6054 0.6020 0.6005 0.5990
oy3 0.6428 0.6290 0.6235 0.6183 0.6157 0.6133 0.6083 0.6049 0.6014 0.5998 0.5982
o4 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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ASME MFC-3M-2004

Table 2A-6 Orifice Plate With Flange Taps: Discharge Coefficient, C, for D = 150 mm (6 in.)

NONMANDATORY APPENDIX 2A

Diameter Discharge Coefficient, C, for Rp Equal to
Ratio,

B 5 (103) 1(10%) 2 (10%) 3 (10%) 5 (10%) 7 (104 1 (10%) 3 (10°%) 1 (109) 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 06033 0A007 05992 05ORG 05080 05977 05975 05970 05968 05967 05966 05966
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:$967
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.$969
0.24 0.6057 0.6025 0.6005 0.5997 0.5990 0.5986 0.5983 0.5977 0.5974 0.5972 0.5971 0.4971
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.$973
0.28 0.6077 0.6039 0.6016 0.6007 0.5998 0.5994 0.5991 0.5984 0.5980 0.5977 015976 0.$975
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.$978
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.$981
0.34 0.6113 0.6066 0.6037 0.6026 0.6015 0.6009 0.6005 0.5996 0.5990 Q:5986 0.5985 0.$984
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.$987
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.$990
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.$994
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.$997
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.¢001
0.46 0.6144 0.6098 0.6079 0.6062 0.6053 0.6046 0:6030 0.6020 0.6011 0.6008 0.¢005
0.48 0.6160 0.6111 0.6091 0.6072 0.6062 0.6054 0.6036 0.6026 0.6016 0.6012 0.¢008
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 026071 0.6050 0.6037 0.6025 0.6020 0.¢015
0.53 0.6206 0.6145 0.6121 0.6097 0.6086 0.6075 0.6054 0.6040 0.6027 0.6021 0.¢016
0.54 0.6216 0.6153 0.6127 0.6103 0.6090. 0.6080 0.6057 0.6042 0.6029 0.6023 0.¢017
0.55 0.6226 0.6160 0.6133 0.6108 0:6095 0.6084 0.6060 0.6045 0.6031 0.6024 0.¢018
0.56 0.6237 0.6167 0.6140 0.6113 06100 0.6088 0.6063 0.6047 0.6032 0.6025 0.¢019
0.57 0.6247 0.6175 0.6146 0.6119 0.6105 0.6092 0.6066 0.6050 0.6034 0.6026 0.¢020
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 06129 0.6114 0.6100 0.6072 0.6054 0.6036 0.6028 0.¢020
0.60 0.6280 0.6198 0.6165 0.6134 0.6118 0.6104 0.6074 0.6055 0.6036 0.6028 0.¢020
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 06182 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.$999
0.69 0.6256 0.6209 0.6164 0.6141 0.6121 0.6077 0.6049 0.6019 0.6006 0.%993
0.70 0.6260 0.6211 0.6165 0.6141 0.6120 0.6074 0.6044 0.6014 0.6000 0.$986
0.71 0.6264 0.6213 0.6165 0.6140 0.6118 0.6071 0.6039 0.6007 0.5993 0.%978
0.72 0.6267 0.6214 0.6164 0.6138 0.6115 0.6066 0.6033 0.6000 0.5984 0.$969
0.73 0.6269 0.6214 0.6162 0.6135 0.6111 0.6060 0.6026 0.5991 0.5975 0.$959
0.74 5624+ 56213 O-6155 66434 O-6166 56653 G601+ 55554 5564 04947
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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NONMANDATORY APPENDIX 2A

Table 2A-7 Orifice Plate With Flange Taps: Discharge Coefficient, C, for D = 200 mm (8 in.)

ASME MFC-3M-2004

Diameter Discharge Coefficient, C, for Rp Equal to
Ratio,

B 5 (103) 1 (109 2 (104 3 (104 5 (10%) 7 (10%) 1(10%) 3 (10%) 1 (109) 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 06033 06008 05993  (0508G (5081 05978 05975 05971 05060  05QA7 05947  0.5967
0.po 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.p2 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.p4 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.p6 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.p8 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.p0 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.p2 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.B4 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.p6 0.6128 0.6078 0.6047 0.6034 0.6022 0.6017 0.6012 0.6002 05996 0.5991 0.5989 0.5988
0.p8 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.k0 0.6102 0.6065 0.6051 0.6037 0.6030 0.6024 0.6012 0.6005 0.5999 0.5997 0.5995
0.2 0.6115 0.6076 0.6060 0.6045 0.6038 0.6031 0.6018 0.6010 0.6003 0.6001 0.5998
0.4 0.6129 0.6087 0.6070 0.6054 0.6045 0.6038 00,6024 0.6015 0.6008 0.6004 0.6002
0.6 0.6145 0.6099 0.6080 0.6063 0.6054 0.6046 0.6030 0.6021 0.6012 0.6008 0.6005
0.k8 0.6161 0.6111 0.6091 0.6072 0.6062 0.60524 0.6037 0.6026 0.6016 0.6012 0.6009
0.p0 0.6179 0.6124 0.6102 0.6082 0.6071 0.6062 0.6043 0.6032 0.6021 0.6016 0.6012
0.p1 0.6188 0.6131 0.6108 0.6087 0.6076 0.6067 0.6047 0.6034 0.6023 0.6018 0.6013
0.p2 0.6197 0.6138 0.6114 0.6092 0.6087 0.6071 0.6050 0.6037 0.6025 0.6019 0.6014
0.p3 0.6206 0.6145 0.6120 0.6097 0.6085 0.6075 0.6053 0.6039 0.6026 0.6021 0.6015
0.p4 0.6216 0.6152 0.6126 0.6102 06090 0.6079 0.6056 0.6042 0.6028 0.6022 0.6016
0.p5 0.6159 0.6132 0.6107. 0.6094 0.6083 0.6059 0.6044 0.6030 0.6023 0.6017
0.p6 0.6166 0.6138 0.6112 0.6099 0.6087 0.6062 0.6046 0.6031 0.6024 0.6018
0.p7 0.6174 0.6145 0:6117 0.6103 0.6091 0.6065 0.6048 0.6032 0.6025 0.6018
0.p8 0.6181 0.6151 0.6122 0.6107 0.6094 0.6067 0.6050 0.6033 0.6025 0.6018
0.p9 0.6188 0.6156 0.6127 0.6111 0.6098 0.6070 0.6051 0.6033 0.6025 0.6018
0.p0 0.6195 0,6162 0.6131 0.6115 0.6101 0.6072 0.6052 0.6034 0.6025 0.6017
0.p1 0.6202 0.6168 0.6135 0.6119 0.6104 0.6073 0.6053 0.6033 0.6024 0.6016
0.2 0.6209 0.6173 0.6139 0.6122 0.6107 0.6075 0.6053 0.6033 0.6023 0.6014
0.p3 0.6216 0.6178 0.6143 0.6125 0.6109 0.6076 0.6053 0.6032 0.6022 0.6012
0.p4 0.6222 0.6183 0.6147 0.6128 0.6111 0.6076 0.6053 0.6030 0.6019 0.6009
0.b5 0.6228 0.6188 0.6150 0.6130 0.6113 0.6076 0.6052 0.6028 0.6016 0.6006
0.p6 0.6234 0.6192 0.6152 0.6132 0.6114 0.6075 0.6050 0.6025 0.6013 0.6002
0.p7 0.6239 0.6195 0.6154 0.6133 0.6114 0.6074 0.6047 0.6021 0.6009 0.5997
0.p8 0.6244 0.6198 0.6155 0.6133 0.6114 0.6072 0.6044 0.6016 0.6003 0.5991
0.p9 0.6248 0.6201 0.6156 0.6133 0.6112 0.6069 0.6040 0.6011 0.5997 0.5984
0.y0 0.6252 0.6202 0.6155 0.6131 0.6110 0.6065 0.6035 0.6004 0.5990 0.5976
oy1 0.6255 0.6203 0.6154 0.6129 0.6107 0.6060 0.6028 0.5996 0.5982 0.5967
0.f2 0.6257 0.6203 0.6152 0.6126 0.6103 0.6054 0.6021 0.5988 0.5972 0.5957
03 0.6258 0.6202 0.6149 0.6122 0.6098 0.6047 0.6012 0.5977 0.5961 0.5945
0.4 56255 O-6155 O-6H45 S61+16 66692 0-663% 06062 55566 55045 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.)

NONMANDATORY APPENDIX 2A

Diameter Discharge Coefficient, C, for Rp Equal to
Ratio,

B 5 (103) 1 (104 2 (104 3 (104 5 (10%) 7 (10%) 1(10%) 3 (10%) 1 (109) 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 06034 06000 05993 (508 05981 05978 05976 05971 05060 05OAR 0 5QA7 (05967
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:$969
0.22 0.6050 0.6020 0.6002 0.5994 0.5988 0.5984 0.5981 0.5976 0.5973 0.5971 0.59741 0.%971
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.$973
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.$975
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.%977
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.%980
0.32 0.6102 0.6058 0.6032 0.6021 0.6011 0.6006 0.6002 0.5993 0.5988 025985 0.5984 0.$983
0.34 0.6115 0.6068 0.6039 0.6028 0.6017 0.6011 0.6007 0.5998 0.5992 Q:5988 0.5987 0.$986
0.36 0.6079 0.6047 0.6035 0.6023 0.6017 0.6012 0.6002 0.5997 0.5992 0.5990 0.$989
0.38 0.6090 0.6056 0.6043 0.6030 0.6024 0.6018 0.6007 0,6001 0.5996 0.5994 0.$992
0.40 0.6102 0.6066 0.6051 0.6038 0.6031 0.6025 0.6013 0:6006 0.6000 0.5997 0.$995
0.42 0.6116 0.6076 0.6061 0.6046 0.6038 0.6032 0.6019 0.6011 0.6004 0.6001 0.$999
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 2:6031 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 026071 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.¢016
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 016098 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 06125 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 06176 0.6141 0.6123 0.6107 0.6073 0.6051 0.6029 0.6019 0.¢010
0.64 0.6220 0.6181 0.6144 0.6125 0.6109 0.6073 0.6050 0.6027 0.6017 0.6006
0.65 06226 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.$998
0.67 0.6236 0.6192 0.6150 0.6129 0.6110 0.6070 0.6043 0.6017 0.6004 0.$993
0.68 0.6240 0.6194 0.6151 0.6129 0.6109 0.6067 0.6039 0.6012 0.5999 0.$986
0.69 0.6196 0.6151 0.6128 0.6107 0.6064 0.6035 0.6005 0.5992 0.%979
0.70 0.6197 0.6150 0.6126 0.6105 0.6059 0.6029 0.5998 0.5984 0.$970
0.71 0.6197 0.6148 0.6123 0.6101 0.6054 0.6022 0.5990 0.5975 0.$961
0.72 0.6196 0.6145 0.6119 0.6096 0.6047 0.6014 0.5980 0.5965 0.$950
0.73 0.6194 0.6141 0.6114 0.6090 0.6039 0.6004 0.5969 0.5953 0.$937
0.74 56145+ O-6136 56105 56633 06625 O-5504 5505+ 55540 04923
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.
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NONMANDATORY APPENDIX 2A

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

ASME MFC-3M-2004

Diameter Discharge Coefficient, C, for Rp Equal to
Ratio,

B 5 (103) 1(10% 2 (109 3 (109 5 (10%) 7 (104 1(10°) 3 (10%) 1 (109) 1(107) 1(109) ©
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 06035 06009 05994 05987 05982 05979 05977 05972 05970 05968 05968  0.5968
0.po 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.p2 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.p4 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.p6 0.6069 0.6035 0.6013 0.6005 0.5997 0.5993 0.5989 0.5983 0.5979 0.59727 0.5976 0.5976
0.p8 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.p0 0.6051 0.6026 0.6016 0.6006 0.6002 0.5998 0.5990 0.5986 0.5983 0.5982 0.5981
0.2 0.6060 0.6033 0.6022 0.6012 0.6007 0.6003 0.5994 0.5990 0.5986 0.5985 0.5984
0.p4 0.6069 0.6040 0.6029 0.6018 0.6013 0.6008 0.5999 0.5994 0.5989 0.5988 0.5987
0.p6 0.6080 0.6049 0.6036 0.6024 0.6019 0.6014 0.6004 0:5998 0.5993 0.5991 0.5990
0.p8 0.6091 0.6058 0.6044 0.6031 0.6025 0.6020 0.6009 0.6002 0.5997 0.5995 0.5993
0.:0 0.6067 0.6053 0.6039 0.6032 0.6026 0.601% 0.6007 0.6001 0.5999 0.5997
0.2 0.6078 0.6062 0.6047 0.6039 0.6033 0.6020 0.6012 0.6005 0.6002 0.6000
0.h4 0.6089 0.6071 0.6055 0.6047 0.6040 0:6026 0.6017 0.6009 0.6006 0.6003
0.6 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.p0 0.6125 0.6103 0.6083 0.6072 0.6063 0.6044 0.6032 0.6021 0.6017 0.6012
0.p1 0.6132 0.6109 0.6088 0.6077 0:6067 0.6047 0.6035 0.6023 0.6018 0.6014
0.p2 0.6139 0.6115 0.6092 0.6081 0.6071 0.6050 0.6037 0.6025 0.6019 0.6015
0.p3 0.6145 0.6121 0.6097 0.6085 0.6075 0.6053 0.6039 0.6026 0.6021 0.6015
0.p4 0.6152 0.6126 0.6102 0:6090 0.6079 0.6056 0.6041 0.6028 0.6022 0.6016
0.p5 0.6159 0.6132 0.6107. 0.6094 0.6082 0.6058 0.6043 0.6029 0.6022 0.6017
0.p6 0.6166 0.6138 0.6117 0.6098 0.6086 0.6061 0.6045 0.6030 0.6023 0.6017
0.p7 0.6144 0:6116 0.6102 0.6089 0.6063 0.6047 0.6030 0.6023 0.6017
0.p8 0.6149 0.6120 0.6106 0.6093 0.6065 0.6048 0.6031 0.6023 0.6016
0.p9 0.6155 0.6124 0.6109 0.6096 0.6067 0.6049 0.6031 0.6023 0.6015
0.p0 0.6160 0.6128 0.6112 0.6098 0.6069 0.6049 0.6030 0.6022 0.6014
0.p1 0.6165 0.6132 0.6116 0.6101 0.6070 0.6050 0.6030 0.6021 0.6012
0.p2 0.6170 0.6136 0.6118 0.6103 0.6070 0.6049 0.6028 0.6019 0.6010
0.p3 0.6174 0.6139 0.6121 0.6105 0.6071 0.6048 0.6026 0.6017 0.6007
0.p4 0.6178 0.6141 0.6122 0.6106 0.6070 0.6047 0.6024 0.6014 0.6003
0.p5 0.6182 0.6143 0.6124 0.6106 0.6069 0.6045 0.6021 0.6010 0.5999
0.p6 0.6185 0.6145 0.6124 0.6106 0.6068 0.6042 0.6017 0.6005 0.5994
0.p7 0.6188 0.6146 0.6124 0.6106 0.6065 0.6039 0.6012 0.6000 0.5988
0.p8 0.6190 0.6146 0.6124 0.6104 0.6062 0.6034 0.6006 0.5993 0.5981
0.p9 0.6145 0.6122 0.6102 0.6058 0.6029 0.6000 0.5986 0.5973
0yo 0.6144 0.6120 0.6098 0.6053 0.6022 0.5992 0.5977 0.5964
oy1 0.6141 0.6116 0.6094 0.6046 0.6015 0.5982 0.5968 0.5953
0.2 0.6138 0.6111 0.6088 0.6039 0.6006 0.5972 0.5956 0.5941
oy3 0.6133 0.6105 0.6081 0.6029 0.5995 0.5960 0.5944 0.5928
0.5 0-6126 0-6058 0-6673 0-664+5 05983 055046 05925 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.

45


https://asmenormdoc.com/api2/?name=ASME MFC-3M 2004.pdf

ASME MFC-3M-2004

Table 2A-10 Orifice Plate With Flange Taps: Discharge Coefficient, C, for D = 760 mm (30 in.)

NONMANDATORY APPENDIX 2A

Diameter Discharge Coefficient, C, for Rp Equal to
Ratio,

B 5 (103) 1 (104 2 (104 3 (104 5 (10%) 7 (10%) 1(10%) 3 (10%) 1 (109) 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 06035 06010 05904 0508} (05082 (050K 05977 05973 05970  Q05Q9AQ  05OAQ (05968
0.20 0.6016 0.5999 0.5992 0.5986 0.5983 0.5980 0.5975 0.5973 0.5971 0.5971 %970
0.22 0.6022 0.6004 0.5996 0.5989 0.5986 0.5983 0.5978 0.5975 0.5973 0.5978 0.%972
0.24 0.6029 0.6009 0.6001 0.5993 0.5990 0.5987 0.5981 0.5978 0.5976 0.5975 0.$975
0.26 0.6036 0.6014 0.6006 0.5998 0.5994 0.5991 0.5984 0.5981 0.5978 0.5977 0.%977
0.28 0.6020 0.6011 0.6003 0.5998 0.5995 0.5988 0.5984 0.5981 0:5980 0.%980
0.30 0.6027 0.6017 0.6008 0.6003 0.5999 0.5992 0.5987 0.5984 0.5983 0.$982
0.32 0.6034 0.6023 0.6013 0.6008 0.6004 0.5996 0.5991 0:5987 0.5986 0.$985
0.34 0.6042 0.6030 0.6020 0.6014 0.6010 0.6000 0.5995 Q:5991 0.5990 0.$988
0.36 0.6050 0.6038 0.6026 0.6020 0.6015 0.6005 0.5999 0.5995 0.5993 0.$992
0.38 0.6059 0.6046 0.6033 0.6027 0.6021 0.6010 0.6004 0.5999 0.5997 0.$995
0.40 0.6054 0.6041 0.6034 0.6028 0.6016 06009 0.6003 0.6000 0.$998
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 026073 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 016099 0.6087 0.6062 0.6046 0.6031 0.6024 0.6018
0.57 0.611% 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 06125 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.¢014
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.$998
0.66 0.6123 0.6105 0.6066 0.6041 0.6015 0.6004 0.$992
0.67 0.6123 0.6104 0.6063 0.6037 0.6010 0.5998 0.$986
0.68 0.6122 0.6102 0.6060 0.6032 0.6004 0.5991 0.4979
0.69 0.6119 0.6099 0.6055 0.6026 0.5996 0.5983 0.%970
0.70 0.6116 0.6095 0.6049 0.6019 0.5988 0.5974 0.$960
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 0.4936
0.73 0.6100 0.6076 0.6024 0.5989 0.5954 0.5938 0.$922
0.74 06067 66042 5-50+46 55546 05523 04906
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.
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NONMANDATORY APPENDIX 2A

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

ASME MFC-3M-2004

Diameter Discharge Coefficient, C, for Rp Equal to
Ratio,

B 5 (103) 1 (104 2 (104 3 (104 5 (10%) 7 (10%) 1(10%) 3 (10%) 1 (109) 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 06010 05005 0508} (05083  (05OR0 05977 05973 05971 05960 05969  0.5969
0.p0 0.6016 0.5999 0.5992 0.5986 0.5983 0.5980 0.5975 0.5973 0.5971 0.5971 0.5971
0.p2 0.6022 0.6004 0.5996 0.5990 0.5986 0.5984 0.5978 0.5975 0.5973 05973 0.5973
0.p4 0.6029 0.6009 0.6001 0.5994 0.5990 0.5987 0.5981 0.5978 0.5976 0,5975 0.5975
0.p6 0.6015 0.6006 0.5998 0.5994 0.5991 0.5984 0.5981 0.5979 0.5978 0.5977
0.p8 0.6021 0.6012 0.6003 0.5999 0.5995 0.5988 0.5984 0.5981 0.5981 0.5980
0.p0 0.6027 0.6017 0.6008 0.6004 0.6000 0.5992 0.5988 0.5985 0.5983 0.5983
0.p2 0.6035 0.6024 0.6014 0.6009 0.6005 0.5996 0.5992 0.5988 0.5987 0.5986
0.B4 0.6043 0.6031 0.6020 0.6015 0.6010 0.6001 0.5996 0.5991 0.5990 0.5989
0.p6 0.6038 0.6027 0.6021 0.6016 0.6006 0:6000 0.5995 0.5994 0.5992
0.p8 0.6046 0.6034 0.6027 0.6022 0.6011 0,6005 0.5999 0.5997 0.5995
0.k0 0.6055 0.6041 0.6034 0.6028 0.6016 0.6009 0.6003 0.6001 0.5999
0.p2 0.6064 0.6049 0.6042 0.6035 0.6022 0.6014 0.6007 0.6005 0.6002
0.4 0.6058 0.6050 0.6043 06028 0.6019 0.6012 0.6009 0.6006
0.k6 0.6067 0.6058 0.6050 0.6034 0.6024 0.6016 0.6012 0.6009
0.h8 0.6076 0.6066 0.6058 0.6040 0.6030 0.6020 0.6016 0.6012
0.p0 0.6085 0.6075 0.6065 0.6046 0.6035 0.6024 0.6019 0.6015
0.p1 0.6090 0.6079 0.6069 0.6049 0.6037 0.6025 0.6020 0.6016
0.p2 0.6095 0.6083 0.6073 0.6052 0.6039 0.6027 0.6022 0.6017
0.p3 0.6099 0.6087 0.6077 0.6055 0.6041 0.6028 0.6023 0.6017
0.p4 0.6104 0:6091 0.6081 0.6058 0.6043 0.6030 0.6024 0.6018
0.p5 0.6096 0.6084 0.6060 0.6045 0.6031 0.6024 0.6018
0.p6 0.6099 0.6088 0.6063 0.6047 0.6031 0.6025 0.6018
0.p7 0.6103 0.6091 0.6065 0.6048 0.6032 0.6025 0.6018
0.p8 0.6107 0.6094 0.6067 0.6049 0.6032 0.6024 0.6017
0.p9 0.6110 0.6097 0.6068 0.6050 0.6032 0.6024 0.6016
0.p0 0.6113 0.6099 0.6069 0.6050 0.6031 0.6023 0.6015
0.p1 0.6116 0.6102 0.6070 0.6050 0.6030 0.6021 0.6013
0.p2 0.6119 0.6103 0.6071 0.6049 0.6029 0.6019 0.6010
0.p3 0.6121 0.6105 0.6070 0.6048 0.6026 0.6016 0.6007
0.p4 0.6122 0.6106 0.6070 0.6047 0.6023 0.6013 0.6003
0.p5 0.6106 0.6068 0.6044 0.6020 0.6009 0.5998
0.p6 0.6105 0.6066 0.6041 0.6016 0.6004 0.5993
0.p7 0.6104 0.6063 0.6037 0.6010 0.5998 0.5986
0.p8 0.6102 0.6060 0.6032 0.6004 0.5991 0.5979
0.p9 0.6099 0.6055 0.6026 0.5997 0.5983 0.5970
0.y0 0.6095 0.6049 0.6019 0.5988 0.5974 0.5960
oy1 0.6090 0.6042 0.6010 0.5978 0.5963 0.5949
0.y2 0.6084 0.6033 0.6000 0.5967 0.5951 0.5936
0.)3 0.6076 0.6024 0.5989 0.5954 0.5938 0.5922
0.%% 56066 66642 55546 55935 55022 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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NONMANDATORY APPENDIX 2A

Table 2A-12 Orifice Plates: Expansibility Factor, & (Y)
Diameter Ratio Expansibility Factor, & (Y), for p»/p; Equal to
B B 1.00 0.98 0.96 0.94 0.92 0.90 0.85 0.80 0.75
fork = 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 T°0000 0.9915 0.9829 0.9743 0.9657 0.9570 0.9352 09132 03910
0.7500 0.3164 1.0000 0.9912 0.9824 0.9736 0.9648 0.9559 0.9335 0.9109 0:3881
fork = 1.3
0.0000 0.0000 1.0000 0.9946 0.9891 0.9837 0.9782 0.9727 0.9588 09446 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
fork = 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 k = 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

48


https://asmenormdoc.com/api2/?name=ASME MFC-3M 2004.pdf

MEASUREMENT OF FLUID FLOW IN PIPES
USING ORIFICE, NOZZLE, AND VENTURI

ASME MFC-3M-2004

Part 3
Nozzles and Venturi Nozzles

3-1 SCOPE AND FIELD OF APPLICATION

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

I{ 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-
vicgs covered by this Standard, orifice plates, nozzles,
and venturi tubes.

Bart 3 applies only to nozzles and venturi nozzles in

which the flow can be considered as single phase and
renjains subsonic throughout the measuring section and
is sfeady 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
lim}ts of pipe size and Reynolds number. Thus Part 3
canpot be used for nominal pipe sizes less than 50 mmi
(2 ;.), or more than 1200 mm (48 in.), or for pipe
Reymnolds numbers below 10 000.
Hart 3 addresses the ISA 1932 nozzle and thelong ra-
diup nozzle, as well as with the venturi nozzle. The ISA
193p and the long radius nozzles are fundamentally dif-
ferdnt and are described separately\in this document.
Theg venturi nozzle has the samé upstream face as the
ISA[ 1932 nozzle, but has a divergent section and, there-
for¢, a different location for the downstream pressure
tap$. This design has a lower pressure loss than a noz-
zle |with a similar geometry. For both of these nozzle
typps and for theventuri nozzle, direct calibration ex-
perjments have(been made of sufficient quality, num-
ber| and dataceverage to allow provision of coefficients
within predictable limits of uncertainty and coherent
systems-of application.

Surface Texture: Profile Method—Rules and Proce-
dures for the Assessment of Surface Texfure
ISO/TR 5168:1998, Measurement of Fluigd-Flow—Eval-
uation of Uncertainties
ISO/TR 9464:1998, Guidelines for fhe Use of 190 5167-
1:1991
Publisher: International Orgdwization for Standlardiza-
tion (ISO), 1 rue de Varembe, Case Postale p6, CH-
1211, Geneve 20, Swifzérland /Suisse

3-3 PRINCIPLES;OF THE METHOD OF
MEASUREMENT AND COMPUTATION

The principle of the method of measurement |s based
on the installation of a nozzle or venturi nozzle into a
pipeline in which a fluid is running full. The fnstalla-
tioiof the primary device causes a static presqure dif-
ference between the upstream side and the throaft. Given
the same conditions of use, whenever the device is geo-
metrically similar to one on which direct calibrafion has
been made, the rate of flow can be determined firom 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)
C T
=1 ¢ d* V2Appy 3-1)
(U.S. Customary Units)
h
G = 0.09970190CYa2 | < fp/;l

Ap (hy) 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 diametefs at the
working conditions. Measurements taken at any other
conditions must be corrected for any expansion| or con-

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)—

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

qm
o= 2
=", (3-2)

where
p = fluid density at the temperature and pressure
for which the volume is stated
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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

MEASUREMENT OF FLUID FLOW IN PIPES
USING ORIFICE, NOZZLE, AND VENTURI

of discharge, C, may be dependent on Rp, which is it-
self dependent on g,, 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)

the valyesof C as a function of B. lable gIves ex- -
pansibility factors, e (Y), for different working condi- (c) the Venturi nozzle (given in para. 3-4.3)
tions. These tables are not intended for precise interpo- The ISA 1932 nozzle and the long radius-nozzle|are
lation afd extrapolation is not permitted. The coefficient =~ fundamentally different; the Venturi nezzle’ has [the
—| H |«—
c g 0.6041d
9 an | b,
Note (2) QY
f !
EN i
T Qt’& T { 2
7 -
A/ )
Ty,
g || 7Y @Z
d G
¢ / F
LA an bn
I
Q _ IEERNN. ] & Q _ _ _ il
< < < < <
~>‘ ~<—— Note (1)
Direction Direction
of flow of flow
%
0.6041d Note (1)
ol
(a) d = (23D (b) d > (2/3D

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

ASME MFC-3M-2004

1.06d and a length no greater than 0.034. The ratio of the
height (¢, — 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 B is equal to 0.6041d for 0.3 =
B = 0.6667 and for 0.6667 < B = 0.8

sec

3-4.1.1 General Shape. The part of the nozzle inside [0'4041 n (% _ g _ 0.5225)0'5151 (3-4)
the Pi})c iD kilkbll(ll. T}ll‘: llULLIC LUllDiDILD Uf d CUILV Cléclli o R R -
ion, rounded profile, and a cylindrical throat. Figure (h) The profile of the convergent inlet”hall be

3-1|shows the cross-section of an ISA 1932 nozzle at a
plae passing through the centerline of the throat. The let-
terdin the following text refer to those shown on Fig. 3-1.

3r4.1.2 Nozzle Profile

(1) The profile of the nozzle can be characterized by
a flatinlet 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-
ces§, F is optional; in some instances, it may prevent
darhage to the edge, G.

(b) The flat inlet part, A is limited by a circumference
cenfered on the axis of revolution, with a diameter of
1.54, and by the inside circumference of the pipe, of di-
am¢ter 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
pipg. In this case, the nozzle is manufactured as if D is
gregter than 1.5d and the inlet flat part is then faced off'so
that the largest diameter of the convergent profileis just
equal to D [see para. 3-4.1.2(g) and Fig. 4-1, sketch (b)].
(¢) The arc of circumference, B is tangentialto the flat
inldt part, A when d < 0.6667D, while its radius,

(1) Ry =0.2d £ 0.02d for B < 0.5

(2) Ry =0.2d = 0.006d for B =0:5

I{s center is located 0.2d fromythe/inlet plane and 0.754
fromn the axial centerline.

(4) The arc of circumferenee, C is tangential to the arc
of dircumference, B andto-the throat, E. Its radius,

(1) Ry =d/3 =0.033d for B < 0.5

(2) Ry =d/340.01d for B = 0.5

I{s center is located 5d/6 (i.e., d/2 + d/3) from the ax-
ial fenterline and at

12 + V39

60 d =0.3041d

an = (3-3)

checked by means of a template. Two diametegs of the
convergent inlet in the same plane petpendiculgr to the
axial centerline shall not differ fromyeach other by more
than 0.1% of their mean value.

(i) The surface of the upstteam face and thp throat
shall be polished such thatithey have a roughmess cri-
terion, R, = 1074 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 €inish of the downstream face are njot spec-
ified (seefpara. 3-4.1.1).

3-41.4 Material and Manufacture. The I§A 1932
nozzle can be manufactured from any material and in
any way, provided that it remains in accordarjce with
the foregoing description during flow measurement.

3-4.1.5 Pressure Taps
(a) Corner pressure taps shall be used upstfeam of
the nozzle. The upstream pressure taps can be either sin-
gle taps or annular slots. Both types of tap cah be lo-
cated either in the pipe or its flanges or in carrfer rings
as shown in Fig. 3-1.
The spacing between the centerlines of indivitlal up-
stream taps and face, A is equal to half the diajneter of
the taps themselves, so that the tap holes break through
the wall flush with face, A. The centerline of indlividual
upstream taps shall meet the centerline of the primary
device at an angle of 90 deg *+ 3 deg.
The diameter, §;, of a single upstream tap pnd the
width, a, of annular slots are specified below. The min-
imum diameter is determined in practice by thelneed to
prevent blockage and to give satisfactory performance.
(1) clean fluids and gases

(a) for B =0.65,0.005D = a or §; = 0.03p

(b) for B> 0.65,0.01D =a or §; = 0.02D

from the flat inlet part, A.

(e) The throat, E has a diameter, d, and a length b,, = 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 ¢, equal to at least

51

(2) any value of

(a) for clean fluids, 1 mm (0.04 in.) =aor 6, = 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.) = §; = 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


https://asmenormdoc.com/api2/?name=ASME MFC-3M 2004.pdf

ASME MFC-3M-2004

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 mm? (0.019 in.?).

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:

MEASUREMENT OF FLUID FLOW IN PIPES
USING ORIFICE, NOZZLE, AND VENTURI

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.

b—-D
D

(3-5)

c 0.
< __ 01
X p X100="577 368

D

The l¢ngth, ¢, of the upstream ring (see Fig. 3-1) shall
not be gireater than 0.5D. The thickness, f, of the slot shall
be greafer than or equal to twice the width, 4, of the an-
nular slpt. The area of the cross-section of the annular
chambey, gh, shall be greater than or equal to half the
total arda of the opening connecting this chamber to the
inside df the pipe.

All stirfaces 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
chambeys to the secondary devices are pipe wall taps,
circularfat the point of breakthrough and with a diam-
eter, j, between 4 mm and 10 mm (0.015 in. and 0.39 in.).

The ypstream and downstream carrier rings need not
ily be symmetrical in relation to each other, but

(b) The downstream pressure taps can either be corner
taps as dlescribed 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

3-4.1.6 Coefficients of ISA 1932 Nozzles

3-4.1.6.1 Limits of Use. The ISA 1932 Ndzzle shall
be used in accordance with this Part when
(a) 50 mm (2 in.) = D = 500 mm (204ny)
(b) 030 =8 =10.80
(c) 7 (10%) = Rp =1 (107) for 0.30'='B < 0.44
(d) 2 (10%*) = Rp =1 (107) for0:#4 = B = 0.80
In addition, the relative roughness of the pipe shall
conform to the values given in Table 3-1.
Most of the experimerits on which the values of|the
discharge coefficient, €, given in this Part are baged,
were carried out in) pipes with a relative roughmess
R,/D = 1.2 (10=%). Pipes with higher relative roughﬂ:ess
can be usedrifithe roughness for a distance of at lgast
10D upstream of the nozzle is within the limits giveh in
Table 3z1. Information as to how to determine R, is given
in Pagt, 1 of this Standard.
3-4.1.6.2 Discharge Coefficient, C. The discha
coefficient, C, is given by the following equation:

rge

C = 0.9900 — 0.22628+1 — (0.0017542
100 \1.15
- 0.003334»15)(—>
Rp
Values of C as a function of 8 and Rp are given for ¢on-
venience in Table 3A-1. These values are not intended for
precise interpolation and extrapolation is not permitted.

(1)|= 0.15D for B = 0.67
(2)|= 0.20D for B > 0.67 Table 3-1 Upper Limits of Relative Roughness| of
Wher installing the presstite tfaps, the thickness of the the Upstream Pipe for ISA 1932 Nozzles
gaskets ind / or sealing material must be taken into account.
The cpnterline of the\tap shall meet the pipe centerline B 10% Ra/D
and be 4t an angle of 90'deg *+ 3 deg to it. The hole on the =0.35 8.0
inside wall of thé pipe shall be circular. The edges shall 0.36 5.9
be flush| with«the internal surface of the pipe wall and as 0.38 4.3
sharp a$ possible. To ensure the elimination of all burrs 0.40 3.4
or wireledgés at the inner edge, rounding is permitted, 0.42 2.8
but shall have a radius less than one-tenth of the pressure gzg ;Ll‘
tap diameter. No irregularity shall appear inside the con- 0.48 1.9
necting hole, on the edges of the hole drilled in the pipe 0.50 18
wall, or on the pipe wall close to the pressure tap. Con- 0.60 1.4
formity of the pressure taps with the requirements of this 0.70 1.3
paragraph can be judged by visual inspection. g;g 1;

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-
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GENERAL NOTE: Most of the data on which this table is based were
collected at Rp = 1 (10°). At higher Rp, 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):

o= () A ]

1-— B4TZ/K
where
T = pressure ratio (p»/p1)
Kk = isentropic exponent

2/k 1 — 7&k=1/x

1—-7

KT

k—1

2
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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-

This—equation—is—appheable—ontyfor—altes—eofH—F5;
and Rp as specified in para. 3-4.1.6.1. Test results for de-
terthination of & (Y) are known for air, steam, and nat-
ura| gas. There is no known objection to using the same
equation for other gases for which the isentropic expo-
nerft is known. The equation is applicable, however,
only if the flow is not choked and p,/p1 = 0.80.

Values of the expansibility factor ¢ (Y) for a range of
isenjtropic exponents, pressure ratios, and diameter ra-
tiod are given for convenience in Table 3A-4 in Appen-
dix[3A. This table is not intended for precise interpola-
tior} and extrapolation is not permitted.

314.1.7 Uncertainties

3-4.1.7.1 Uncertainty of Discharge Coefficient, C.
When D, B, Rp, and R,/D are assumed to be known
without error, the relative uncertainty of the value of C
is efjual to

) + 0.80% for B = 0.60

) = (2B — 0.4)% for B > 0.60

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

_=-
—+

_~ =~

Th4

(SI Ynits)

Ap

+ (4 + 100B%) P

(3-8)

(U.§. Customary Units)

0.08606247h,,
£ 4+ 10083

This uncertainty assturies that 8, Ap (hy), p1, and k (the
iserptropic exponefit-of the line fluid) are known with-
outjerror.

3+4.1.8  Pressure Loss, Aw. The pressure loss, Aw (h),
for [the ISA\1932 nozzle is approximately related to the
diffrrential pressure Ap (h;,) by the Eq. (3-9)

ZIe is
V1-pg41-CY) ]2
K= [C—BZ -1 (3-10)
where K is defined by the following equation:
(SI Units)
K75 i (3-11)
0 p1V4?
(U.S. Customary Unifs)
K= h
1 2
5 V1
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 = 8 = 0.8)
(b) Low-Beta nozzles (0.20 = B8 = 0.5)
For B values between 0.25 and 0.50, either degign can

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

That part of the nozzle that is inside the pipelshall 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 corjvergent
section, A, a cylindrical throat, B, and a plain endl, C.

(b) The convergent section, A has the shape of 4 quarter
ellipse. The center of the ellipse is at a distance [J/2 from
the axial centerline. The major centerline of the ¢llipse is

(SI Units)
VI— B =) - O

A= Vi pa-+cp Y -9)
(U.S. Customary Units)
V1 - 41 - C?) — Cp?
h ! )= CP (0.036062471,)

T V1 Bi1 - ) +Cp?

This pressure loss is the difference in static pressure
between the pressure measured at the wall on the up-
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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-
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(b) Low Ratio 0.2 =8 =<0.5

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

ASME MFC-3M-2004

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

facgof the throat shall be 1o less than 3 mum (U.12 1.,
(¢) The thickness, H shall be greater than or equal to
3mm (0.12 in.) and less than or equal to 0.15D. The thick-
nesp of the throat, F shall be greater than or equal to be-
twden 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-
tior} and/or machining.

(f) The surface of the inner face shall have a rough-
nesk criterion R, = 1074 4.

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

3r4.2.3 Profile of Low-Beta Nozzle

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

(b)) The convergent inlet, A has the shape of a quarter,
ellipse. The center of the ellipse shall be 74/6 (i.e., d/2#,
2d/PB) from the axial centerline. The major axis of thé el-
lipse is parallel to the axial centerline. The value(©f half
themajor axis is d. The value of half the minor axis 1s 24/3.

3r4.2.4 Material and Manufacture. The\long radius
no7zle can be manufactured from any material and in
any] way, provided that it remains.if» accordance with
the|foregoing description during flow measurement.

3r4.2.5 Pressure Taps

(4) The centerline of thexipstream tap shall be at 1D
(+d.2D, —0.1D) from the intet face of the nozzle. The cen-
terllne of the downstream tap shall be at 0.50D * 0.01D
fromn the inlet facé\0f the nozzle, except in the case of a
low| ratio nozzleswith 8 < 0.3188. For a low ratio nozzle
with B < 03188, the centerline of the downstream tap
shall be at\l6d4 (+0, —0.02D) from the inlet face of the
noZzzle ‘Under no circumstances shall the downstream tap
be located further downstream than the nozzle outlet.

—

OVer a lengthn of at feast 2.5 [imes the internal diameter
of the tap, measured from the inner wall of thegipeline.
The centerlines of the pressure taps can\be logated in
any axial plane of the pipeline. The axes of the upstream
and downstream taps can be located in differgnt axial
planes, but are typically located in the same axigl plane.

3-4.2.6 Coefficients of Long Radius Nozzles

3-4.2.6.1 Limits of Use. The long radius
shall only be used inaccordance with this Part
(a) 50 mm (2 in.)' <D = 630 mm (25 in.)
(b) 1 (10%) =Rp'E1 (107)
(¢) R,/D = 32(107%) in the upstream pipe
Pipes wit{ higher relative roughness can be| used if
the roughness for a distance of at least 10D upsfream of
the nozzle is within the limit given above. Infofmation
as to.how to determine R, is given in Part 1 of this Stan-
dard. Most of the data on which this roughnesq limit is
based were collected at Rp = 1 (10°). At higher §p, more
stringent limits on pipe roughness are likely refjuired.
3-4.2.6.2 Discharge Coefficient, C. The discharge
coefficient is the same for both types of long radjus noz-
zle when the taps are in accordance with para.|3-4.2.5.
The discharge coefficient, C, is given by the fdllowing
equation, when referring to the upstream pipe Reynolds
number Rp:

nozzles
3 when

10 \05
C =0.9965 — 0.00653/30»5(—) (3-12)
Rp
When referring to the Reynolds number at the throat
Ry, this equation becomes
)05

and in this case, C is independent of the diamefer ratio,
B. Values of C as a function of 8 and Rp, are given|for con-
venience in Table 3A-2. These values are not intefded for
precise interpolation and extrapolation is not pefmitted.

100

C =0.9965 — O.OO653<R— (3-13)
d

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-
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3-4.2.6.3 Expansibility Factor, & (¥). 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 B and R; are assumed to be known without er-
ror, the relative uncertainty of the value of C is 2.0% for
all values of 8 between 0.2 and 0.8.
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3-4.2.7.2 Uncertainty of Expansibility Factor, & (Y).
The relative uncertainty, in percent, of ¢ (Y) is equal to

(SI Units)

Ap

+ (4 + 10088 — (3-14)
P1

(U.S. Customary Units)

0.03606247h,,
+ (4+1008% —————
1.
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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

This incert;int assumes that 8, Ap ( ; and « (the centered on the axis of revolution, with a diamétef of
isentrogjic ex oneynt of the line ﬂlllicf) az)e,lrzrl{own with- 1.5d, and by the inside circumference of the pipe, of di-
out errEr P ameter D. When d = 0.6667D, the radial width of fhis

‘ flat portion is zero.
3-4.2)8 Pressure Loss, A (h). Paragraph 3-4.1.8 ap- When d is greater than 0.6667D, the upstteéam face of the
plies eqpally to the pressure loss of long radius nozzles.  nozzle does not include a flat inlet patt within the pip¢. In
¢D
—_—>
90
%
bd
‘P/z -] — 90/2
Direction
of flow L
/ L
0.45d| |
0.40d
ﬂ» < F
V8 gz A g7 ]
0.3d 8 7 T e—4 ¢t
7 W07/
o T
a ¢ A
0.3041d 156d
#D
I
#D
1.5¢d
(a) d = (2/3)D | (b) d > (2/3)D
|
Note (1) | Note (2)
NOTES:

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

Fig. 3-3 Venturi Nozzle
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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) Ry =0.2d = 0.02d for B <0.5
(2) Ry =0.2d £ 0.006d for B =0.5
Its center of the arc of circumference, B is located 0.2d4
from the inlet plane and 0.75d from the axial centerline.

ASME MFC-3M-2004

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-

(¢y_The arc of circumierence, C is tangential to the arc
of dircumference, B and to the throat, E. Its radius,

(1) Ry =d/3 = 0.033d for B < 0.5

(2) Ry =d/3 = 0.01d for 8 = 0.5

I{s center is located 54/6 (i.e., d/2 + d/3) from the ax-
ial ¢enterline and at

12 + V39

——— d=0.3041d

60 (3-15)

a, =
frofn the flat inlet portion, A.

(f) The throat (see Fig. 3-3) consists of that portion
upgtream 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
valfie of the diameter of the throat shall be taken as the
megn of the measurements of at least four diameters dis-
tributed in axial planes and at approximately equal an-
gleg to each other. The throat shall be cylindrical. No di-
ameter of any cross section shall differ by more than
0.03% from the value of the mean diameter.

(3) The divergent section (see Fig. 3-3) shall be con=
necfed with the portion downstream, F of the tap ofithe
thrgat without a rounded part, but any burrs shallbe re-
moyed. The length, L of the divergent section.has“practi-
cally no influence on the discharge coefficiént. The in-
cludled angle of the divergent section, and hence the length,
doep influence the pressure loss. The included angle of the
divergent section, ¢ shall be less thatn-or equal to 30 deg.
() A venturi nozzle is called-fruncated when the out-
let fliameter of the divergent seetion is less than the di-
ameter D and not truncated~or full when the outlet di-
amgeter is equal to diameter D. The divergent portion
may be truncated up. t0'35% of its length. Such trunca-
tior} will increase thte-pressure loss of the device.

(1) The internal/surfaces of the venturi nozzle shall
havle a roughness criterion R, = 10~%d.

3r4.3.2v\Material and Manufacture
(1) The'venturi nozzle can be manufactured from any

material Prnvir]pr] that it is in accordance with the de-

SUTe taps shall COMpTISe at least ToUr single pressjure taps
leading into an annular chamber, or piezonyeter|ring or,
if there are four taps, a “Triple-T” arrangement (see
para. 1-4.4.3). Annular slots or interruptedsslots ghall not
be used. The centerlines of the presstire taps shpll meet
the centerline of the venturi nozzlesand shall be pt equal
angles to each other. The centerlines of the thrdat pres-
sure taps shall lie in the plane'perpendicular to fthe cen-
terline of the venturi nozzle.

The diameter, 5,, ofthe individual taps in the fhroat of
venturi nozzles shall’be less than or equal to 0J04d but
shall be between.2 mm and 10 mm (0.08 in. and .39 in.).
The pressure taps shall be circular and cylindricgl over a
length of atdeast 2.5 times the internal diametqr of the
taps, measured from the inner wall of the ventur] nozzle.

Thé hole on the inside wall of the pipe shall be circu-
lari.The edges shall be flush with the internal syrface of
the pipe wall and as sharp as possible. To ensure the elim-
ihation of all burrs or wire edges at the inner edgd, round-
ing is permitted, but shall have a radius less tHan one-
tenth of the pressure tap diameter. No irregularjity shall
appear inside the connecting hole, on the edges of|the hole
drilled in the pipe wall, or on the pipe wall cloge to the
pressure tap. Conformity of the pressure taps with the re-
quirements specified can be judged by visual ingpection.

3-4.3.4 Coefficients

3-4.3.4.1 Limits of Use. Venturi nozzles sH
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 =B =0.775

(d) 1.5 (10°%) = Rp = 2 (10°)

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 bas¢d were
carried out on pipes with a relative roughness |R,/D <
1.2 (10~%). Pipes with higher relative roughnes$ can be

all only

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-
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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 R, 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 — 0.1968%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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—lg —| [<— ¢35,
I' Direction
JL\ of flow
_—
¢S4

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

ameter [D. Values of C as a function of B8 are giyen for
convenjence in Table 3A-3. This table is not'intended
for predise interpolation and extrapolation ‘is'not per-
mitted.

3-413.4.3 Expansibility Factor, £(¥). The indica-
tions giyen in para. 3-4.1.6.3 apply also to the expansi-
bility faftor for venturi nozzles,but within the limits of
use spefified in para. 3-4.3.4.1.

Table B-2 Upper(Limits of Relative Roughness of

Fig. 3-4 Venturi Nozzle, Pressure Taps

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 B is
assumed to be known without error, the relative unfer-
tainty of the values of the discharge coefficient C, %, is
equal to (1.2 + 1.58%).

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

(SI Units)

A
P d17)

the Upstream Pipe for Venturi Nozzles = (4+1008°) - -

B 10* Ro/D (U.S. Customary Units)

=0.35 8.0 r 0.03606247hy, 7
0.36 5.9 = (& 7 IUUGY)
0.38 4.3 [ s J
0.40 3.4 This uncertainty assumes that 8, Ap (hy), p1, and k (the
0.42 2.8 isentropic exponent of the line fluid) are known with-
0.44 2.4 out error.
0.46 2.1
0.48 1.9 3-4.3.6 Pressure Loss. The indications given in this
0.50 1.8 paragraph apply to venturi nozzles when the included
g?g 1;‘ angle of the divergent is not greater than 15 deg.
0.775 15 3-4.3.6.1 Definition of the Pressure Loss. The pres-

sure loss caused by a venturi nozzle can be determined
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>D | > (6D)
- — {
. | ¢
#D e —
\_\_\_\_\- +
' I B
Ap’ Ap”
Pressure
. ! loss
_—
Direction
of flow

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, Ap’ is the pressure difference measured
betveen a point at least 1D upstream from the upstream
end of the venturi nozzle and a point 6D downstream
fron the downstream end of the venturi nozzle, prior.
to ipstallation of the venturi nozzle. Ap” is the difference
in pressure measured between the same pressure-taps
aftdr installation of the venturi nozzle. The pressureé loss
cauped by the venturi nozzle is given by Ap’—~Ap’.
3-4.3.6.2 Relative Pressure Loss. The'telative pres-
surg loss, &, is the ratio value of the pressure loss Ap” —
Ap'|related to the differential pressure Ap (hy):

(SI Units)
A = Ap’
£= _%& (3-18)
p
(U.§. Customary Units)
A ?// _ A ’
&= Ty

Tlhe relativé pressure loss depends on:
(4) thehdiameter ratio (¢ decreases when B increases)
(b) the Reynolds number (¢ decreases when Rp in-

Fig. 3-5 Pressure Loss Across a Venturi Nozzle

3-5 INSTALLATION REQUIREMENTS
3-5.1 General

General installation requirements for pressurp 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 ventpiri noz-
zles given in this section. The general requiremfents for
flow conditions at the primary device are given|in para.
1-6.3 of this Standard. The requirements for use ¢f 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 $hall 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 tp 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 mjnimum
values. For research and calibration work, it i recom-
mended that the upstream values specified ih Table

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 R,/ 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%.

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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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
tair|ty” in this mstance, 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.
Singe both the direction (positive or negative) and the
magnitude of this error are specific to the installation in
qugstion, this Standard addresses this unknown bias er-
ror [as an increase in the uncertainty band.

(¢) Part 3 of this Standard cannot be used to predict
the|value of any additional uncertainty when the up-
strgam straight length is shorter than the “0.5% Addi-
tiorjal Uncertainty” values specified in each Column B
of Table 3-3, nor when both the upstream and down-
strdam straight lengths are shorter than the “Zero Ad-
ditipnal Uncertainty” values specified in each Column
A (f Table 3-3 are used.

(f) The valves included in Table 3-3 shall be fully
opgn during the flow measurement process. It is rec-
ompmended that control of the flow rate be achieved\by
valyes located downstream of the primary element. Tso-
lating valves located upstream of the primary ‘element
shall be fully open, and these valves must befull bore.
Thd valve should be fitted with stops fer alignment of
the([ball or gate in the open position.

(¢) Upstream valves that are bored to match the in-
sid¢ diameter of the adjacent pipeand are designed in
such a manner that in the fullz dpened condition there
are[no steps, can be regarded ‘as part of the upstream
pipg length, and do not-need to have added lengths as
in Table 3-3. Other valves should not be included up-
strgam of the primary element. It is recommended that
conftrol of the flow*rate be achieved by valves located
downstream ef-the primary element.

(k) The wdlues given in Table 3-3 were determined
experimentally with fully developed and swirl-free flow
updtreant of the subject fitting. Since such conditions are

ASME MFC-3M-2004

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 f1tt1ngs of the type covered by Table

covered by thls Table) are placed in series upstrea
primary device, the following paragraphs, shall

(1) Between the fitting immediately upsfream of
the primary device (Fitting 1) and thejprimary device it-
self, there shall be a straight length at least equgl to the
minimum length given in Table'3-3 appropriat¢ for the
specific nozzle or venturi nozzle diameter ratid 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 3{of the primary device used|a mini-
mum straight lehgth equal to half the number ¢f diam-
eters given.in Table 3-3 for a 0.7 diameter ratio primary
device gsed in conjunction with Fitting 2 mugdt be in-
cluded between Fittings 1 and 2.

If\either of the minimum straight lengths is
from each Column B of Table 3-3, a 0.5% additi
certainty shall be added arithmetically to the d
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 accordarfce with
Table 3-3, Column 1.

(c) If the upstream metering section hgs a full
bore valve preceded by another fitting, then the valve
can be installed at the outlet of the second fittihg from
the primary device. The length between the vlve and
the second fitting shall be added to the length between
the primary device and the first fitting, specified jin 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 Tgble 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 nogzle and

belected
nal un-
scharge

difffcuttto—achieve,thefoltowingimformmation carr 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.
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i.}lc lrl'Li.J.JlS D}lal} 1L)C lllCClbulCd d}Ulls i.}lc t)llJC dAdALS. 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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MEASUREMENT OF FLUID FLOW IN PIPES
USING ORIFICE, NOZZLE, AND VENTURI

Note (1) Flow nozzle

15D

14D

Increaser Note (1)

Flow nozzle

NOTE:
(1) Full bore ball or gate valve, fully open.

fitting from the nozzle or venturi nozzle is a two-bend
combingtion 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 Figl| 3-7, sketch (a)), the distance between the valve
and the[primary device must be at least 16D (from Table
thermore, between the two-bend combination

tween the two-bend combination in (perpendicular
planes gnd the primary device, there-must be at least
54D [frqm 3-5.2(h)(3)]. If the valve haslength 1D, an ad-
ditionalflength of 6D is required~This length can be up-
stream, | downstream, or partly~tpstream and partly
downstream of the valve. Paragraph 3-5.2(h)(2)(c) could
also be fised to move thewalve to be adjacent to the two-
bend c¢mbination in‘perpendicular planes provided
that thdre is at least\54D from the two-bend combina-
tion in perpendicular planes to the primary device [see
Fig. 3-7] sketch\(D)].

If the firsttitting is a reducer from 2D to D over a length
of 2D [deeFig. 3-7, sketch (¢)] the distance between the

29D ‘|
1

Fig. 3-6 Layout Including a Full Bore Valve for B8 = 0.6

must bé.at least 25D (from Table 3-3). Furthermore,|be-
tweett” the two-bend combination in perpendictilar
planes and the expander, there must be at least 31 X
0.5D [from para. 3-5.2(h)(2)], and the distance betwjeen
the two-bend combination in perpendicular planes pnd
the primary device must be at least 54D [from phra.
3-5.2(h)(3)]. An additional length of 11.5D is requited.
This length can be upstream, downstream, or partly jup-
stream and partly downstream of the expander.

3-5.3 Flow Conditioners

A flow conditioner can be used to reduce upstr¢gam
straight lengths. See paras. 1-6.4.1 and 1-6.4.2 for adldi-
tional information. All test work shall be carried outfus-
ing the same type of nozzle as is being used for the npea-
surement of flow.

3-5.4 Circularity of Pipe Cross-Section

(a) The length of the upstream pipe section adjagent
to the primary device (or to the carrier ring if there is

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 X
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

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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N \S)
) @
(31 + x)D D (16 + y)D
(a) x=0,y=0,x+y=6
N \SY
/ @
D = 53D
|
(b)
\ D | 1\S) |
/ i
=>62D 2D = 11D ¢D
I |
(c)
0.5D
\S)
2 | 4D
m
(156.6 + x)D 2D (25 + y)D
I I
(d)x=0,y=0,x+y=115
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
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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-

MEASUREMENT OF FLUID FLOW IN PIPES
USING ORIFICE, NOZZLE, AND VENTURI

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

fore, ref[tiiTe the bores to be matched and the ilanges
aligned| on installation. Dowels or self-centering gas-
kets can} be used.

Beond 10D from the nozzle, no additional uncer-
tainty i the discharge coefficient is involved provided
that thd diameter step (the difference between the di-
ameterg) between any two sections does not exceed 2%
of the nean value of D obtained from the measurements
specifiefl in para. 3-5.4(b). Moreover, the actual step
caused [by misalignment and/or change in diameter
must ndt exceed 2% of D at any point of the internal cir-
cumfer¢nce of the pipe. If the pipe diameter upstream
of the stlep is greater than that downstream of it, the per-
mitted dliameter and actual steps are increased from 2%
to 6% of D. On each side of the step, the pipe shall have
a diamgter between 0.98D and 1.06D. Beyond 10D from
the noztle, the use of gaskets between sections will not
violate fhis requirement provided that in use they are
no thicjer than 3.2 mm (0.125 in.), and they do not pro-
trude irfto the flow.

Beyond the first location where an expander could be
fitted inlaccordance with Column 6A of Table 3-3, no ad-
ditionalf uncertainty in the discharge coefficient js“in-
curred provided the diameter step (the difference be-
tween the diameters) between any two sectiorns does not
exceed [0% of the mean value of D obtained from the
measur¢ments specified in para. 3-5.4(h).\Moreover, the
actual sfep caused by misalignment aiid J or change in di-
ameter fnust 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 dependston/the diameter ratio of the
primary| device, e.g., it4s 22D from the primary device if
B =0.6.

(d) additionaluncertainty of 0.2% shall be added
arithmeftically to‘the uncertainty for the discharge coef-
ficient if the-diameter step AD between any two sections
exceeds| thelimits given in para. 3-5.4(c), but complies

face of an ISA 1932 TozzZIe of a long radius nozzie, shall
differ from the mean diameter of the upstream¢strajght
length by more than 3%. This can be judged by:checlfing
a single diameter of the downstream straight léngth

The diameter of the pipe immediately,downstreath of
an untruncated venturi nozzle shall notbe less than $0%
of the diameter at the end of the divergent section. This
means that, in most cases, pipes-having the same npm-
inal bore as that of the ventufi nozzle tube can be uged.

3-5.5 Location of Primary Device and Carrier Rings

(a) The primary device shall be placed in the pipp in
such a way that the fluid flows from the upstream face
towards the‘throat.

(b) Theprimary device shall be perpendicular to
centerline)of the pipe to within 1 deg.

(c)(Ihe primary device shall be centered in the pjpe.
The\distance e, between the centerline of the throat pnd
the centerlines of the pipe on the upstream and dojvn-
stream sides shall be

the

0.005D

&= 01+ 238" G20

If e, does not conform to Eq. (3-21), then it falls beypnd
the scope of this Standard.

(d) When carrier rings are used, they shall be centdred
such that they do not protrude into the pipe at any pdint.

3-5.6 Method of Fixing and Gaskets

(1) 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 prinjary
device between flanges, it is necessary to allow for its free
thermal expansion and to avoid buckling and distortjon.

(b) Gaskets or sealing rings shall be made and insefted
in such a way that they do not protrude at any poin{ in-

with thefottowing refationships:

S
2104
AD D
== <0002 —— 3-19
D <0.1+2.SB4> (-19)
AD o5 3-20
o =0 (3-20)
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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.
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Table 3A-1 ISA 1932 Nozzle: Discharge Coefficient, C
Discharge Coefficient, C, for Rp Equal to
Diarpeter
Rat{o, B 2 (10%) 3 (104 5 (10%) 7 (10%) 1 (105 3 (10%) 1 (109) 2 (109) 1 (107)
0.p0 0.9855 0.9865 0.9878 0.9882 0.9883 0.9884
0.p2 0.9847 0.9858 0.9873 0.9877 0.9878 0.9879
0.p4 0.9838 0.9850 0.9866 0.9871 0.9872 0.9873
0.B6 0.9828 0.9840 0.9859 0.9864 0.9865 0.9866
0.p8 0.9816 0.9830 0.9849. 0.9855 0.9856 0.9857
0.k0 0.9803 0.9818 0.9839 0.9845 0.9846 0.9847
0.p2 - - - 0.9789 0.9805 0.9827 0.9833 0.9834 0.9835
0.4 0.9616 0.9692 0.9750 0.9773 0.9789 0.9813 0.9820 0.9821 0.9822
0.5 0.9604 0.9682 0.9741 0.9764 0.9781 0.9805 0.9812 0.9813 0.9814
0.h6 0.9592 0.9672 0.9731 0.9755 0.9773 0.9797 0.9804 0.9805 0.9806
0h7 0.9579 0.9661 0.9722 0.9746 0.9763 0.9788 0.9795 0.9797 0.9797
048 0.9567 0.9650 0.9711 0.9736 0.9754 0.9779 0.9786 0.9787 0.9788
0.k9 0.9554 0.9638 0.9700 0.9726 0.9743 0.9769 0.9776 0.9777 0.9778
0.p0 0.9542 0.9626 0.9689 0.9715 0.9733 0.9758 0.9766 0.9767 0.9768
0p1 0.9529 0.9614 0.9678 0.9703 0.9721 0.9747 0.9754 0.9756 0.9757
0.p2 0.9516 0.9602 0.9665 0.9691 0.9709 0.9735 0.9743 0.9744 0.9745
0.p3 0.9503 0.9589 0.9653 0.9678 0.9696 0.9722 0.9730 0.9731 0.9732
0.p4 0.9490 0.9576 0.9639 0.9665 0.9683 0.9709 0.9717 0.9718 0.9719
0.p5 0.9477 0.9562 0.9626 0.9651 0.9669 0.9695 0.9702 0.9704 0.9705
0.p6 0.9464 0.9548 0.961 0.9637 0.9655 0.9680 0.9688 0.9689 0.9690
0.p7 0.9451 0.9534 0.9596 0.9621 0.9639 0.9664 0.9672 0.9673 0.9674
0.p8 0.9438 0.9520 0.9581 0.9606 0.9623 0.9648 0.9655 0.9656 0.9657
0.p9 0.9424 0.9505 0.9565 0.9589 0.9606 0.9630 0.9638 0.9639 0.9640
0.0 0.9411 0.9490 0.9548 0.9572 0.9588 0.9612 0.9619 0.9620 0.9621
0p1 0.9398 0.9474 0.9531 0.9554 0.9570 0.9593 0.9600 0.9601 0.9602
0.p2 0.9385 029458 0.9513 0.9535 0.9550 0.9573 0.9579 0.9580 0.9581
0.3 0.9371 09442 0.9494 0.9515 0.9530 0.9551 0.9558 0.9559 0.9560
0.p4 0.9358 0.9425 0.9475 0.9495 0.9509 0.9529 0.9535 0.9536 0.9537
065 0.9345 0.9408 0.9455 0.9473 0.9487 0.9506 0.9511 0.9512 0.9513
0.6 0.9332 0.9390 0.9434 0.9451 0.9464 0.9481 0.9487 0.9487 0.9488
0.p7 0,9319 0.9372 0.9412 0.9428 0.9440 0.9456 0.9460 0.9461 0.9462
0.8 0.9306 0.9354 0.9390 0.9404 0.9414 0.9429 0.9433 0.9434 0.9435
0.9 0.9293 0.9335 0.9367 0.9379 0.9388 0.9401 0.9405 0.9405 0.9406
0.0 0.9280 0.9316 0.9343 0.9353 0.9361 0.9372 0.9375 0.9375 0.9376
0.lz1 09268 0.9296 09318 09326 09332 09341 09344 09344 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

Discharge Coefficient, C, for Rp Equal to

Diameter
Ratio, B 1(10%) 2 (104 5 (10%) 1(10%) 2 (10%) 5 (10%) 1(109) 5 (109) 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 019947 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 09724 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 019388 0.9557 0.9707 0.9783 0.9836 0.9883 0.9907 0.9939 0.9947
0.79 09,9385 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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