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FOREWORD

Before the publication of this Standard, there was no standard covering the measurements
of fluid flows using small bore precision orifice meters (nominal line sizes of Y in through 1%

in.) using differential pressure devices. Most people have used ASME fluid meters for guidance
or obtained information from the manufacturers of proprietary devices.

This Standard has been prepared by the ASME Committee on Measurement of Fluid Flows in|
Closed Conduit (MFC).

Suggestions for improvement of this Standard should be sent to: Secretary, MFC, The American
Society of Mechanical Engineers, Three Park Avenue, New York, NY 10016.

This Standard was approved as an American National Standard on February 26;2003.

iv
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CORRESPONDENCE WITH THE MFC COMMITTEE

General. ASME Standards are developed and maintained with the intent to represent
the consensus of concerned interests. As such, users of this Standard mav interact with the

Committee by requesting interpretations, proposing revisions, and attending committee
meetings. Correspondence should be addressed to:

Secretary, MFC Standards Committee

The American Society of Mechanical Engineers
Three Park Avenue

New York, NY 10016-5990

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

The Committee welcomes proposals for revisions to this Standard. Such‘ptoposals should
be as specific as possible, citing the paragraph number(s), the propesed wording, and a
detailed description of the reasons for the proposal, including any pexrtirient documentation.

Interpretations. Upon request, the MFC Committee will refder an interpretation of
any requirement of the Standard. Interpretations can only be‘tendered in response to a
written request sent to the Secretary of the MFC Standards.Committee.

The request for interpretation should be clear and unambiguous. It is further recom-
mended that the inquirer submit his request in the folowing format:

Subject: Cite the applicable paragraph ntinber(s) and the topic of the inquiry.

Edition: Cite the applicable edition of the Standard for which the interpretation
is being requested.

Question: Phrase the question aS)a request for an interpretation of a specific

requirement suitable for genral understanding and use, not as a request
for an approval.of.a proprietary design or situation. The inquirer may
also include plans or drawings which are necessary to explain the ques-
tion; however, they should not contain proprietary names or infor-
mation.

Requests that are notlin) 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 procedurés provide for reconsideration of any interpretation when or if additional
information that'might affect an interpretation is available. Further, persons aggrieved by
an interpretation may appeal to the cognizant ASME Committee or Subcommittee. ASME
does not “approve”, “certify”, “rate”, or “endorse” any item, construction, proprietary
device, sondctivity.

Atfending Committee Meetings. The MFC Committee regularly holds meetings, which
are'open to the public. Persons wishing to attend any meeting should contact the Secretary
of-the MFC Standards Committee.

vi
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ASME MFC-14M-2003

MEASUREMENT OF FLUID FLOW USING
SMALL BORE PRECISION ORIFICE METERS

1| SCOPE AND FIELD OF APPLICATION

This Standard specifies the geometry and method of
use (installation and flowing conditions) for orifice
meters of 6 mm to 40 mm (% in. to 1% in.) line size
when they are inserted in a conduit running full. It also
gives necessary information for calculating flow rate
and its associated uncertainty.

[t applies only to differential pressure devices in which
the flow remains subsonic throughout the measuring
seftion, flow is steady or varies only slowly with time,
and the fluid is considered single-phase. In addition,
the uncertainties are given in the appropriate sections
of [this Standard for each of these devices within the pipe
size and Reynolds number limits, which are specified.
This Standard covers devices for which sufficient cali-
brptions have been made to enable the specification of
coherent systems of application and to enable calcula-
tigns to be made with certain predictable limits of uncers
tainty.

The devices introduced into the pipe are called pri-
mary devices. The term primary device also includes the
pressure taps and the associated upstreamr-and down-
stfeam piping. All other instruments or devices required
for the measurement or transmission.of the differential
pressures are known as secondary.eléments, and in com-
bination are referred to as the §edondary devices. This
Standard covers the primary devices; the secondary
dgvices will be mentionéd jonly occasionally, as and
when necessary for the proper operation of the primary
dgvice.

The different primary devices covered in this Stan-
dard are

a) orificesplates used with corner pressure taps;

b) orificeplates used with flange pressure taps;

c) specially designed orifice meters with integral fit-
tings:

Filban, T.J. 1961. The Orifice Flow Section for Mgtering
Low Rates of Flow. Instruments andy\Control $ystems
(February).

Filban, T.J. 1958. Orifice Metering, of Small Volumes in
Meter Tubes of % in., % in{,_and 1 in. Sizes Paper
presented at the ASME Application Gas Measufpement
Short Course.

Filban, T.J., and W.A, Griffin. 1959. Small-Diameter-Ori-
fice Metering. Téansactions of the ASME — Jornal of
Basic Engineering.”Paper No. 59-A-101.

Fluid Meters, Their Theory and Application. 1971. ¢th ed.

Publisher~American Society of Mechanical Engineers
(ASME‘International), Three Park Avenue, New York,
NY\10016; Order Department: 22 Law Drive, Bqx 2300,
Fairfield, NJ 07007

1SO 2186 Fluid Flow in Closed Conduits — Connpctions
for Pressure Signal Transmissions Between Primary
and Secondary Devices
I1SO 4006 Measurement of Fluid Flow in Closedl Con-
duits — Vocabulary and Symbols
ISO 4185 Measurement of Liquid Flow in Close Con-
duits — Weighing Method
ISO 5168 Measurement of Fluid Flow — Evaluation of
Uncertainties
ISO/DIS 8316 Measurement of Liquid Flow in [Closed
Conduits — Method by Collection of the Liqdid in a
Volumetric Tank

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

3 SYMBOLS AND DEFINITIONS

The vocabulary and symbols used in this Standard

2 REFERENCES AND RELATED DOCUMENTS

ASME MFC-1M Glossary of Terms Used in the Measure-
ment of Fluid Flow in Pipes

ASME MFC-2M Measurement Uncertainty for Fluid
Flow in Closed Conduits

ASME MFC-8M Fluid Flow in Closed Conduits — Con-
nections for Pressure Signal Transmissions Between
Primary and Secondary Devices

are defined in ASME MFC-1M and ISO 4006. The SI and
customary (U.S.) measurement units are used through-
out, with the SI units listed first and the customary units
following in parentheses, whenever stated.

3.1 Symbols

Table 1 reproduces the symbols and their respective
Sl and customary dimensional units that are used in this
Standard.
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ASME MFC-14M-2003 MEASUREMENT OF FLUID FLOW USING SMALL BORE PRECISION
ORIFICE METERS

Table 1 Symbols

Dimensions
M: Mass
L: Length U.S. Unit
T: Time [Note (1)]
Symbols Represented Quantity 6: Temperature SI Unit Customary
C Discharge coefficient dimensionless
Cp S'Jl‘.‘\_;ﬁl. freat—at—comstant l‘_7 T77 (//‘71 j/’(;\s mrote :’) BTU/’\‘llum mrote nR)
pressure
G, Specific heat at constant 1272971 J/(kg - mole - K) BTU/(lb,, - mole)- °R)
volume
c Speed of sound r ! m/s ft/s
D Upstream internal pipe diameter L m in.
at flowing conditions
d Diameter of orifice of primary L m in.
device at flowing conditions
dmeas Diameter at a specified L m in.
measured temperature
E Orifice plate thickness L m in.
e Relative uncertainty dimensionless
Fa Thermal expansion correction dimensionless
factor
G; Ideal specific gravity (gas), MW dimensionless
of gas/MW of air
MW of gas = Molecular weight M kg/mole lb,,/mole
of the gas
MW of air = Molecular weight of M kg/mole lb,,/mole
air = 28.96247
G Relative density (liquids), dimensionless
[Specific Gravity]
ge Conversion constant dimensionless kg - m/(N - s?) 32.17405 lby, - ft/(lbs - 52)
9o Standard acceleration due.to T2 m/s? ft/s?
gravity, 9.806650_mys?
[32.17405 ft/s?]
h Pressure loss [see Aw (h)]
hy, Differential\pressure [see Ap (hy)]
k (¢ Uniform equivalent roughness L m in.
L Ratio of pressure tap spacing to dimensionless
D, L =4¢/D
4 Pressure tap spacing from L m in.
orifice plate
n Polytropic exponent dimensionless
p Static pressure of the fluid MY T2 Pa lbs/in.?
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MEASUREMENT OF FLUID FLOW USING SMALL BORE PRECISION

ORIFICE METERS

Table 1 Symbols (Cont’d)

ASME MFC-14M-2003

Dimensions
M: Mass
L: Length U.S. Unit
T: Time [Note (1)]
Symbols Represented Quantity 6: Temperature SI Unit Customary
Pe Absolute critical pressure of a substance MLTE T2 Pa lbs/in.?
p SLGL;L plc):ulc UI[ I[:UVV;IIS f'lu;ul atl I‘V;l'_71 T77 FCI ‘lllJfIin.z
upstream pressure tap
Py Static pressure of flowing fluid at MLTY T Pa lb{in.?
downstream tap
g Mass rate of flow, mMT1 kg/s lb,}/s
dm = Prqy = Poquwp
q Volume rate of flow at flowing conditions rt s 3]s
q.b Volume rate of flow at base conditions, 137t m3/s 3]s
quw = quPPp
R Radius L m in.
R Arithmetical mean deviation from the L m in.
mean line of the profile (for further
details refer to ISO/R-468)
Rd, R4 Reynolds number referred to D or d dimensionless
T Absolute temperature of the flowing fluid 0 K °R
t Temperature of the flowing fluid [ °C °F
tbas Temperature at which dimension of the 6 °C °F
pipe and plates are measured
t, Reference Temperature 0 °C °F
u Mean axial velocity of the fluid=in"the pipe rt m/s ft/s
Y Expansion factor [see € (V)]
z Gas (vapor) compressihility factor dimensionless
ay Thermal expansionAfactor of the pipe o7t (m/m)/°C (inl./in.)/°F
ade Thermal expansion factor of the primary ot (m/m)/°C (in}/in.)/°F
element
B Diameter ratio, 8 = d/D, at flowing dimensionless
conditions
Ah (hy) Differential pressure [Note (2)] ML T2 Pa (inf-H,0)40,
[ lbs/
in.?2
w|(h) Pressure loss MLT? Pa lp/in.?
e(Y) Expansion factor dimensionless
& (Y9) Expansion factor based on upstream dimensionless
pressure
& (V) Expansion factor based on downstream dimensionless

pressure
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ASME MFC-14M-2003 MEASUREMENT OF FLUID FLOW USING SMALL BORE PRECISION
ORIFICE METERS

Table 1 Symbols (Cont’d)

Dimensions
M: Mass
L: Length U.S. Unit
T: Time [Note (1)]
Symbols Represented Quantity 6: Temperature Sl Unit Customary
K Isentropic exponent dimensionless
K1 :)EIILIUP;L CA'JUIICIIL :JO)CUI UTT \J;IIIEII);UII:CD)
upstream measurements
Ky Isentropic exponent based on dimensionless
downstream measurements
Km Mean isentropic exponent dimensionless
i Absolute viscosity of the fluid MLt Pa-s |b,,{ft-s g/(cm-s), Poise
[Note (3)]
v Kinematic viscosity of the 127t m?/s ft?/s
fluid, v = u/p
é Relative pressure loss dimensionless
of Density of flowing fluid mL2 kg /m3 lb,, /ft3
Db Density of fluid at base mL3 kg/m> lb,, /ft>
conditions
Pu, 68 Density of water at 68°F and mL kg/m?> lb,, /T3
14.696 psia; 62.32 lb,/ft>
[Note (4)]
T Pressure ratio, 7 = p,/p, dimensionless
1) Total angle of the divergent dimensjonless radian degree

GENERAL NOTES:

(@ Customary (U.S.) symbols are given in parentheses when-different from SI.

(b) Subfcript 1 refers to the upstream conditions.

() Subpcript 2 refers to the downstream conditions:

(d) Subkcript f refers to the flowing conditions.

(e) Subpcript r refers to reference temperaturétof 20°C (68°F).

NOTES:

(1) In this Standard, customary (U.S.).units’(in., psia, etc.) are given in the equations for the convenience of the user. They
are pften given in parentheses_ after/the Sl units.

(2) In thhe customary system of units,/ the in.-H,0 is a pressure unit and is equal to the difference between the pressure at
the pottom of a 1-in. column, of water at a temperature of 68°F, standard acceleration due to gravity of g, = 32.17405
ft/sec?, and standard atmospheric pressure of 14.696 psia on top of the water.

1in.-H,0 = 0.0360623 lbf/in.Z = 0.2486411 kPa

(3) In this Standardy for U.S. practice, centipoise is used for absolute viscosity and replaces the previous customary unit,
b, [ (ft-s):

Mep = 1488164 b, /(ft - S)

(b~ 5) (g 1488.164)
Web = T2 T 32.17405

(4) The value quoted in the Standard for density of water at 68°F and 14.696 psia is approximately 62.32 lbm. Refer to the
latest version of the ASME steam table for more significant digits, if necessary.
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MEASUREMENT OF FLUID FLOW USING SMALL BORE PRECISION
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3.2 Definitions

3.2.1 Pressure Measurement

differential pressure: difference between the static pressure
measured on the upstream side and on the downstream
side of the primary device. For installations other than
horizontal, the lead lines must be installed in accordance
with ASME MFC-8M (see also ISO 2186) to eliminate

ASME MFC-14M-2003

SI Units
C= Iom (3-1a)
T |2Ar-p
4 1- ﬁ4
Customary Units
C= dm - (3-1b)
00097010042 [ M-t

erfors due to elevation ditterences between the taps. The
term differential pressure is applicable only if the pressure
taps are in the positions specified by this Standard for
each standard primary device.

prgssure ratio: the absolute static pressure at the down-
stfeam pressure tap, divided by the pressure at the
upjstream pressure tap, pp/ps-

prgssure tap: hole or annular slot in a flange, fitting, or
the wall of a pipe of a primary device that is flush with
the inside surface.

-~

stdtic pressure of a fluid flowing through a primary device:
pressure measured by connecting a pressure measuring
ddvice to a pressure tap in the plane of the differential
pressure taps. Absolute static pressure is used in the
equations presented in this Standard.

3.2.2 Primary Devices

digmeter ratio of a primary element in a given pipe: the
dipmeter of the orifice divided by the internal diametet:
offthe measuring pipe upstream of the primary element.

orffice: opening of minimum cross-sectional afea in a
primary element. Standard primary element-orifices are
cifcular and coaxial with the pipe line.

orffice plate: thin plate in which a circular concentric hole
has been machined. A standard orifice plate is described
as|a thin plate and with a sharp_edge. The thickness of
the plate is small compared.with the hole diameter
(bpre), and the upstream.edge of the orifice is sharp and
square.

small bore integral orifice fittings: the primary element
design used with'precision bore orifice flowmeters hav-
ing integral_fittings may not conform to the designs
specified ity this Standard. Users of this Standard are
therefore-directed to consult manufacturers for design

and pérformance limitations of these flowmeters.

Vi-7

where for customary units the constant 0.0997019 is as

follows:
E L 2go Puw, 68°F
412y 12 (3-2)

and values of g, and p,, ¢gep\ate 32.17405 and 62131572,
respectively.

The numerical value of C is the same for djfferent
installations whenever such installations are ge¢pmetri-
cally similar and\tlows are characterized by identical
Reynolds nunibers. [See Egs. (3.13) and (3.14).] For lig-
uids, pr =94 = pp. Empirical equations for the digcharge
coefficient,/C, of this Standard were based on datd estab-
lished _experimentally (see para. 7). In these equations,
the\temperature of the orifice and the pipe is|at the
flowing fluid temperature.

expansion factor (or expansibility): calibration of 4 given
primary device by means of a compressible fluidl (gas),
shows that the ratio is dependent on the value| of the
Reynolds number, as well as on the values of the| differ-
ential pressure and variations in the isentropic exponent
of the gas.

The method adopted for representing these vatiations
consists in multiplying the discharge coefficient of the
primary device as determined by direct liquid dalibra-
tion for the same value of Reynolds number, by the
expansion factor defined by the following relatipnship:

3.2.3 Flow

discharge coefficients: calibration of standard primary
devices by means of nominally incompressible fluids
(liquids) shows that the discharge coefficient, C, a dimen-
sionless number defined by the following relation in a
given installation, is dependent only on the Reynolds
number for a given primary device. The discharge co-
efficient is given by the following:

SI Units
€ = S [ S— (3-3a)
T | 28ppp
4 1- ,34
Customary Units
Y, = Gm (3-3b)
000ozmancg? | Mwon
Vi-4

The value of ¢ (Y7) is equal to unity when the fluid
is incompressible (liquid) and less than unity when the
fluid is compressible (gas or vapor). This factor essen-
tially corrects for density differences between pressure
taps due to expansion of the gas to the lower pressure
at the downstream pressure tap. If a downstream pres-
sure tap is used to obtain the density, the downstream
expansion factor is defined as follows:
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ASME MFC-14M-2003

SI Units
6 = — (3-4a)
T |2Avee
4 1-46
Customary Units
Y, = G (3-4b)

MEASUREMENT OF FLUID FLOW USING SMALL BORE PRECISION
ORIFICE METERS

where c is the speed of sound.

The isentropic exponent is, in general, a function of
the fluid and its pressure and temperature, and can be
considered a normalized slope of the isentrope in the p-
p plane or a normalized speed of sound, c. For an ideal
gas at zero gage pressure, the isentropic exponent
defined by Eq. (3-8) above reduces to the ratio of the
ideal-gas specific heats as follows:

0.0907019004? | Lt
V1
This| method of correction is possible because experi-
menta] results show that ¢ (Y;) is practically indepen-
dent of the Reynolds number for a given diameter ratio
of a ptimary device, but is a function of the isentropic
expongnt of the flowing fluid and the differential pres-
sure rgtio.
The |numerical values of € (Y7) for orifices given in
this Sthndard have been based on experimental data.
The|relationship between € (Y;) and ¢, (Y>) is as
followp:

SI Unitp
=€ |1+ Ap (3-5a)
Pr2
Customfpiry Units
Y, =Y, [1+ 27-1;—31712 (3-5b)
where|¢ (Y1) is to be calculated using;:
SI Unitp
?—f’l’ = pﬂﬁ—”Ap (3-6a)
Customfiry Units
it L (3-6b)

_ w
2773 - pn  27.73 - pp b

NOTE: |The value of 27.73 is derived from conversion of psi to
inches ¢f water at 68°F as defined in Table 1.

isentropic exponent, k: in the"expansion of a gas or vapor
through a differential produiCer, the variation in the local
fluid density introduceés*a compressible flow effect on
the flow measurement that is taken into account by the
expangion factor, defined by Egs. (3-3), (3-4), and (3-5),
and uged in Egs/(7-3) and (7-4).

The frelationship between pressure and density for the
expangion'is assumed to be as follows:

X
I
DO
=

3-9)

In practice, it is sufficiently accurat¢ to substitute the
ratio of ideal-gas specific heats £0r the isentropic expo-
nent, provided the pressure,isiless than 0.25 times the
critical pressure.

A comparison of Eqs:(8-8) and (3-9) shows that the
polytropic exponent, ;-1 equal to the isentropic expo-
nent, k, only if k-is. constant along the isentrope.|In
practice, an avetage or effective mean value of the is¢n-
tropic exponent, k,, is used to estimate the polytropic
exponent,

Thecaverage or effective mean value is the sum of the
value of the isentropic exponent, «, at the high pressiyre
and‘the value at the low pressure divided by two.

For low pressure differentials, Ap/p < 0.04 (h,/p < 1]1),

and the isentropic exponent may be calculated using;:

SI Units

= T 6 (3-1pa)

Customary Units
C

= 1C,— 1986 (3-1p)

rate of flow of fluid passing through a primary device: mass
or volume of fluid passing through the orifice per uhit
time. In all cases, it is necessary to state explicifly
whether the mass rate of flow expressed in mass per
time unit or the volume rate of flow expressed in voluine

(%) = constant (3-7)

where 7 is the polytropic exponent
The isentropic exponent, a thermodynamic state prop-
erty, is defined as follows:

_p(¥ _ Gl
=5(E) =5 =2, e

per time tnit 15 being used:
The mass rate of flow can be determined, since it is

related to the pressure differential within the uncertainty

stated in this Standard, by the following formula:

SI Units
o > [ 2Appp
qm = = Ceid (3-11a)
4 1-p
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Customary Units

ASME MFC-14M-2003

conditions of use are the same (i.e., that it is in accor-
dance with this Standard). The flow element must be
calibrated if experimental data for the geometric and
fluid dynamic similarity do not exist.

Calibration of flow meters can be performed using a
range of techniques for both liquid and gas flows. These
include:

(a) gravimetric and timing (see ISO 4185)

G = 0.09970190CY;d> f—wp& (3-11b)
or for a downstream measurement:
SI Units
= T Ced? | 2Aree (3-12a)
im = 7 % | 2
—F
Customary Units
G = 0.09970190CY > ﬂ% (3-12b)

when d is at the flowing temperature.

NQTE: For liquids, € (Y1) and €, (Y>) are 1.0.

Raynolds number: in this Standard it is referred to as the
flyid properties (density and viscosity at the flowing
condition) immediate upstream of the primary element
anyd either (a) the upstream diameter of the pipe or (b) the
orjfice (bore) or throat diameter of the primary device.
Equations for calculating the Reynolds number are as
follows:

—_
—

SI|{Units
_ WD 4q.

Rp = v wuD (3-13a)

Customary Units

_uD 22738, O
Rp = n =~ wD (3513b)
Rp

R, = = 3-14
1= (3-14)

The value of the volume rate of fléw may be substi-
tufed at flowing or base conditiofis-to obtain the Reyn-
olfls number since

Gu= G- Py (3-15)

God = Gub " Po (3-16)

4 | PRINCIPLE OF MEASUREMENT AND METHOD OF

COMPUTATION
4.1 Principle of Measurement

The-principle of measurement is based on the installa-

(b) volumetric and timing (see ISO 4373 anddSP 8316)

(c) comparison to master meters or other tfansfer
standards traceable to an established or ‘acecepted state,
national, or international standards agency (e.g.,
National Institute of Standards and‘Technology).

These calibrations can be perforrhed in laboratoyy test-
ing facilities via in situ tests,Forin situ tests, the[uncer-
tainty statements of thisiStandard do not japply.
Uncertainty for the in siticalibration includes the over-
all uncertainty of the; calibration system depldyed to
calibrate the meteg.in situ.

From the mass flow rate determined by Eqs| (3-11)
and (3-12),the value of the volume rate of flow at flowing
or a selected base pressure and temperature can b¢ calcu-
lated by using Egs. (3-15) and (3-16).

4,2° Method of Sizing the Bore of the Selected
Primary Element

This Section applies to precision bore orificg flow-
meters having corner and flange tap designs that con-
form to the design criteria of this Standard. Userq of this
Standard should consult manufacturers for the| sizing
requirements of orifice meters that do not confprm to
these criteria. Some orifice flowmeters with integfral ori-
fice fittings may fall into this category.

When it is necessary to have a specified Ap (h},) for a
given flow rate, the throat diameter, d, can be cal¢ulated
using Egs. (3.11) and (3.12). The process is stated by
calculating an initial estimate for 8 from Ap (h,,) fssum-
ing € (Y) = 1 and C = 0.6. A final approximdtion is
obtained through an iterative process.

The iteration method shown below to select abore is
an example. Determination of the bore through itera-
tions using another variable (e.g., Reynolds nfimber,
velocity, etc.) is also possible.

In accurate sizing of the bore of any primary element,

tiormof arrorifice plateinmtoa conduit-wher a flowing
fluid is running full. The primary element causes a static
pressure difference between a point upstream of the
orifice plate and a point downstream of the plate. The
flow rate can be determined from the measured value
of this pressure difference, knowledge of the characteris-
tics of the flowing fluid, and the circumstances under
which the element is being used. It is assumed that the
element is geometrically and fluid dynamically similar
to one on which calibration was performed and that the

it is necessary to use an iterative procedure because the
discharge coefficient, C, and the expansion factor, € (Y),
are not initially known. These values are all 8 (d/D) ratio
dependent. It is, therefore, necessary to iterate for 8 and
then solve for the bore at the flowing temperature. By
substituting the relationship g°D* = d°, Egs. (3-11) and
(3-12) can be rearranged to equate the known design
factors to the B-dependent functions for iteration as
follows:
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SI Units
Ce £ _ m (4-1a)
1-F % D* 28ppr1
Customary Units
cy, £ m (4-1b)

J=B  0.09970190D? [y
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dj = [ 1+ apg (tf = bieas ) ] Arneas (4-3)

Df = |: 1+ ap ( tf_ Eimeas ) :| Diyeas (4-4)

When the orifice plate and the pipe are made of dissim-
ilar materials with different thermal expansion coeffi-
cients, the true value of the ratio of d/D, or B can be
calculated by using Eqs. (4-3) and (4-4).

where|all of the terms on the right hand side of the
equatipn are known and are constant at the design condi-
tions.

For gn iteration process, the B value can be determined
by reafranging Eq. (4-1) to obtain:

SI Unit

2.
-0.25

. \/ZAPPfl

m

1 D%Cn - 161“

4-2a
an (4-2a)

Customfpry Units
0.09970190 D}Y1 Cy_1 \/;Tpfl 27-0.25
b (4-2b)

B = Im

where|subscript n is the nth iteration and n — 1 is the
value pf the (n — 1)th iteration. The bore is then d =
B.D. The iterative process can be terminated when the
difference between the nth and the (n — 1)th results
achievp a desired precision. A typical criterion is +0.01%:

4.3 Computation of Flow Rate

For p given flow meter the actual measured-dimen-
sions ¢f d and D should be used to calculate the flow
rate a§ shown in para. 4.3.

4.3.1 The discharge coefficient,'C,)is dependent on
Rp, which in turn is dependent ong;,,. In such cases, the
final value of C, and hence-0f/q,, is to be obtained
by itefation from an initial\ehosen value of C (or Rp).
Generglly it may be convenient to adopt the value of C
at a Regynolds number selected at 80% of maximum flow
of the ystem being donsidered.

4.3.2 The valye Ap represents the differential pressure,
as defined in.para. 3.2.1.

4.3.8 (Values of d, D, and B in the formulae are the

The values that are obtained are then used i Eqs. |3-
9) and (3-10) to calculate the discharge coefficient,C;fhe
gas expansion factor, € (Y); and the flow rate corxesporjd-
ing to particular values of Ap, the density, p/and the
viscosity, v, and the flowing conditions;*When per-
forming these calculations a consistent'sét of units myist
be used.

4.3.4 However, the flow rate)presented in Egs. [3-
11) and (3-12), is to be calculated using the values of df
and Dy The diameter ratio, 8, at flowing condition fs:
d 1.+ (t - tmeas) dmeas
_Y . [ pE \tf ] e

Df [1 + ap (tf - tmeas)] D eas

The orifice/plate and meter tube should be labellgd,
stamped, or tagged with their respective diameteyrs.
These dimensions should be stated at a reference tem-
perature; t,, of 20°C (68°F). Dimensions are to be calqu-
lated’from the measured diameters for the temperatire
atithe time of measurement. Dimensions of the plate
should be two significant digits after the decimal for
dimensions in millimeters and four significant digits
after the decimal for dimensions in inches. If the dianpe-
ters are stated as D, or d,, it indicates that the dimensigns
are at 20°C (68°F). If the temperature for the stamped
dimensions is not clearly indicated, refer to the manufac-
turer for this information.

4.3.5 It is necessary to know the density and the
viscosity of the fluid under the conditions of the flpw
measurement.

4.4 Determination of Gas (Vapor) Density

The density of the gas (vapor) is required to be knoyvn
at either the plane of the upstream pressure tap or the
plane of the downstream tap. It can either be measm]ed
directly with a densitometer or calculated from the fldid
properties and Equations of State. A useful relatipn
using ideal specific gravity is as follows:

values atflowing conditions, and Teasurernents takem at
any other condition should be corrected for any possible
expansion or contraction of the primary device and the
pipe due to any change in the fluid temperature during
the measurement.

It must be assumed that the primary device is at the
same temperature as the pipe and therefore, the diame-
ter ratio, B, will normally change insignificantly with
temperature. The D and d values at any flowing temper-
ature can be calculated with the following equations:

SI Units
pr = 0.003483407 —sz T (4-6a)
Customary Units
pr = 2.698825 G (4-6b)

Zs Ty

For calculating the density of a gas or vapor at base
conditions (p;), the base temperature, pressure, and the
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compressibility factors are substituted into Eq. (4-6).

4.4.1 The static pressure of the fluid shall be mea-
sured in the radial plane of the upstream or the down-
stream pressure tap, by means of a separate pressure
tap or by connecting in common with the differential
pressure measurement or by means of carrier ring taps
(see para. 5). Flow in or out of the pressure measurement
line may cause an error in the differential pressure mea-

ASME MFC-14M-2003

changed enough to lack conformity with this Standard.

5.1.3 The coefficient of thermal expansion of the
material used in the primary device (apg) and of the
pipe (ap) must be known if flowing temperature is differ-
ent from that at which the diameters were measured.
See paras. 4.3.3 and 4.3.4.

5.2 Type of Fluid

surement. Use of separate taps for static and differential
pressure measurement can alter the lead line volume
and may reduce this error if it is occurring.

4.4.2 Although the temperature of the fluid from
which the density and viscosity can be determined is
preferably the one in the upstream pressure tap plane,
a yvell or protrusion located there may introduce errors.
It may be assumed that the downstream and upstream
temperatures are the same providing, for gas, that p,/
p1|= 0.85, and therefore, the temperature of the fluid
shhall be measured downstream of the primary device.
THe thermometer well should take up as little space
as| possible but should have adequate penetration to
cofrectly monitor the flowing temperature. The distance
between it and the primary device shall be at least equal
to|5D and a maximum distance of 15D.

4.4.3 Any method of determining reliable values of
the pressure, temperature, viscosity, and density of the
flyid is acceptable, providing the locations of pockets,
well, protrusions, etc., are within the requirements<of
thls Standard, and do not interfere with the distribution
of[the flow (see Table 2).

5| GENERAL MEASUREMENT REQUIREMENTS
5.1 Primary Device

5.1.1 The primary device'is-defined as a metering
seftion and an orifice plate-The tolerances for these are
dgscribed in para. 6.

When the manufacturing characteristics and condi-
tigns of use for the primary devices are outside the limits
given in this Stamdard, it is necessary to calibrate the
primary device-under, as nearly as practical, the actual
conditions/of use. This may be particularly true for some
precision\bore orifice flowmeters having integral fit-
tings, ‘afid users of those meters should contact the man-
ufiacturer for relevant information about these

=

5.2.1 The fluid may be either compressible (jgas) or
incompressible (liquid).

5.2.2 The fluid shall for all practical purpgses be
physically and thermally homogeneous and of single
phase through the primary device.

5.2.3 The density and viscosity of the fluid] at the
flowing conditions must ‘be known; see para. 4.4 for
determination of density for known pressure and tem-
perature.

5.3 Flow Conditions

5.3.1 Therate of flow shall be constant or, in practice,
vary only.slowly with time to consider the flow aq quasi-
steady.\This Standard does not provide guidance(for the
measurement of pulsating flow.

For information on pulsating flow measuremgnt, see
ISO Technical Report 3313, Measurement of Pulsating
Fluid Flow by Means of Orifice Plates, Nozzles ¢r Ven-
turi Tubes, in Particular in the Case of Sinusofjdal or
Square Wave Intermittent Periodic Type Fluctuation.

5.3.2 The uncertainties specified in this Standprd are
valid only when there is no change of phase through
the primary device. If liquid vaporization occurg in the
primary element, it should be eliminated. This may be
achieved by increasing the static pressure and/orreduc-
ing the temperature. If condensation is occurrirjg with
compressible fluid flow, it should be eliminatedl. This
may be achieved by reducing the static pressurp and/
or increasing the temperature. To predict whethqr there
is a phase change, the flow computation shall be per-
formed on the assumption that the expansion is isother-
mal if the fluid is a liquid, or isentropic if the fliid is a
gas, because the temperature of the transition is [critical
for gas.

5.3.3 If the fluid is a gas, the pressure ratio| pp/pn

flowmeters. After the calibration, additional uncertain-
ties may be calculated only insofar as this Standard is
followed. If this Standard is not followed, no guidance
can be given.

5.1.2 To avoid greater uncertainties than those given
in this Standard, it is recommended that a primary
device used for flow measurement be visually checked
periodically, more often if inspection shows that the
edge sharpness, surface roughness, or plate flatness has

as defined in para 321 shall be pqna] to or preater

than 0.85.

6 INSTALLATION REQUIREMENTS

This Standard covers three design concepts for preci-
sion bore orifice flowmeters. They are

(a) flange tap designs

(b) corner tap designs, and

(c) integral orifice fitting designs
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Table 2 Minimum Recommended Upstream Straight Length Required to Achieve an
Uncertainty of +0.75%

Upstream (Inlet) of the Primary Device

Two or More Reducer Expander
Single 90 deg Two or More 90 deg (2Dto D (0.5Dto D Full Bore
Bend or Tee 90 deg Bends in Over a Over a Ball or

B (Flow From One Bends in the Different Length of Length of Globe Valve Gate Valve

[Note (1)] Branch Only) Same Plane Planes 1.5D to 3D) 1D to 2D) Fully Open Fully Open
0.10 24 25 30 20 22 24 22
0.15 24 25 30 20 22 24 22
0.20 24 25 30 20 22 24 22
0.25 24 25 30 20 22 24 22
0.30 24 26 30 20 22 24 22
0.35 24 26 31 20 22 24 22
0.40 25 27 31 20 22 25 22
0.45 25 27 32 20 23 25 23
0.50 25 28 33 20 23 25 23
0.55 26 29 35 20 24 26 24
0.60 27 31 37 20 25 27 25
0.65 29 32 39 21 26 29 26
0.70 32 35 42 23 28 32 28
0.75 35 38 45 25 30 35 30
0.80 40 45 50 30 35 40 35

GENERAL NOTES:
(@ Min
sho
Thig
parg
face
are
Inte
unc
ups
as tp the uncertainty limits or flow conditioner locatioh
NOTE:

(1) For

Ild be obtained from the manufacturer of the device.

(b)

hot available to quantify the improvement.

©

platp is 10D.

Flow meters having integral orifice fittings may not
conforn to the design spgcifications stated in this Stan-
dard. Manufacturers should be consulted for informa-
tion pertaining to-the installation and performance
characteristics of _these meters.

The |installation' requirements described in paras. 6.1
through 6.5:apply to the corner tap and flange tap
designs,.and para. 6.6 applies to integral orifice fitting

mum upstream straight pipe requirements for different pipe installations of.proprietary precision bore orifice meters

table is valid only for those installations for which the pipe immediately*upstream of the orifice plate conforms to
. 5. All straight lengths are expressed as multiples of the diameter,-D5and shall be measured from the upstream
of the primary device. If the straight pipe lengths are increased, the' measurement precision may improve, but data

polation for intermediate, B values can be used. Lengths given in Table 2 require no additional uncertainty, but the
brtainty for shorter lengths are not well enough known to be given in this Standard. A flow conditioner placed
ream of the orifice plate may reduce the minimum straight pipe requirements of Table 2, but data are not available

bll B values with abrupt symmetrical reduction_having a diameter ratio of > 0.5, the minimum upstream straight
length required is 30D. No additional length.of downstream pipe is necessary if the pipe fitting downstream of the
metpr is at least 10 diameters from the orifice’ plate. Minimum recommended straight pipe downstream of the orifice

immediately upstream approach those of a fully deviel-
oped velocity profile and are free from swirl. Such confi-
tions may be expected to exist if the installatipn
conforms to the requirements given in this Section.

6.1.4 The primary device shall be installed between
two sections of straight cylindrical pipe over the length
of which there is no obstruction or branch connecti¢n,

designks
6.1 General

6.1.1 The method of measurement applies only to
fluids flowing through a pipeline of circular cross-
section.

6.1.2 The pipe shall run full at the measuring section.

6.1.3 The primary device shall be installed in the
pipe line at a position such that the flow conditions

10

other than those specified in this Standard. The pipe is
considered straight when it appears to be reasonably so
by visual inspection. The required minimum straight
lengths of pipe, which conform to the description in this
Standard, vary according to the piping arrangement, the
type of primary device, and the diameter ratio.

6.1.5 No steps are allowed within 10D upstream of
the orifice plate.
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6.2 Metering Section

6.2.1 This Standard applies to line sizes that are
nominally 6 mm, 12 mm, 18 mm, 25 mm, and 40 mm
4 in., % in., % in., 1 in., and 1% in.).

6.2.2 The inside diameter of both the upstream and
downstream sections of the meter tube (i.e., pipe and
flanges) shall be circular and cylindrical within a toler-

ASME MFC-14M-2003

< Thickness, E, of the plate

Upstream face, A —»| <~ Downstream face, B

Angle of bevel, F

‘ 1 PaNPar-Y PPV~ O )
ance OT TTO ITTOTIE UTdIT TU.UZD ITIT (TU.UUL 1I1.).

6.2.3 The diameter of the meter used for all calcula-
tigns shall be the average of four diameter measurement
mhde at 6 mm (% in.) from the upstream face of the
fice plate location.

=

6.2.4 The surface roughness of the metering section
shhll be less than 0.25 pm (10 pin.). Surface irregularities
within this tolerance are allowed.

6.2.5 The meter tube length shall be a minimum of
18D upstream and 8D downstream. However, additional
stfaight lengths of ordinary pipe may be required by
the recommendations of Table 2.

6.B Orifice Plate

Refer to Fig. 1 for tolerances on and nomenclature for
different parameters.

6.3.1 The orifice plate shall be perpendicular to the
metering section within +1 deg.

6.3.2 The orifice plate shall be centered within 04
mm (0.015 in.) of the meter section centerline.

6.3.3 The upstream face, A, of the plate (Fig-1) shall
be| flat. It is considered as such when the maximum gap
between it and a straight edge of length, D, laid across
it pnywhere is less than 0.01 (D — d)/2. It is assumed
that the orifice plate mounting does.not distort the plate.

6.3.4 The surface roughness,of the orifice plate shall

be less than 0.00127 mm (50, win.).

6.3.5 There shall besno drain or vent holes in the

orffice plate.

6.3.6 The orifice plate thickness, E, shall be no
grpater than 3.2-mm (% in.).

6.3.7 (The values of E measured at different points
of|thecplate shall not differ among themselves by more
thari 0.001D.

Thickness, e, of the|orifice

Axial centerline

Direction of flow

Downstream

edges, Hangl /

Y A

Upstream/
edge, G

Fig. 1 Standard Orifice Plate

no bevel is required. This is to eliminate the inadyertent

6.3.8 The orifice edge thickness, ¢, shall not exceed
0.02D or 0.125d, whichever is smaller.

6.3.9 All plates must be beveled on the outlet side or
the downstream side of the orifice unless their thickness
(para. 6.3.6) is equal to or less than the orifice edge
thickness (para. 6.3.8). If a bevel is required, the angle
of bevel, F, shall be approximately 45 deg +5 deg. If the
bevel thickness (E — e) is less than 0.8 mm (%, in.), the
orifice plate thickness (E), should be decreased, so that

11

mnstallation of an orifice plate with the bevel facing
upstream, because beveled plates with bevel thickness
less than 0.8 mm (%, in.) may be difficult to observe
during the installation of the plate in the field.

6.3.10 The upstream edge, G, and the downstream
edges, H and I, shall have neither wire-edges, burrs, nor,
in general, any peculiarities visible to the naked eye.

6.3.11 The upstream edge shall be sharp. A sharp
edge is one whose radius is less than or equal to 0.0004d
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or 0.0025 mm (0.0001 in.), whichever is larger.

6.3.12 The value, d, of the diameter of the orifice
shall be taken as the mean of the measurements of at least
four diameters at approximately equal angular spacing,
corrected for thermal expansion (see para. 4.3.3). No
diameter measurement shall differ from another by more
than 0.00762 mm (0.0003 in.).

MEASUREMENT OF FLUID FLOW USING SMALL BORE PRECISION
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6.4.2.1 The pressure taps are to be 1 in. (25.4 mm)
upstream and downstream of the respective face of the
plate as shown in Fig. 3.

6.4.2.2 The centerline of the taps shall meet the
pipe centerline and be at right angles to within +2 deg.

6.4.2.3 At the point of breakthrough, the edges
should be flush with the internal surface of the pipe

6.3.13~ The ratio B = d/D must always be equal to
or gredter than 0.1 and less than or equal to 0.8 for corner

ged taps, the axes of the upstream and down-
taps should be located in the same azimuthal
plane normal to the flow. At least one upstream pressure
tap anfl one downstream pressure tap shall be provided
for eagh primary device installed in one of the recom-
mendgd standard positions.

NOTE: |Although there are not enough data to make‘quantitative
statements, there is good evidence that connecting two or more
taps eqpally spaced around the periphery can materially reduce
the effe¢ts of eccentricity, nonuniform flow prefile, pulsating flow,
etc. Anrjular chambers are often used for the interconnection. Care
must bq taken to avoid vapor condensation of liquid vaporization
in the ekternal lead lines.

A sirjgle plate can be used-writh several sets of pressure
taps. To avoid flow-induced interference between taps
on the same side of<the" orifice plate, taps shall be at
least 4p deg apart,

6.4,
uratio

| Differential Pressure Taps for Corner Tap Config-

6]&.1.1 The arrangement of the corner taps is

wall and be sharp. 1o ensure the elimimation ot all bufrs
or wire edges at the inner edge, rounding shall be ppr-
mitted but shall be kept as small as possible and)where
it can be measured: its radius shall be less\than {.4
mm (0.015 in.). No irregularities shall appear inside ]he
connecting hole, on the edges of the hole drilled in the
pipe wall, or in the pipe wall close{to the pressure tap.

6.4.2.4 Conformity of thepressure taps with parps.
6.4.1.1 and 6.4.1.2 can be judged visually.

6.4.2.5 Recommended diameter of the tap holes
through the pipe wall’of flange should be less than|or
equal to either 6 mpa(0.25 in.) or Dy, whichever is smal

6.4.2.6 The pressure tap holes shall be circular
and cylindfical. These holes may increase in diamefer
at any location away from the inner wall. Howeverf if
they dre.decreased, this decrease may not occur for|at
least15 mm (0.625 in.) away from the pipe inner wall.

6.5 Upstream and Downstream Straight Lengths far
Installation Between Various Fittings and the
Primary Device

A typical small bore honed orifice-flow section wjth
corner taps is shown in Fig. 4.

6.5.1 For no additional uncertainty of the dischaige
coefficient value when pipe fittings are installed
upstream of the orifice plate, straight lengths of pipe
must be installed upstream in addition to the minimym
length recommended in para 6.2. Additional lengths for
different upstream pipe fittings are listed in Table| 2.
However, additional pipe lengths may have surfgce
roughness of commercial grade pipe. For the uncertainty
value of discharge coefficient, refer to para. 6.2.5 for
minimum lengths. No additional length of downstregm
pipe is necessary if the pipe fitting downstream of {he
meter is at least 10 diameters from the orifice plate.

For proprietary designs, consult the manufacturer’s

shown in Fig. 2.

6.4.1.2 At least one upstream tap and one down-
stream tap shall be connected to the annular chamber
for each primary device.

6.4.1.3 Edges of the annular chambers should be
sharp and square.

6.4.2 Differential Pressure Taps for Flange Tap Config-
uration

12

H Jdad L fupoiolt o2 1 th
TITITTITITUITT TCCUTITIITCITUC U ul.IDI.J.L(/I.J.J.I. DIJ.(AJ.&].[I. tjll.l\./ J.\./l.lb

requirements for different pipe fittings.

6.5.2 When either the upstream or the downstream
straight lengths are shorter than the values given in
Table 2, this Standard gives no information by which to
predict the value of any further uncertainty to be taken
into account.

6.5.3 The valves mentioned in Table 2 shall be fully
opened. It is recommended that control of the flow rate
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Gasket
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Tap hole —#
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Orifice plate
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Annular b
groove ‘A—
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— o-r]

N

- Axial centerline
[

Ring Joint Type

Direction of flow

‘1
N

Y
}

<_

tap holeé diameter 3.18 mm (Y4 in.) <

thickness of slot 1.59 mm (Y in) <

= can be any distance, but a dimension o
mistaken as a flange tap

c
a
b

IA A

a
b
c

be| achieved by valves located downstream of the pri-
marysdevice. Isolating valves located upstream shall be

a ¢

Y

4
3
1

NS

.76 mm (/¢ in.)
.18 mm (Y4 in)
in. should be avoided so that the corner tap is not

Fig. 2 Corner Tap Geometry

/10NN

Integral type
! ring joint plate

|<—c—>

are to be treated as bias error limits as outlined inf ASME

MEFC-2.

c 11 £ 11 £11 1 11 11
p[ CICTaDTy O UIC 5d1c O Ddll 1y pPc, TUull DOIC, dITtd SIidIl

be fully opened.

6.5.4 After asingle change of direction (bend or tee),
it is recommended that if pairs of single taps are used,
they be installed so that their axes will be perpendicular
to the plane of the bend or tee.

6.5.5 The upstream lengths of pipe given in this
Standard for given uncertainties are based on data taken
in 1927 and analyzed in the 1930s. These uncertainties

13

For important I1ow measurements, it is recom-
mended to:

(a) use lengths longer than specified in Table 2 where
possible;

(b) calibrate in situ or in a piping configuration identi-
cal to the actual meter run installation.
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Fig. 3 Location for Orifice

6.6 Installation Requirements for-Precision Bore

o

Orif
confor
may h
given
noncol

ifice Meters Having Integral Fittings

ce flowmeters havingintegral fittings that do not
In to the design spegifications in this Standard
hve different installation requirements than those
n paras. 6.5.  through 6.5.6. Users of meters with
(forming integral fitting design should therefore

given below for small bore precision orifice flowmete

7.1 Discharge Coefficient for Corner Taps

of 12 mm to 40 mm (% in. to 1% in.) is as follows:

Flange Pressure Taps

The empirical equation for discharge coefficients are

The discharge coefficient for nominal pipe diameters

consulf the manGfacturers for installation requirements. C = [ 0.5991 + %
0.0175 .
7 DISCHARGE COEFFICIENT AND EMPIRICAL 03155+ 257 ) (4 21’16)] -8 g
EQUATIONS
+ [%— 0.192 + ( 16.48 - %)
The discharge coefficients of small bore precision ori-
fice flowmeters vary with the design. The discharge coef- (B +46%) 1-
ficient for integral orifice fitting may also vary because Rp

of design differences between manufacturers. Users of

integral orifice fittings should contact the manufacturer =~ where

for the values of discharge coefficients and expansion D = inside diameter of the meter tube, in.
factors (for compressible fluid) for their operating flow- Rp = pipe Reynolds number

ing conditions. B = orifice diameter/pipe diameter
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