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Fareword

Unti] now there has been no U. §. Standard covering all of the measurements cof fluid
flows through closed conduits and pipes and using differential pressure devices
(primary elements), Most people have used for quidance the ASME "Fluid Meters”.

The International Standards Organization ¢(I50) developed a general use standard 180
5167, but incorporating expressions for discharge coefficients that the A.S.M.E. Fluid
Meters Research committee determined covers a considerably broader span of fluids and
flowing tonditions and recduced the uncertainty in the prediction of the discharge
caefficient, :

Thie Standard has been prepared by the ASME Standards Committee for the Measurement of
Fluid Fiow in Closed Conduits (MFFCC) and incorporates the ASME-IS0 orifice
coefficient egquations in both US and SI units., It is intended to cover the broader
requirements ot flow measurements found throughout industry using differential
producing flowmeters. This Standard 15 intended to be a practical working document,
with representative cateylations for some of the equations given in Appendix B.

In order to assiet the U, &, user to participate better in international trade, this
Standard has been made ag consictent apd technically egquivalent as practical with the
180 5147 and it contains the came S units and also customary US units, in brackets, [
I, There have been some techaical and many editorial changes made in consideration of
U.g. practice and some new technical insights,

This document was approved as an ASME Standard on September 24, 1983,

The chanoe 1n scope was approved by the Board on Standardization and accepled by the
Council on Codes and Standards.
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ERRATA
to

ASME MFC-3M-1985
MEASUREMENT OF FLUID FLOW IN PIPES LSING DRIFICE, NOZZLE, AND VENTUR)

Uniform equivalent royghness, delete (€], use K for both US and SI
2.4.3, 4tk line, change “32° to “31°
line 14, Change “32° to 31’
line above Eq ¢, add at end “See 4,3.2.2
3.3 ¢, Yine &, delete “and therefcre..... Jtemperature’
line 11, delete “1¢ there is....... coefficients’
line 446 (line above 5.1.3), add at end “for orifice plates aznd Table &
for venturis” ’
(Eg 19), change 0.0135 to 0.0025
5.3, 3), change to “Calibrate in-situ or in a calibration installation
as neariy as possible identical {o the planned fiow measurement”
1), add “and’ at end of sentence
3}, change ‘calibrated” to “calibrate’
5.4, all paragraphs, change ‘table 2’ to ’tables 2 & &’
Tabile 2, change “orifice plates’ to “norzles and orsfice plates”
ARdd 3) in caption of columns 2 nd 3
Add at bottom of page “Note 3) The insertion of S to 10D straight
tengths between the bends 15 sufficient to maKe the combined effect the
same as the single bends tn the left column.”
12, 2), 3), rearrange to be same as 5.3
Eq 20, 21, 22 change “P’ to “P#° and ‘v’ to ‘U’
Fig 4, add to upper part "D, D/2 taps’, to lower ‘Flange Taps’
Delete 311 references to € and use K.
6.3.3.1, line 4, delete “{€/DI1"
7.1.2, Vine 3, change 70" to ’45°
8.2.1, line 4, thange “%07 tg ~4%°
8.2.3, line %, change "90” to 45~
Fig 8, titte, add after ‘ASME" ‘Rough Cast’

add notation “ uncertainty band”

line 2, delete (€/D]
Tablie 4, add as note 4) the came note as 3) in Table 2.
Eq 38a & 38Bb, 4th term in brackets, denominator, change ‘D’ to ‘g’
final term in brackets, denominator, change “f’ to *2p‘
Heading, delete (€]
U5 column heading, change “€° to 'k’
Table B2, change ‘K=1.4" %o “Isentropic exponent K=1.,4°
‘Kk=1.3" to “Icentropic exponent ¥=1,3’
C.4, delete "[€/D)
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ASME STANDARD

MEASUREMENT OF FLUID FLOW IH PIFES USING ORIFICE, NOZZLE, AND VENTURI

1. SCOPE AND FIELD OF APPLICATION

This Standard specifies the geometry and method of use (inztallation and flowing
conditions) for orifice plates, nozzles and venturi tubes when they are inserted in a
conduit running full, to determine the rate of the 4luid flowing. It also gtves
necessary information for calculating flow rate and its associated uncertainty,

1t applies only to pressure difference devices in which the flow remxins turbuylent and
subconic throughout the measuring section, is steady or varies onjy slowly with time
and the fluid 1s considered single-phased. 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,

It deals with devices for which sufficient calibrations have been made tc enahle the
specifitation of coherent systeme of application &nd to enable calcutations to be made
with certain predictable 1imits of uncertainty.

The devices introduced into the pipe are called “primary devices.” The term primary
device aleo includes the pressure taps and the ascociated upstream and downstream
piping. All other instruments or devices requireg for the measurement or transmission
of the differential pressures are Known as "secondary eiements™, and in combination
are referred to as the secondary devices, This Standard covere the primary devices,
secondary devices' will be mentioned only occasionally.

The different primary devices covered in this Standard are as follows:

~ orifice plates, which can be used with the varicus following arrangements of
pressure taps:

- flange pressure taps.

- D and D/2 pressure taps,?

- corner pressure taps

- nozzles:
- ASME Tong radius nozzles.

- venturi tubes
- ctassical venturi tubes 3,

Please note that this Standard does not cover pipe or conduit sizes under 30 mm {2
inJ{nominall.

This Standard does not apply to ASME Performance Test Code Measurements.

This Standard is applicable to measurement of flow of any fluid, (liquid, vapor, or
asl}

? See 150 2186, “Fluid flow in closed conduits - Connections for pressure signal

transmission between primary and secondary devices’ and APl RP350.

T Ocitice plates with vena contracta taps are not considered in this Standard.

* In the US the classical venturi tube is sometimes called the Herschel venturi tube.



2. SYMPOLS AND DEFINITIONG
The vorabylary and symbols used in this Standard are defined in ANSL/AEME MFC-IM "Glossar:
of the Terms Used in the Measurément of Fiuid Flow in Pipes’ and (n IS0 4004, "Messuremen:t
fluid fiow in closed conayits - Vocabulary and symbols’. Si and US measurement units are
used theogughout, the Sl unite first and the US units ¢ollowing in brackets, [ 1.

Table § reproducas the symbols which are uvsed 1n this Standard,
The definitions in the following sections are gtven only for terms used in some special ge-ze
or for terms the meaning o+ which 1t seems userul to emphasize.

2.1 Svmools THEBLE 1 - Srmuols
Dimensions:
) M: macs W_ ‘T .
Symbols Represented quantity L: length S Unit Us Unit.
T: time {see Note ™)
U3 symbole are given in (] when different from S |8: temperatyre Customary
C Digcharge Coefficient dimensioniess
C, Specific heat al constant pressure L177 %7 J ETY .
KgsmolesK Iboemoles 7
¢ Diameter of orifice or throat of primary L m in
Cevite at flowing conditions
Copag Diameter at a specified measured temperature L m in
0 Upstream internal pipe diameter (ar upstream L m in
diameter of a ciassical ventuyry tupe:’ at
flowing conditions
e Relative uncertainty dimenzicgnless
E Gritice plate ihicKness L m in
e, Orifice eccentricity dimensionless
Fa Thermal Expansion Correction Factor dimensiconless
G, fgass H“(gas)’““(air} {ldeal Specific Gravityl dimensicnless
MagassT Molecular weight of the gas M kg/male ibo/mole
Mw, . iry= Molecular weight of air=28.%424 M Kg-mole 1b,/mole
G (ltiguids) Relative density [Specific gravityl dimensioniess i
Kgewm 3T .4740T ST n
=] Conuarsien consiant dimensiontess = —
e “ 1byes®
g, Standard acceleration due to gravity, L77¢ mss? ftrs?
9.806650 m/s” [32.17405 ft/s7)
h Preszure logse (See au [h])
h, Differentizl Pressure (Se2 aplh 1)
K Uniform equivaient roughness (see Appendix A} L in
1 Pressure tap spacing from orifice piate L in
L Ratio ot pressure tap spacing o D, L = /D dimensionless
n Polytiropic exponent dimepsionless
p  Static pressure of the fluid HMLTATT? Pa }bf/'ln1
Pe Critical absolute pressure of a substance MLTYTT? Pa Ibf/in2
p; Static pressure of flowing fluid at upstream ISR Pa lb*/in2
1 pressure tap
p; Static pressure of flowing fluid at downstream MLTETT2 Fa 1b./in?
2 pressure tap
a, Mass rate of flow q, = pa =Py MT T} Kg/s 1b,/s
q, Velume rate of flow at flowing conditions L7 m3/s £t/s
qu Volume rate of 4low at base conditions LTt mi/s EASFAY
Gy = G*PiPp




R Radius L m in
R. Arithmeticz) mean deviation from the mesn line L m in

4 of the protile (see 1SO0/F 448)
RD'Rd Revnolds number referrec to D or ¢ dimensicnless

t  Temperature of the flowing fluic 8 °C °F
T absolule temperature of the ficwing fluid 5 K °R
U Mean axial velocity of the fluic in the pipe L7 /s T oftss
Y Expansion Factor (See ¢ [Y1) dimensicnless

2 Gas (vapor) compressibility fac‘tor dimensionless

@ Thermal expansion factor of the pipe 8t moms C inZin/’F
Tpe Thermal expansion facter of the primary device g ° mems e insinsF
8 Diameter ratio, B = /0 c:mensicniecs
aplh,1 Differential pressure (se¢ ncie | Lelow) MLTETTC Pa CinH, 0> -
8ufhl Pressure loss ML Fa tbg/in’
£fY] Expansion factor cimencionlecs

c:[Yll Expansion tactor based on upsiream pressure CimeENSICRigEss

¢,[Y,] Expansion factor based on downsiream gimensronlese

pressure
X lsentropic exponent dimenczicnlecs
Ky Isentropic exponent based on upsiream cimencionlecs
measurements
X, Isentropic exponent based on downstream dimansicnlessl
measurements
kq Mean tsentropic exponent gimensionless
U Absolute viscosity of the fluic MLTRTR Pass geen/s?,
(see Note™)

u Kinematic viscosity of the fluig, v = p/e L3 mi/s Ftiss

¥ Relative pressure loss cimenciaonlege
p¢ Density of flowing fluigd m? kg/m® AN
Py Density of fluid at base conditions ML ko/m’ by /¢t
Pu,43° Density of ”25751§§26?;;/??g 14.696 psia, ML kg/m® by ft°
1 Precssure ratio, 17 = P./P, dimensioniess
4 Total angle of the divergent dimensionless| radian degree

Subscript , refers to the upstream conditions

Subscript , refers to the downstream conditions

Note *: In the US system of units the tnH,0 is 2 pressure unit and is equal to the difference
between the pressure at the potfom of a column of water gne inch high, at a

temperature of 68°F, at a standard gravity of g, = 32.17405, and the standard atmospheric
pressure (14.6%4 psi) on top of the water. One inH,0 = 0.24864107 KPa.

Note %: In this Standard for US practice the centipoise is used for absolute viscosity and
replaces the previous US unit, 1by/ft s5 u p = (10, /6t s} (1.488144 10%

(ibges) (g _¢1.488144 103

Alsoy dep = 3 32.17405

Note 3%: In this Standard customary U.$. units Cin, psia, etc) are given in the equations
for the convenience of the user. They are often Qiven in brackets {] after the SI units,



2.2 Precsuyre Measurement: Definitions

2.2.1 pressure tap: Hole or annular slot in a flange, fitting or the wall of a pipe,
or throat of a primary device which is flush with the inzide surface.

2.2.2 static pressure of a fluid flowing through 3 primary device! Pressure measured
by connecting a pressure measuring device to a pressyre tap in the plane of the
ditterential pressure taps. (Only absclute static pressure is used in the equations
presented in this Standard.)

2,2.3 differential pressure: Difference between the static prescure measured on the
upstream cide and on the downstream side of a primary device (or in the throat for a
venturi tube or npzzle>. For installations other than horizontial the lead tines must
be installed in accordance with 150 2186 or APl RP550 to eliminate érrors due to
etevation differences between the taps.

The term "differential pressure” i1s appiicable only |4 the pressure taps are in the
positions specified by this Standard for each c<tandard primary device.

2.2.4 pressure ratio: the absclute clatic pressure at the downsiream pressure tap,
divided by the upstream tap pressure | pg 4>
2 1

2.3 Frimary devices: Definitions

2.3.1 crifice or_thrgat: {Opening of minimum cross-cectional area 1n & primary
element .

Standard primary element orifices are cirgular and coaxtal with the meter run,

2.3.2 orifice plate: Thin pltate in which a circular concentric hole has been
machined.

Standard orifice plates are described as "thin plate” and “wsth sharp square edge,”
because the thickness of the plate is small compared with the hole diameter {(bore? and
becaucge the upstream edge of the orifice is sharp and square,

2.3.3 nozzle: FPrimary element which toncists of a convergent inlet connected to a
crlindrical section generally called the "throat."”

2.3.4 wventuri tube: Element which consists of a crliindrical entrance section,
followed by a convergent inleil conmected Yo a cx¥Vindrical section ca)lled the *Throal™ anc
a conical expanding section called the "divergent”.

1f the convergent inlet is conical, the element is called a "classical venturi tube.”

2.3.5 diameter ratio of a primary element in_a given pipe: The diameter of the
orifice or throat of the primary element divided by the internal diameter of the
measuring pipe upstream of the primary element, or of the lead-in cection of a
venturi,.

However, when the primary element has a cylindrical section upstream, equivalent in
diameter to that of the pipe {as in the case 04 ithe classital venturi tubed, the
diameter ratic (., ratio) is the quotient of the throat diameter divided by the
diameter of this cr¥lindrical cection at the plane of the upstream pressure taps.



MEASUREMENT OF FLUID FLOW IN PIPES USING ORIFICE, NO2ZLE, AND VENTURI:ASME MFC-3M 1985
2.4 Flow: Definitions

2.4.1 rate of flow of fluid passing through a primary device: Mass or volume of
fluid passing through the orifice or throat per urit time; in all cases it is
necessary to state explicitly whether the mass rate of flow expressed in mass per time
unit, or the volume rate of fiow, expressed in vciome per time unit, is being used.

2.4.2 Reynolds number

A dimensionless parameter used to define the flow profile condition—-it'expresses a
ratio between inertia and viscous forces. In thi¢ Standard it is referred to:

- either the upstream condition of the fluic and the upstream diameter of the

pipe, i.e,
SI units Us unite
} 22TCE

RD = ELE = _hﬂm_ RD = E%E = :___;_Sm (Eg 1

L Ty D 1Zv oD

3

- or the orifice or throal diameter of the primar . Zevice, 1.6,
Rd = RD’ a-l -:_C 2

The value of the volume rate of flow may be zub<: tuted at flowing or base conditions
to obtain the Reynolds number since:

Qp = Qy Py (Eq 3)
qm = qU pb (Eq Ch!
2.4.3 lsentropic Exponent x:

In the expansion of a gas or vapor through a differential producer the variation in
the local fluid density introduces a ‘compressibic flow effect” on the flow
measurement which s taken into atcount by the excancion factor;

e.g., equations 27, 28 and 3I.

The relationship between pressure and dencity for the expansion is assumed 1o be:

(P/p)" = constant (Eq a
where n is the polytiropic exponent,

The isentropic exponent is a thermodynamic state property defined by:

2 c
=P [ 2P =E_=[_P]£[’*_P]
¥ P [ ip Is p Cy p s 17 (Eq b)
The tsentropic 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, €. For an ideal gas (at zerc pressure), €q. (b)
reduces to the ratio of ideal-gas specific heats:

(Eg <2



In practice, it is sufficiently accurate to substitute the ratio of ideal-gas specific
heats for the isentropic exponent, if the pressyre is less than 0.Z5 times the
critical pressure.

A comparison gof equations {b) and €¢) shows lhat lhe palytropic expanent n is5 equal to
the isentropic exponent « only if x is constant along the icentrope. In practice, an
average or ‘effective’ mean value of the isentropic exponent is used as the polrtropic
exponent.

The average, or effective, value is the sum of the value of the isentropic exponent at
the high pressure and the value at the low pressure divided by 2,

1t should be noted that equation (a) forms the basis for the theoretical derivation of
the expansion factor for flow nozzles and venturis leq 32}, For low pressure
diftferentials C(aps/p ¢ 0.04 Chy/p < 11) the mean isentroptc expanent «, approaches

£, at the upstream state (1), Thuys, n = «, can be used. For farger pressure
differentials, the arithmetic average k, = (x +x,)/2 should be used tc determine

m
the polytropic expcnent to be used in equations 27, 2B and 31.

Provided the ratio of 6p/p = 0.04 (h, /p = 1.0) ic maintained the real gas effect on
the expansion factor may be assumed negligible andg the isentropic exponent talcutated
by

&l Us

K = Cp/(Cp - 8314} kK = Cp/(Ep-1.986\ (Eg B

2.4.4 Discharge coefficients

Calibration of standard primary devices by means of nominally incoumprescible fluids
{liguids) shows that C, called the discharge coefficient, a dimensionless number
defined by the following relation, is dependent conly on the Reynolds number for a
Qivern primary device in a given installation,

SI ue

qm

9
£ = L= m

42 - _ p
a d 2 op.p{ 0.3970190 d‘ huip{
j 1-p4 1-pt

29 f 0.5
where for US cystomary unite the constant is: % [ ;5 ] [ ——EwT%iiiiF

= 0.09970190

The numericzl value of C is the same for different installations whenever such
inctallatiens are geometrically similar and flows are characterized by identical
Reynolds numbers. Note: g = 24 = p,, for liquids,

The equations for the numerical values of L given in this Standard were based on data
determined experimentaliy, See the appropriate sections.

Note: In these equations the orifice or throat of the primary device is at the fiowing
fluid temperature.



2.4.5 Expansion factor

Calibration of a given primary device by means of a compressible fluid <gas), shows
that the ratio:

si us
q 9,

L] 1 o 2
et d ? opcpf’ B.9¥701%0 d hw'ph
J 1-p J1~a‘

is dependent on the value of the Reyriolds number as well as on the values of the
differential pressure and variations in the isentropic exponent of the qas.

The method adepted for representing thece variaticns consiste in multiplying the
discharge coefficient of the primary device as determined by direct Viquid calibration
for the same value of Reynglds number, by the expancion factor defined by the
relation, for upstream taps:

Sl Ue

q q
¢ = m Yy = u VEq )

R H 3 o i
1-g4 {125

e, (Y} is equal to unity when the fluid is incompressible <ligquid) and

less than unity when the {fluid is compressible (gas or vapor)., 11 escentially
correcls for density differences between precssure taps due to expansion to the
lower pressure. If a dowhstream pressure tap is used to obtain the density,
the downstream expansion factor is detined by:

S] us

q q
€= m Y = m (Eq 8}

2 X ] 2
j -84 ji—u‘

This method is possible because experiments show that ¢ (Y, ] is practically
independent of Rernolds number and, for a given diameter ratio of a gfven primary
device, only depends on the differential pressure ratio and the isentropic exponent.

The numerical values of ‘1[Y1} have, for orifices, been based on experimental
data and, for nozzles and venturis, been based on the thermodynamic general energy
equation. (See 6.3.2.2)

ap | h

€, = ¢ 1+ 2= Y, =Y W (Eq

2~ Py o I_; ' 2773 8,

where tI{Yl] is to be calculated, using:
6p . __ 8p P = i (Eq 1B
Pes  Pga * 0P 27.73 p;,  22.73 8, * h,



Z.9.4 Froe_infernal roughness criterion

For thie 3tandard a max.mum roughness of Fum [350uin) is considered adequate for ail
ewcept corner tape. See table 5 for torner tape.

In practice roughness can be measured with standard equipment for machined curtaces
but cuxn only Be ectimated for the rougher curfaces of pipes.

%, FPFRINCIFLE OF MEACUREMENT AND TME METHOD OF COMPUTATION

3.1 Pranciple of meacurement

The principle of measurement is bated or the ingtallation of a pramary element (such
ag ah corifice plate, a nozzle or & ventur: tube?) into a pipe Vine 1n which & flewing
fFluid fille the pipe. The primary element causes a static pressure defference between
upstream and throst or downstream cide ¢f the element. The fiow rate can be
determined from the measuyred value of thiz presture difference and from a Knowledge cf

he tharaciertetics of the flewing fluid xc well as the circumstances under which the
giement ic being used. 11 ic assumed that the element it geometrically ang fluid
d-bamicaily similar to one on which cafibration has been made and that the conditicnce
i uce are the camey 1.e., that it ie in accordance with this Standard. To encure the
uncertaints the element must be calibrated if geometric and $lurd dynamic cimidar ity
do not exazt,

Calrtration of flcw meters can be done veing a range of techniques “ar both liguid anc
gas flows, These includes
. gravimetric and timing, (for example, see 150 418350
volumetric and timing, <for example, see 150 4373, 150/D1S 8314}
. comparison to master meters or other francfer standarde.

Thece can he carried cut in laboratory tecsting facilities, or nore prefecabiy, via
*1p-citu" teste, (The uncertainty statements of thie Standard do not apply .

The mass rate of fiow can be determined since 1t is related {o the precsure
differential within the uncertainty stated in this Standardg, by the following
formul as:

Si us

28p,» L
R 0.69970190 v gt |2t gq i
1-p A 1 1-p A

Lo
-~
Q
bl
L
It

orr for a downstream measurement:

=]
3
It

0.099701%0 cvid2

Note: For liquids tl[Y’J and ¢ [Yzl are 1.0,

when d is at the flowing temperature. The value of the volume rate of flow at flowing
or base conditions {(a selected base pressure and temperature), can be calculated
Since:

fi

q . 7 P (Eq 13)

v

W = 9, / Py (Eq 14)



3.2 Method of sizing_the boare of the selected Primary Element

I€ 1t is necescsary fo have a closely specified 6P {h 1 for a given flow rate, the

bore diameler, d, must be calculated carefully, using Eq 15¢(bH) as shown belaw. If, on
the other hand, $low calculation need only have accurate valuves for o and D, under
flowing conditions a 21X value for p (and therefore d) can be obtained by using the
vatue of 1.0 for both F_ and ¢[¥] and 0.4 for € for orifices in Eq 15¢h) with n=}.
Measured values for d and D can then be used, corrected as (n Eq 1&a and 1éb, for the
flow calculation,

In the accurate sizing of the bore of any primary element it is necessary to use an
iterative procedure becavse the discharge coefficient, U, the expansion factor ¢ [Y],
and the effect of temperature (fthermal expansion) on D and d are not snitially kKncwn.
These values are all g (d/D) ratio dependent. 1t is therefore neceszary to fterate
for p and then solve for the measured bore atl a reference temperature (20°0 or (E°F).
By substituting the relationship e%0? = d?, Eq 1! may be rearranged to equate Hiacwh
design factors fo the p-dependent functions for jteration as:

Si e
B QII E':\ Q

F. Cz = i F_CY . VEgiTa

1 n? — @ e G b
.Il*ﬁ-4 4 Dmeas 4;5909{1 1-pt DLOSTIGICD D IheEy

where zfl of the terms on the right hand side of the eguation are known and
constant at the desian conditions.

Fa 1s the thermal expansion correction factor:

~

Z

= —_— - gt -
F b 1-p4 [ 90E T Pheac Tp ][ ¢ tneas
meas

R

The Miller Citerative) form of Eq 19a is:

£ ¥ c ~0.12¢
£
’ a(n_‘) 1(l‘:*—:) [ 1‘(n-:)] {n-1)
bl’l = i+ (Eq 1500
[ [right side ¢f Eq 15a]
The bore is then d = &

meac calc Dmeas

Once d has been determined the actuzl measured dimencicrs o+ o and D chould be veed to
Caleculate the fliow rate as c<hown tn clause 3.3,

3.2 Computation of flow rate

a) Except for Venturi tubes, within the limits of this standard, C is
dependent on R., which is itself deperdent onh q_. In such caces, the {final
value of C, and hence of q_, is to be cbtained gy iteration 4rom an initial
chosen valug of C (or R.). ODGenerally it may be convenient to adopt the value
of C at a Reynolds number selected at 80% of the maximum flow of the system
being considered.

by &p represents the differential pressure, as defined under 2.%.3.



¢) d,D, and # in the formulae, are the values at flowing conditions;
measurements taken at cther conditions shall be corrected for any possible
expansion or contraction of the primary device and the pipe due to the valyes o
fluid temperature curing the measurement,

It must be assumed that ithe primary device is at the same temperature as the
pipe. The D and d values at any flowing temperature can be calculated with the
equations:

d (1 + ¢ t -t 31 d (Eq 16a;

PE meas meas

S S T N D I I (Eq 14b)

D

1]

The true § can be calculated by the ratio of ds0 from these equations.

These values are then used to calculate the discharge coefficient C, and the
gac expansion factor ¢ (Y) for use in the equations 11 or 12 to calculate the
flow rate for any ¢P, ¥nowing the density, p, and wviscosity, v, at the flowing
conditions,

d; Jf, however the flow rate (Eq 11 or 12) is to be calculated vsing the

vilues 3 i i i - sy
& of d .. ¥nd O .., a single combined correction factor may be
calculated ac:

[ 2 - 2 a4 _ ] P .
d F.ad meas {] ¥ opt [GDE 6 ap I{t tmeas Id meas (Eg 17
Normally the temperature 1 is assumed to be 20°C [48°F)

meas

e) 1t ic necessary to Know the density and the viscosity of the fluid under
the conditions of the flow measurement.

3.4 Determination of gas (vapor) density

The density of the gas (vapor) is required to be known at either the piane of the
upstream pressure tap or the plane of the downstream tapj it can either be meacured
directiy with a densitometer or calculated from the fluid properties and equations of
state. A usedful retation using ideal specific gravity is:

lSl us

3.483407+107° PO 2.49882 i (Eq 18)

= . . —_ = . —_

P 7T P S 7T q

where comprescability 2 is found in tables, calculated from one of the equations of
state, or determined through generalized diagrams,

For calcuiating the density of a gas or vapor at base conditions (p.) the base
temperature, pressure and the compressibility factors are substituted intc the above
equations,

3.4.1 The static pressure of the fluid shall be measured in the radial plane of the
ypstream or the downstream pressure tap, by meanc of a separate pressure tap or by
connectina in common with the differential pressure measurement (see 4.2.1 for
description of tap holes) or by means of a carrcier ring taps (as described in 6.2.4),
Flow in or out of the pressure measurement line may cause an error in the differential
pressure measurement. Separate taps may reduce this error if it is occurring.



2.4.2 Although the temperature of the fluid feom which the density and viscosity can
tte determined is preferably the one in the upstream pressure tap plane, 3 well or
protrusiaon lacated there would introduce errcrs. 1t may be acsumed that the
downstream and upetream temperatures are the same providing, for gas, thst p /ple.?S,
and therefore the temperature of the fluid shall be measured downstream of the
primary device, The thermometer well shall restrict the flow a minimum while st}
providing an accurate measyre of the temperature of the flowing fluid, The distance
between it and the primary device shall be at least equal to 3 0 and a maximum of {3
.

3.4.3 Any method of determining reliable values of the pressure, temperature,
viccosity and density of the fluid is acceptable providing the locations of pockets,
welle, protrusions, etc, are within the requirements of thic Standard, and do not
tnterfere with the distribution of the flow. {(See Section 6.).

q, GENERAL MEASUREMENT REQUIREMENTS

9.1 Primary device

4.1.1 The primary device shall be manufactured, installed and uvsed in accordance with
this Standard.

When the manutacturing characteristics and conditions of vse of the pramary devices
are outside the limits given in this Standard, it 1s necessary to calibrate the
primary device under, as nearly as practical, the actya) conditions of vee. After the
calibration, additional uncertainties may be calculated only insefar ac this Standard
ic foliowed. 14 this Standard is not followed no guidance can be given,

4.1.2 1In order to avoid greater uncertainties than those given in this Standard, it
is reconmended that a primary device uzed for continuous flow measurement be visually
checked periodically, more often if inspection thows the edge sharpress, surface
roughness of plate flatness has changed enough to lack conformity with {hic Standard,

4.1.3 The coefficient of thermal expansion of the material used in the primary device
(ap ) and of the pipe Cap} must be known if flowing femperature 14 different from

that at which the diameters were measured.{See 3.3c and o)

4.2 Type of fluid

4.2.1 The fluid may be either compressibie {(gas) or considered as incompressible
(liquid).

4.2.2 The fluid shall for all practical purposes be physically and thermally
homogeneoys and of single phase through the primary device,

4.2.3 The density and viscosity of the fluid at the flowing conditions mus{ be Knownj
see ¥ 3.4 for determination of density, Knowing the pressure and temperature.

11



4.3 Fiow conditions

4.3.1 The rate of flow shall be constant or, in practice, vary onlr slightiy and
slowly with time, This Standard does not provide for the measurement of pulsating
flow,
Note: See ]50 Technical Report 3313 "Measurement of ouisating filuid flow b
meane of orifice plates, naz2les or wentyri tubse, in garticular in_the case cf

sinusoidal or cguare wave intermittent periadic tvoe fluctuation,'

4,3.2 The uncertainties specified in this <tandard are valid only when there i< no
change of phase through the primary dewice. 14 liquid vaporization is experienced in
the primary element, it may be corrected by increasing the static pressure or by
reducing the temperaturs, Reloczting the flow tontrol valuve to downstream of the
dewice ma¥ be a possibie splution. [f condensation is occurriag with compressible
fluid fiow, the static pressure should be reduced or the temperature increased, or
both. Ta predict whether or not there i1s & phate change, the ficw computation shall
be carried out o5 ine assumption that the expansion is isothermal 14 the f1uid 15 a
liquid, cor isentropic if the fluid iz a gac “<becavse the temperatuvre o+ the trancition
is so criticaly,

4.3.3 14 the fluid 15 a gas, the pressure ratic Py /P, as definec in ¢ 2.2.4
shall be equal to or greater than 0.75. 2 t

5. INSTALLATION REGUIREMENTS

5.1 Generas!

9.1.1 The method of measyrement applies only to fluide fiowing throvgh & pipe line of
circular cross-cection.

3.1.2 The pipe shall run full at the measuring section,

5.1.3 The grimary device shall be installed in the pipe line st a position such that
the flow conditions immediately upstream approach those 0f & fylly develcoea profile
and are free from swirl <gee 3.6), Such conditions mar be expected 1o exict i¥ the
installation conforms to requirements given in thic cection S,

5.1.4 The primary device shall be installed between two sectionse of straight
cvlindrical pipe in which there is ho obstruction or branch connection (whether or not
there is flow into or out of such connections during measurement? other than those
specified in this Standard.

The pipe is considered straight when it appears to be reasonably so br visual
tnspection. (See ANS! B34.10 and ASTM AS30). The required minimum straight lengths of
pipe, which conform to the description above, vary according to the piping
arrangement, the type of primary device and the diameter ratio. Ther are specified in
table 2 for orifice plates and Table & for venturies..

3.1.5 The value for the pipe diameter D to be uysed in the computation of the diameter
ratio shall be the arithmetic mean of measurements made on at least four equally
separated diameters in the plane of the upstream tap, (See 3,3¢) The upstream pipe is
said to be circular and cylindrical when no diameter in any plane d¢iffers by more than
0.257 from the arithmetic mean of measurements made on at least four diameters,
distributed in each of at least three cross-sections themselves distributed

over a length of 0.5 D. Two of these cross sections shall be at distances 0D and 0.5 C
from the upstream tap, and one being in the plane of the weld in the tase of a welded
neck construction even when the weld is farther upstream than 0.50. Care should be
taken not to make a D measurement at a ring gap or & gasket.



No diameter of the downttream straight tength measured over a length ¢f at least 2 0
downstream cof the primarry element, shall differ from the mean diameter of the upstrear
straight length by more than =0.94.

§.2.2 Location of primary device and rings

5.2.2.1 The primary device shall be placed in the pipe in such & way that the fluig
flows from the upstiream face towarde the downstream face (see the arrow "flow
direction’ an ithe appropriate figurel,

$.2.2.2 The orifice plate shall be perpendicular to the center-line of the pipe to
within = 1°,

5.2.3.3 Eccentricity The eccentricity of the orifice bore d to the upstream pipe bore
D can result in a positive mias error in the discharge coefficient. In line sizes
greater than nominst 100mm (4in) the following equation for maximum eccentricity
towards the measuring taps can be used to maintain the coefficient uncertainty given
in this Standard:
e, % —E—O—G—“ﬂi—r‘j—u (Eq 19}

0.1+ 2.5
In Tine sizes ¢f nominal 7Sam [3inl or less, an eccentricity towards the taps should
be no greater than 0.8mm [0,03in), For eccentricities in other directions, away from
the taps, an ecrcentricity of 1.5%4 D may be allowed.

ORIFICE BORE

FLANGE & \\\\\\

FLANGE BOLT
CIRCLE

CRIFICE PLATE O

FLANGE 80ORE
Py L

FIPE ¢

ECCENTRICITY

figure 1, Eccentricity of installed orifice
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5.2.4 Assembly, rings, and gaskKets

4.1 UWhen seal rings for orifices or carrier rings for corner lap orifices are

3.2,
uced, they shall be so centered that at no point do they protrude into the pipe.

W2
ce
5.2.4.2 Gasketls or cealing rings, if used, thall be made and incerted 1n such a way
that they do not protrude at any point incide the pipe or across the prescure tap or
slot when corner taps are vsed. Their compressed thickness shall be used in
determining the location of the pressure taps for ocifice installations.

5.2,4,3 14 gaskets are uysed between the primary device and the annufar chamber rings,
they c<hall not protrude inside the annular chamber.

5.2.4.4 The maximum allowable recess or gap preceding or following the orifice plate,
in the orifice flange, ring f{ype Joints, carrier rings, or between the end of the pipe
and the plate, the Jenpth of which, measured parallel to the axis of the pipe, is 13mm
[0.%in)] for {flange or D&D/Z taps.

3.3 The upstream lengths of pipe given in this Standard for given uncertainties
are hased on data taken in 1927 and anaivzed tn the 19307¢., Thece uncertainties are
to be frealed as bias error limits as cutlined in MFC-2, Some «0drtional data taken
in recent vears have indicated that these lengths may not be long enough. Additional
data will improve the confidence in the required lengthe and wiil be used in a

revision as socon a< it is avaitable. Until then, for important flow meacurements 114

i recommended to:

1Y Alwarys use lengths as much Yonger than cpecified as practical, and

2y Use flow conditioners, or

37 Calibraied in-situ or in a calibration installation as nearly as possibile
identical to the planned flow measurement

5.4 Upstream and downstream straight lengths for installation betlween varicus
fittinge and the primary device

5.4.1 The straight lengths Visted in Table 2 && are the miniqum acceptable lengths
and may be subject to an additianal uncertainty of up to 0.3% oo the discharge
ccetficient, except as noted,

5.4.2 UWhen the straight lengths are equal to or lTonger than twice the values given in
Table 2 &6 no additional uncertainty is indicated,

3.4.3 When either the upsiream 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 uncertainiy to be taken into account.

5.4.4 The valves mentioned in table Z &¢é shall be fully open. 1t is recommended that
control of the rate of $low be effected by valves located downsiream of the primary
device. 1lsolating valves located ypstream shall be preferably of the gate or ball
trpe, full bore, and shall be fully open.

9.4.5 After a single change of direction (bend ar tee), it is recommended that i+
pairs of single taps are uvsed they be installed so that their axes will be
perpendicular to the plane of the bend or tee,



5.1.6 The pipe bore shal) be circular over the entire minimum length of straight pipe
required. Beyond &} length upstream, the bore is taken to be circular if (t appears to
be reasonably so by visual inspection. (See ANSI B34.10 and ASTM AS30). The
circularity of the outside of the pipe mar be taken as a guide, excepl in the
smmediate vicinity of the primary element where special requirements shall apply
according to the type of primary element used (see 5.2.] and 5.3.17.

5.1.7 The internal diameter D of the measuring pipe shall compiy with the valuecs
given for each type of primary device.

S.1.8 The inside surface of the measuring pipe thall visvally appear to be ¢lean,
free from pitting, cdeposit and encruystations for at least a length of 10 D upstream
and 4 D downstream of the primary element., The max i mum roughrness shall be Fum
[350uind.

Grooves, scoring, pits, ridges resulting from seams, distortion cavsed by welding,
cffsets etc. (regardless of the cize of such irreguiarities) which effect the inside
diametier at such points by more than the tolerance,

i 20.002]

U o v 23
chall not be permitted. When this value is exceeded, any methood may be veed to correct
the irregularities.

4

3.1.9 To encure the proper operation of the primary device, the pipe flangee and the
measuring section shall be insulated when large temperature gradientc are precent.

5.2 Specific instaliation requiremeants for orifice plates

8.2.1 Circularity of the pipe

In the immediate vicinity of the primary device the following requirements ¢hall
apply:

5.2.1.1 The tength of the upstream pipe adiacent to the primary elemenl 7or to the
carrier ring 1f there is one) shall be at least 2 D and circutar and cylindrical,

Bevond 2 D from the primary element, the upstream pipe between the primary deévice and
the first vpstream fitling or disturbance can be made up of one or more <ections of
pipe.

No additiona) uncertainty in the discharge coefficient is involved provided that the
step between any two sections within 10 D vpstream does not exceed the requirement Jor
cylingricality of 0.25/ ac defined in S.1.5.

14 the step is greater thanm the limit given in the paragraph above, the installation
is not in accerdance with this Standard.



Note the limitations given above in %

TABLE 2 - Recommended straight lengths {for

For 0.5/ additional

nozrles and orifige plates

uncertainty

c
o

4.1, 5.4.2, 5.4.3,

=
(=

A4

.4

, an

ALl straight lengths are expressed as multiplies of the diameter D.
measured from the upstream face of the primary device.

Interpalation for

intermediate £ values is to be used.

d 3.4.5.

They shall

be

The pipe roughnese, at least over the length indicated in table 2 shall not exceed
max imum roughness of Pum [350pin],

1
Upstream (inlet) of the primary device Down- |
Cotumne € ang C° are for flow conditioners. 5See 5.5 and Fig. Z. stream |
1
Single R0 Two of Two or Reducer |Expander Full YR
bend more 90° more $0° ¢2D to D {40.30 tco Globe | Bore Fittinge
or tee bende in bends i ovefr & [ over a ValvetBall or!| incluced
Cflow 4roml the same different Yength of |length of | Fully] Gate In this
one branchk plane planes | I 10 to 203 Open Valve Takle
only) 3l 5) to 3 D) 1) Fully |
cCr C c € Open
0.20 & 7 3.5 5 |17 4.5 5 51) 8 é 4 z
0,25 £ 7 3.5 5 |17 4.5 S 51) & & é 2
0.30 é g 3.5 5 117 4.5 5 5t & é 4 7.5
0.35 e. g 3.9 5 {18 4.5 = 5t) & ¢ é Z.5
a.40 7 § 3.5 5 {18 4.5 5 54) & 10 & 2
0.45 7 ¥ 4 5 |15 5 5 54 s 12 é 3
G.50 7 i0 4 b 20 5 ) 5 ¢ 15 & 3
§.5% & 11 4 S 22 5.5 5.5 S 10 1B 7 2
0.&0 v 13 4.5 95,5124 ¢ 5.5 S i1 22 7 3.5
0.465 11 16 S -] 27 4.5 & é 13 25 e 3.5
0.70 14 18 3.5 46.%|3%1 7 6.5 7 15 25 1a 3.5
0.73 18 21 4 7 5 B 7 13 19 25 iz 4
{ { { { t
Minimum upstream
Fittings straight length required
For all Abrupt symmetrical reduction having a diameter 15
B values ratio = 0.5
Note 1) These lengths require no additional uncertainty, but the uncertainties

for shorter lengths are not well enough known to be given in this Standard.

Note %)
MNote 2

These lengths require no additional uncertainty,
The insertion of 5 to 10D straight lengths between the two bends is

sufficient 1o make the combined effect the same as the single bends in the left column



5.3 Flow conditioning devices

NOTE: Since many upstream piping and fitting conficurations will recuylt in a swirl,
and swirl may take SO0 to 100 D straight lengths to die out br itseld, 1t is
recommended that a flow conditioner be used whenever possible on important +low
measuring 1nstallations. Flow conditioners are used to enable the use of shorter
upstream lengths.

Flow conditioning devices of the types described below will provide inctallations with
zero additional uncertainty providing the straight pipe length between the disturbance
and the conditioner, and the straight pipe length between the conditioner and the
primary element, are equal to at least the lengths shown in Table 2. See % 3.1.3. and
4 5.6, The uypstream leagths (L) and downstream lenaths (C> are given for the
configuration for which the effects have been sufficientl)y documented. The
effectiveness of flow conditioners, for the reduction of required upstiream lengths of
pipe, given in this Standard for given uncertainties, are based on data taken in the
1920°s and 19307s. <(These uncertainties are to be treated as bias limit errors as
covered by #NSI/ASME MFL-2M). Some additional data taken in recent years have

indicated that these lengths may not be long enouch. Adcitional data will improve the
confidence in the lengths required with conditioners. Until then, for importan: ) ow
measurements, it is recommended to:

1) Always use lengths as much longer than specified as practical, and

2) Use +low conditioners, or
3) Calibrated in-situ or in a calibration installation ac nearly as possible
identical to the planned flow measurement

FIGURE 2Z2-Conditioners
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Type A Tube Bundle Flow Conditioner



- Flow dirsction
Perforewmd pivtes d< 0.05D

Type C: Sprenkle "Straightener®



5.5.1 Tvpes of conditfioning devices

The three standardized types of conditioners, A, B arnd U are shown in figure 2. 1t
should be noted that these devices create approximateir the following prescure losses:

S1 us

In the case of Types A & B:

2 2 .
peU Q
84 =5 £ = 4.053 h = 0.60299¢ o,U% = (00,7 — (Eq 207
2 Dfey 0%y
In the case of Type C:
with unbevelled upstream holes,
2 ) ¢
PfU - - qm _ - 2 e e > qm .
duo = 4 = 1{.35 = Q.0083% p u* = 2E1.,9< (Eq 213
d f i
2 D7 Die
f {
with beveled upstream holes,
e u? q z q z
6w = 11 = B.917 — ho= 0.006591 p U = 2215 — (Eq 22)
zZ D‘P{ D‘F‘.g

5.9.1.1 Type A: Tube Bundle Londitioner

This type of conditioner consiste of 19 parallel tubes fixed together ard held rigidly
in the pipe. It is important in this case to ensure that the various tubes are
parallel with each other and with the pipe axic since, if thic requirement 15 not
complied with, the conditioner itself might introdyce disturbances intgo the +lom.

Both ends of all tubes shail be machined with an ithternal taper that makes the end
wall as thin as practical.

In the construction of the assembly the maximum internal diameter of a ‘vane’ tube
shall not exceed 1/4 the pipe diameter and the free areas outside the tubec shall not
exceed 1/14 the cross sectional area of the pipe. The overall length of the
conditioner shal) be at ieast 10 times the tube internal! diameter. GSee Fig 2.

9.95.1.2 Type B: 2ANKER “Strzightener”

This conditioner consists 0f a3 perforated plate with holes af certain specified sies
followed by a number of channels (one for each hole) formed by the intersection of a
number of plates. The important dimensions are given in figure 2.

The various plates should be chosen of minimum thickness and yet provide adequate
strength.

3.9.1.3 Type C: SPRENKLE "Straightener"

This conditioner consists of three perforated plates in series with a 1ength equal to
one pipe djameter between successive plates. The perforations should preferably be
chamfered on the upstream side, and the total area of the holes in each plate should
be greater than 404 af the c¢ross sectional area of the pipe. The ratio of plate
thicKkness to hole diameter shall be at Teast 1.0 and the diameter of the holes shall
be less than 1/20 of the pipe diameter.
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The three plates shall be held together by barce or ctude, which <hall be located
arcund the periphery of the pipe bore, and which thall be of sc emall & diameter ac
posstble, consistent with providing the required =trength.

5.%.1.4 Other types of conditicners are subdect {0 aoreement between the burer ang
cetler,

n

b General requirement for flow conditione st the primary devige.

14 the preccribed 1nctallation conditions grven in tabile 2 or n 5.5 cannot bte med
thie Standard still remaine applicable if the flow conditions immediately upciream of
the primary device conform to 5.1.3,

Swirl 4ree conditions can be taken to exict when the cwirl angle cuver the pipe i¢ lecg
than 2° when measured with a directional detecting pitot tube or other suitable war,

Froceptatile velocity profile conditione can be precumed to exiet when at each point
acrocs the pipe cross-section the ratic of the local axial velecity to the mazimum
axial velocity at the cross-cection agrees to within 25% with that which would exi<r
in ewirl-free flow at the came radial position at & croce-cection lotated at the &ng
of a very long strairght length {over 100 D) of cimiler pipe.

&, DRIFICE PLATES AND FRESSURE TAFS

The varicus types of ctandard orifice plate inetzailation: are similar and are defin:sd
by the arrangement cof the precsure tape.

Frescure tap locationse chall be ac decscribed in é.2.%

| Descraption

The axtal plane crosc-section of the plate ic chewn itn figure 2,

The letters chown in figure 3 are for reference purposes in the following text.

é.1.1 General shape

4.1.1.1 Unless otherwise stated, the remainder of 4.1 applies orly to that part of
the plate intended tc be located within the pipe.

6.1.1.2 Qrifice plates with vent or drain hotes through them are not Covered by this
Standard.

4.1.2 Upstream and downstream faces (Fig 3.)

6.1.2.1 The upstream face of the plate A shall be flat. It is considered as such
when the maximum gap between it and a straight edge of length D Taid across it
anywhere is less than 0,01 (D-d)/2. It is assumed that the orifice plate mounting
does not significantly distort the plate.

6.1.2.2 The upstream face of the orifice plate shall have a maximum roughness of
1.3um [504in) within a circle whose diameter is not ltees than D and is coacentric with
the bore.



£.1.2.3 1t is useful to provide a distinctive mark which 15 visible even when the
orifice plate is installed to show that the upstream face of the orifice plate is
correctly installed relative to the direction of flow.

6.1.2.,4 The surface flatness and smoothness of the downctiream face can be judged by
visual Inspection.

6.1.2.3 1t is unnecescary to provide the <ame high quality of surface finich {or the
downstream face as for the upstream face,

Thicknusy £ of the plate

A

Uptiream face A op— — Dowritream Tar B

e
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Figure 3, Standard Orifice Plate

4.1.3 Plate thickness £ and edge thitkness e

6.1
0.0
0.0

»3.1 The minimum edge thicKkness e of the orifice shall be equal to or greater than
1d but not less than 0.125mm{0.005in}. The maximum shall be equal to or less than
2D or equal to or less than 0.125d whichever is smaller, but not greater than E.

1.3.2 The values of e measured at any point on the orifice shall not differ among

6.
themselives by more than 0,003 D.
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TABLE 3 MINIMUM® '’ ORIFICE FLATE THICKNESS

Nominal pipe sizes
SOmmaD2 1 50mm 150mm<D: 250mm 250men: D= S00mm SO0mmz D290 0mm
ap [h,) Zin 1Dz éin &in z0s 10in 10in Dz 200n 20in 0= 3éin
g2 8.3
250 kP& 3 mm - S mm 10 mm 13 mm
1005 inHzn £.120 in 0.183 in B.370 in 0.495 in
S0kPa 3 mm 3 mm & nm $0 mm
201 inH,0 0.120 in 0.120 in 0.245 in 8.370 in
25 kFPa 3 mmn 3 mm & mm 10 mm
100 sk 0 0.120 in 0.120 tn $.245 in 0.370 in
g3 8.5
290 kPa 3 mm S mm 10 m {32 mm
1065 inK, O 0.126 in 0.18% in 0.370 in 0.4%95 in
S0kFa 3 mm 3 mm 3 mm 10 mm
201 inH20 0.120 in 0.120 in 0.183 in 0.3720 in
25 kPa 3 mm 2 mem 5 mm & mm
160 inHiU 6.120 in G.120 in 0.182 in 0.245% in

Noted12: See 9 &.1.3.3 for maximum thicknesces.,

é.1.3.3 The thickness E of the plate shall be the minimum given in Table 3, and a
maximum of 1.5 times that value, but not greater than 13 mm (0.5 inl.

é.1.3.49 The values of E measured at any point of the plate shall not differ among
themcelves by more than 0¢.00f D.

4.1.4 Angle of bevel F

é.1.4.1 If the thickness E of the plate exceeds the thickness e of the orifice, the
plate shall be bevelled on the deownstream side. The bevelled surface shal! be smooth.

é6.1.4.2 The angle of bevel F shail be approximately 45°. (see Fig 37.

é.1.5 Edges G, K and |

é¢.1.5.1 The upstream edge G and the downstream edges H and I shall have neither
wire-edges, nor burrs, nor, in general, any peculiarities wisible to the unaided eve,

4.1.5.2 The uypstream edge G shall be sharp. If d 2 25mm [1 in) this requirement may
be considered as satisfied by visual inspection, checking that the edge does not seen
to reflect a beam of light when viewed with an unaided eye.

It is considered so if the edge radius is not greater than 0.0004 d up to d = 75mm
[(3in), and 0.025mwm (0.00tin] above that, as measured by the lead fcil or other
suitable method.



14 d = 25om [] in} visval inspection may not be sufficient,

1f there is any doubt as to whether this requirement is satisfied, the edge radius
muet actually be measured.

6.1.4 Diameter of orifice O

4.1.6.1 Because of the uncertainty of the discharge coefficient, tiahter restrictions
on eccentricity, edge-sharpness effects, and increased upsiream straight pipe lengths,
the vser is adviced to remain below a p of 0.7 and above a 8 of 0.2. (See Clause
4.3.3.12

é6.1,6.2 The value d of the diameter of the orifice shall be taken as the mean of the
measurements of at jeast four diameters at approximately equal angular spacing,

carrecting for thermal expansion. {(See 3.3¢).

No diamelter shall differ by more than 0.03% from the mean for d = 25mm [1in) and
larger and §0.0lmm [0.0004in) for ¢ down to 10mm [0.40 inl.

6.,1.6.3 The orifice shall be cxlindrical and perpendicular to the upstream face,

é.1.7 BI-DIRECTIONAL PLATES

6.1.7.1 If the orifice plate is intended to be used for measuring reverse flows,
the plate shall not be bevelled;
the two faces shall be as specified 4or the upstream face in 6.1.2;
the thickness E of the plate shall he equal to the thickrness e of the
orifice as described in 6.1.3 (between 0.0030 and 0,020
the two edges of the owrifice shall be as specified for the vpstream edge i
6.1.5%,

6.1.7.2 For orifice plates with D and D/2 taps, at least two sets of upstream and
downstream pressure taps must be provided and uveed appropriately for the direction of
flow, (see &.2).

6.1.8 MATERIAL AND MANUFACTURE

6.1.8.1 The plate can be manufactured of any material and in any way, provided jt iz
and remains in accordance with the foregoing description during the flow measurements.

6.2 DIFFERENTIAL PRESSURE TAPS

At Teact one upstream pressure tap and one downstream pressure tap shall be provided
tor each primary device, installed in one of the recommended standard positions.

NOTE: Although there is not enough data to make quantitative statements, there is good
evidence that tonnecting two or more taps equally spaced around the periphery can
materially reduce the effects of eccentricity, non-uniform flow profile, pulsating
flow, etc. Annular chambers are often used for the inter-connection. Care must be
taKen to avoid vapor condensation or liquid vaporization in the external lead lines,
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A cinglte plate can be uced with ceveral sets of pressure taps suitable 4or different
types ot ctandard orifice plates, but 1o avoid auvtua) interference, several tape on
the one cide of the grifice plate chall not be in the same axizl plane.

4.2.1 Shape and diameters of pressure taps for flange and D & D/2 orifices,

s.2.1.1 The centectine of the tape chall meel the pipe cenferline and be at right
angles to it (2270,

&.2.1.2 At the point of break-{hrougk the hole shall be circylar, The edges shall be
flush with the internal surface of the pipe wall and be as sharp as possible. To
encure the elimination of all Lurrs or wire edges at the inner edge, rounding shail be
permitted but shall be kept ac emall 2z poccibile and where it can be measured its
radive shall be lecs than 0.0425%d. Mo irregularity shall appear inside the tonnecting
hote, on the edges of lhe hole dritled in the pipe wall, or in the pipe wall close to
the pressure tap.

6.2.1.3 Conformity of the pressure taps with the foregoing 2 subsections can be
judged by vicual inspection.

6.2.1.9 The recommended maximuym diameter of the tap holes through the pipe wall cor
tlange are given ta table 4, Interpolate Jor cizes in between, Upstream ang

downstream tap holes must be the <ame diameter,

Table 4 Recommended Maximum Diameters of Pressure Tap Holes for ¢lange and D&D/ZF taps

Heminal
Inside Pipe Maximum Diameter
Diameter D of tap holes
S0 Yo 75wm [Z2 to 3inld 10mm [0.375in]
D »100mm [(4in) 13mm [0.5in]

The minnimum size Of tap holes chall be damn [0.25in)

6.2.1.5 The pressyre tap holes chall be circultar and cylindrical. These holes may
increase in diameler at any location away from the inner wall. 14, however, they are
decreased, this decrease may not occur for at least 2.5 hole diameters away from the
pipe inner wall,

6.2.2 Angular position of pressure taps for flange and D & D/2 orifices

6.2,2.1 The axis of the upstream tap and that of the downstream tap may be located in
different axial planes. (see 5.4.95).

6.2.2.2 However, attention is called to the fact that, in all cases, the reading of
differential pressure obtained by these pressure taps shall be in accordance with the
definition of 2.2.3.



4.2.3 SPACING OF PRESSURE TAPS
4,2.3.1 The spacing (¢) of a pressure tap is the distance between the centerline of¥
the precsure tap and the plane of one specified face of the orifice plate. UWhen

installing the preszsyre taps, due account has to be taKen of the thickness 0f the
gaskets and/or cealing material, which are to be used.

$.2.3.2 The location of the pressure taps with respect to the erifice plate defines
the trpe of standard itnsteltation; flange, D and D/2, caorner,

6.2.3.3 The location of corner taps is described in &.,2.4,

§.2.3.4 QRIFICE PLRTES WITH FLANGE TAPS (see fiq 4)

The spacing 1, of the upstream tap is nominally 25.4 mm [l in) and is measured from
the UPSTREAM fice of the orifice plate, The spacing 1; of the downstream pressyre
tap is nominally 23,4 mm (} in) and is measured from the DOWNSTREAM face of the
orifice plate,

b, D/2 taps

Flange taps

& FLANGE TAPS =
- |
Z 4 — 5
15 ©
0 Lt 1 1  —03nominal 100mm [gin] =
33 I AN T N AR N A
g, i : | N 1% £
-+ == e - st i W
Q) 1 - L4 - o I
< U v i [ N l\ i g
= nominal 50mm {2in] and 80mm [Jin] )
S 0 i | t : : l | o =
- <«
< ¢ a0 2 32 4 5 8 I a8

Y1

Figure 4: Location for Orifice Flange and D & D/2 Pressure Taps
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4.2.3.3 QRIFICE PLATES WITH D AND D/2 TAPS {(see fig 4)

Both ¢, and t, spacings are measured from the UPSTREAM face of the orifice plate.

The spacing 1, of the upstream pressure tap is nominally equal to D, but may be
D257 without modification of the flow coefficient.

The spacing ¢, of the downstream pressure tap is nominally equal to 0.3D, but may be
0,5 D « lmm [0.046in) without modification of the discharge coefficient:

[for the purposes of this Standard 1;=(12-E)=U.4?D, where t; is the distance
from the downstream face of the plate to the center of the tap holel.

é.2.4 ORIFICE PLATE WITH CORNER TAPS (see fig 57

6.2.4.1 The cpacing between the centerlines of the taps and the recpective faces of
the plate is to be selected so that the tap holes break through the wall flush with
the faces of the platedsee 6.2.4.5).

4.2.4.2 The taps may be either singie taps or annuvlar siots., Both types of taps can
be located either in the pipe, 115 flanges, or in carrier rings as shown in figures 4
and 3.
§.2.4.3 The giameter (z) of =ingle tape or the width 4j7 of annular slols are given
below, The minimum diameter is delermined in practice by the Jikelihood of accidental
biockaqe and satisfacliory performance.
Clean fluide and steam

For p =2 0.45; 0.005D z aor jJ 2 0,020

For & > 0.43: 9.0 B 2 acor j = 0,020
For any values of @

For clean fluids: tmm [0.03in] = & or J z 10mm 0.3 inl

For cteam with annuiar chambers: Imm [(0.05ia) £ a or j < l0mm [0.5in]

For steam and for ligquefied gases with single taps:
4mm [0.14in) = & or j £ §9mm {0.5in}

6.2.4.4 The annujar sleots uvsvally break through the pipe over the entire perimeter,
with no break in continuity., 1 not, each chamber 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 each is at least 12em? 10.02in%).
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é¢.2.4.5 14 individual precsure taps, as shown in figure Sb, lower portion, are used,
the c&nteg—iine af the tape shall cross the center-line of the pipe at as near a right
angle (50 ) as possible.

1f there are several individual pressure tapse for the same upstream or downstream
axral plane, their center-lines chall form equa! angles with each other, around the
pipe.  The diameters of individua! pressure taps are given in 6.2.4.3.

The pressure taps shall be circular and cylindrical over a length at least 2.5 times
the diameter of the taps, measured from the inner wall of the pipe.

6.2.4.4 The inner diameter b of the carrier rings must ke equal to or greater thar
the drameter 0 of the pipe to encure that they do not protrude into the pipe. The
inner diameter must not be greater than 1.0025D.

See 9 5.1.5, ¥ 9.2.1.2 and € 5.2.1.3 for allowable step.,

The lengths ¢ and ¢’ of the upstream and downstream rings <{figure 5) shall not be
creater than 0.3 D.

The length f shall be greater than or equal teo twice the width a of the annular slet,
The area of the cross csection of the annular chamber g x h shall be greater than or
equal to half the total area of the opening connecting this chamber to the incide of
the pipe.

4.2.4.7 All surfaces of the ring which can be in contact with the measured {luid
shall be clean and have a good machined finish.

6.2.4.8 The pressure taps connecting the annular chambers to the cecondary devices
are pipe-wall taps, circular at the point of breakihrough and with diameters (})
between 4 and 10mm {0.15 and 0.5in) (See % 6.2.1.5)

6.2.4.9 The upctream and downcstream carrier rings are not necessarily symmetrical in
relation to each other, but ther shall both comply with the foregoing specifications.

6.2.4.10 The diameter of the pipe to be used for the calculation of the diameter
ratio, and hence the flow-rate, is to be measured as defined in ¢ 5.,1.5, the carrier
Fing beihg regarded as part of the primary device. The mean diameter of the carrier
ring b shall be used in the calcutation. This alco applies to the length requirement
given in % 5.2,1.1 so that the length s is to be taken from the upstream edge of the
recess formed by the carrier ring,

4.3 Coefficients and corresponding uncertainties for orifice plates.



$.3.1 Limits of ute, roughness ({for corner taps? shall conform to the values in
table 5.

TAPLE S - Upper Yimite of relative royghnecs of the upetream
pipe for_Corrner tap orifice plates

B 0.3 1 0.232 { 0.24 | 0.26 0 0.8 | 0.4 | .45 | 0.5 | 0.8 4 0.7
Corner taps 25 | 18.1 | tz.9 | 10.0 | 8.3 7.1 | 5.4 4.9 | 4.2 | 4.0
104 k/D |

The value of X |, uniform equivalent roughness, exprecssed o leagth units, depends on
several factors such as height, distribution, angularity and other geometlric aspecte
of the roughnescs elements at the pipe wall,

A full scale pressure loss test of a sample length of the particular pipe <hould be
carried out to determine the value of ¥ saticsfactoriir.

However, approximate values of k 4or different materials can bte obtained from the
various tables given in reference literature, and append:x A gives values of ¥k 4or 3
variety of materigle, as derived from the Colebrock formula,

Most of the experiments on which the valuyes of [ given for corner taps n the precsent
Standard are based, were carried out in pipes with a relztive roughness K/D:3.8x10 ‘

Pipes with higher reltative roughness may be used i the roughness for at jeact 10 D

upstream of the orifice plate iz within & maximum roughness of Sum [350pin] {cr the
limits given in table 5 for corner taps),
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4.3.2 Coefficients

4.3.2.1 O0ISCHARGE COEFFICIENT

The discharge coefficient € is given by the equation: (Eq

C= 0.5959 + 0.0312 p7*% - 0.1840 5 + 0.0900L, s C1-8">7" -0.0337 ;8% + 91.7187° RS

where:

L, = dimensioniess correction for upstream tap location = !ID_I,measured from upstream face
L, = - . * downstream * ' = tzb_i, ' . . .
Ly = . . . ’ . ' = C1,-E2D0 77, * downstream *

2D

FOR S1 UNITS, d7 and D’ in millimeters

For Corner Taps: L, = L =140 {Eq 2%}
C=0.5959 + 0.0312 p** - 0.1840 8" + 91.71 8%"% Ry™"° 7%

Far Flange Taps: (D72 = 58.6 mm}L, = L; = 25.4 p! (Eq 254l
C = 0.5959 + 0.03128%" - 0.18408" + 2.2860¢D") " cs=p 7" - 0.8540¢D*) % ¢ 91,7187 PRy 7*
For Flange Taps: (50.8 = 07 =« 38.4>)mm, L, = 0.4333, L = 25.4 (D! (Eq 2Sb)
€ = 0.5959 + 0.0312 p**! - 0.1840 8" + 0.0390 p*(31~s")"! - 0.8540¢D"> " 8% + 91.7187 % RO 7*
For D & D/2 Taps: L, = 0.4333 , L; = 0.47 (Eq 26)
C=0.5959 + 6.0312 37" ~ 0.1840 #* + 0.0390 5“C1- 807" - 0.01584 83 + 91.71 p7°° Ry O"7?
FOR US UNITS, ¢ and D in inches,

For Corner Taps: L1 = L;=8 (Eq 242
C = 0.5959 + 0.0312 %% - 0.1840 p* + 91,71 p7"% gy 7"

For Flange Taps:(D z 2.3 inches), L, = L} (Eq 25a)
C = 0.5959 + 0.0312 s¥*! - 0.1840 " + 0.0900 D™'s*(1- 597" - 0.0337 D”'s%¢ 91,71 7% Ry 7*
For Flange Taps: (2 < D < 2.3) inches L,= 0.4333, L] = p? (Eq 25b)
C=0.5959 « 0.0312 " - 0.1840 8* + 0.0390 s¢1- 87" - 0.0337 D™Fp? + 91.71 8?5 Ry
fFor D & D/2 Taps: L, = 0.4333, Ly = 0.47 (EQ 268)

1

C = 0.595% + 0.0312 " ~ 0.1840 8* + 0.03%0 s“C1- 07! - 0.01584 8* + 91.71 p?*% Ry " 7F

~hn




This formula is to be used only for tap arrangemente defined in sub-sections 6.2.3.4,
4.2.3.%, or &.2.4. In particular, it is not permitted to enter intc the equatiocnh
pairs of values of ¢, and 9 which do not match one of the three standardized tap
arrangements.

This formula ts valid, and so are the uncertainties, ac given hereunder, when the
meacyrement matches ail of the limitations stated in &.3.1, and the general

installation réquirements as stated in section 3.

é.3,2.2 EXPANSION FACTOR

For the three tap arrangements, the empirical formulas for computing the expansion
factors are as follows:

k
_ _ 4 _ R a4, W -
e, =1 (G.41 + 0.3%87) ap/xp, Y, = 1-¢0.41 + 0.3587) 57?7?73: (Eq 27
h ho (Eq 28)
e?=11+Eﬂ—F—~ ~{0.4140.356 2P \rzzl‘“ﬁ;;ﬁ_ -(0.41+40.35¢ 4 -
‘ Piirepse, S 27.73kp |1,
T

where cubscript ¢ indicates upctream and subscript 7 indicates downstiream.

Thie formula is applicable onty within the range of the lTimits of uvse given (n
clauses 6.3.1 and 4.3.3.1.

Test results for the determination of ¢ [Y] are Knoan for air, steam, and natural
gas only. However, there is no Known objection to using the came formuls for other
gases and vapoure for which the iseniropic exponent is kKnown, ar can be calcuiated,

However the formula is applicable only if pz/p1 z 0,75

6.3.3 Uncertainties

6.3.3.1 UNCERTAINTY OF DISCHARGE COEFFICIENT

Any equations may be used {for calculating the discharge coefficient providing they
give results that agree with the equations in 6.3.2.1 above within the yncertainties
given below.

The percentage uncertainty (Bias limits) of the value of C (bevond any Known error
in 8, D, Ry, and k/D) is equal to:

For S0mm = 0 = 900mm [(2in = D = 36inl (Nominal sizes)

p = 0.2 0.6 0.75
10000 < Ry s 10t (0, &) f—————(B)%— See exampie beilow.
2000 < Ry = 10000 ———(0.6 + PIh———y

The uncertzinties given here are only valid for the Equations 23 through 26.

Example: The uncertainty, for Ry = 12 000 and p = 0,53, is 0,84,
and for & = 0.74, is 0,744
NOTE:s See 5.4.1, 5.4.2, and 5.4.3 for additional information.




4.3.3.2 UNCERTAINTY OF EXPANSION FACTOR

Wwhen B, spsp [hw/pl, and ¥ are assumed to be Known withowt error,
the percentage uncertainty of the value of ¢ [¥] 45 equal to:

51 us

4 ap/ip ¥ 0.144 n /p

4.4 Pressure loss 86 [hl

The pressure lose, 4w [h), for the oritice platec described in this Standard is
approximately related to the differential pressure op [hw] by the equation,

41— { _ral i-8” _ 2
su = .--——---‘_.-.._--.-.—b Ce op h = '—-——-——-—-—'———Cb hw (Eq 2%

Jl-b‘ + Cp? {l'ﬁ‘ + Cp?
This pressure loss 15 the difference in static pressure between a wall pressure
meazured on the upstream side of the primary device, where the snfluence of the
approachk impact prescure adiacent to the plate becomes negligible Capproximately 1D
upsiream of the primary device) and that measured on the downstream side of the device
where the static prescure recovery by expansion of the jet may be considered as just
completed (approximately 40 downstream of the primary device),

7. ASME_FLOW NOZZLES

There are three (3) typee of long radius style ASME Flow Nozzles covered by the
Standard. These are:

- ASME High beta ratio nozzle (0.50 = g ¢ €.BCG)
- ASME Low beta ratic nozzie (0,20 2 & < G.50)
- ASME Throat Tap flow nozzle €0.25 = p <« 0.50

154 (now lnternational Standards Organization I180) 1932 flow nozzlec and Venturi
Nozzles gererally are not manufactured in the United States and have not been included
in this Standard. Information on thece decigne are provided in 150 G167 or ASME Fluid
Me ters.

While this Standard cover:z details of the ASME throat tap nozzle, the user ic directed

tc ANSIZASME PTC 6 for additiconal information as to construction, use and inspection
of the ASME throat tap nozzle.

7.1 RECOMMENDED PROPCORTIONS FOR ASME NOZZLES

Figure & illustrates the proportions of each of the three types of ASME flow nozzles
with respect to throat and pipe inside diameter.
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2.1.1

Entrante Section - A1l ASME 4low nozzles covered by thes Standard are long

radivs style nozzles which have the chape of a guarter ellipse in the entrance

section.

Figure & for each type of flow nozzle.
to the centerline of

be paralle)

the nozzte within ane tenth (0.1%) percent.

The value of the major axis and the minor axis of the ellipse are shown ih
The maior center line of the ellipse shall

The

ellipse shall terminate at a point no greater than D regardless of the value of the

minor axis.

The profile of the ellipte may be checked by means of a template.,

7.1.2 Throat Section - The throat <ection shall have a diameter {(d) and a iength as

shown in Figure 6,

(approximately 45 degree) measurements of

The value (d) shall be the average of four equally spaced
the throat diameter taKen

in each of three

equally spaced intervals along the length of the throat section and covering at

feast 3/4 of the throat
diameter shali differ by more than 0.057 from the average diameter d.
increase toward the nozzle exit end. A

circumstances shall

the throat diameter

fength.

The throat shall be as ¢ylindrical as possibie,

Mo
Under no

decrease in diameter (d) toward the exit end is acceptable if within the 0.05%
variation allcwed from the average diameter (d).

7.1.3 Exit End Section - The exit end section shzll be as shown in Figure 6.

'IC?"&‘? 1

High p Nozzle
0.50 = & = 0,80
r D/2
r {b-d)/2
L 0.4d or =
2t

amm{1/8in] € t, =

1
2
1

Woan [E )

D/3
O-(d+&mml1/4inl>

0.130

d

TNy 2
IS e L
-
.

Decrl Noprie
Cutlet

Low p Nozzle

Low p Nozzle, with throat taps

0.20 = ¢ < 0.50 29 = p ¢ 0.50
r, = d ry = d

5/8d ¢ r, = 2/34d S/8d = r, 5 2/3d

0.0 ¢ L, = 3/44 L, = 3/4d

Swalis/Binl = t = 12m(1/2in] d¢ = 3/4d

mmili/Bin) = t1 s 0.15D t = 1/4d
t, = 38mm(3/2in)

3mm{1/8in) £ § = &mmli/4inl

T = 1/4d

Figure &, ASME NOZZLES
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7.1.4 General Requiremente for the ASME flow nazzlece -

Z2.1.4.1 The distance from the pipe inside diameter and the cutside diameter of the
nozzle throat shall be greater than or equa?! to Zmmi0.12%in]),

Z.b.d07 It ie reconmended that & choulder for centering of the rozzle assembly an the

pipe be provided. 14 thie shovider 1< provided, 1t chould be no larger in cutsrde
diameter than D-0.C40D and sheuld be no lTonger than t, x Z. 1n no case shall the
centering choulder cover any part of the downcstream tap.

7.1.4.3 The thickness “t’ chall be sufficient to grevent distortion of the nozzle
throat from the straine of machining or installation.

7.1.4.4 The surtace ot the innec face of the nozzle chall be poliched or machined
smooth and <hall have & maximum roughness of 0.8pm.(32pin}. The exit end muct not
have rounding or burrc,

7.1.4.5 The downstream {outeide? face of the nozzle shall be e¢vlindrical and machined

emooth or otherwise conctructed <o ac to eliminate any pockete or pite which might
retain debrice or matter which may be found in the flowing media.

7.1.4.4 ASME long radius nozzies may be made from any cuitable material provides thes

the material deces not wear eacily and the nozzle remaine dimensionally <table.,

7. FRESSURE TAP REQUIREMENTS

]

7.2.1 Gerneral Requirements - ASME long radivs flow nozzles shall use taps which
conform to the requiremente of € 4.7.1 and % 6.7.2 herein.

7.2.2 Upstream Tap - The upetream tap¢s) shall be located in the pipe walt at a
distance D (+0,20,-0.1D) from the plane of the inlet {face of the nozzle.

7.2.3 Downstream Tap - Throat tap nozzles shall have tap(s) as shown in Figure &,

Nozzles without throat tapt(s) shall be used with wall tap(s) located at €.S0 ¢: (.010;

from the plane of the inlet face of the nozzle. <(Under certain instaliation
geometries this specification places the tap downstream of the nozzie, which 12 not
permitted.}? Under no circumstantes may any par! of the downstream tap be located
downstream of the plane of the nozzle exit end.



7.3 INSTALLATION REGUIREMENTS

7.3.1 FPipe - ASME flow nozzles which are veed in accordance with this Standard shall
be uced with pipe conforming to 5.2.0. In addition to the requirements of 5.2.0, the
pipe internal curface roughness should not exceed Bum{300uin) over an area of 4 D
preceding and Z D following the plane of the inlet face of the nozzle. 1f boring
and/cr horning (machining) is required, such machining should extend for a distance of
at least 4 D upstream and Zz D downstream of the plane of the inlet face of the nozzle.
The machined portion shail be tapered into the ummachined portion of the pipe at an
inclyded angle of less than 20 degrees. The depth of the machining should be the
minimum required to obtain the <urface finish, The machined inside diameter (D) of
the pipe chould be uniform throughout the machined length 20.257. A1l machining
should be accompliched after all necessary welding of F#langes, pressture taps or other
welded attachments has been accomplished,

?,3.2 Flanged installation - ASME nozzles shown in Figure & are designed to be
installed between raised face pipe flanges, MNozzles may also be used with other style
ot +#langes tf such use does not interfere with the flowing media.

7.2.2 Installation without flanges - ASME nozzles may also be installed directly in
pipe tonforming to this Standard by weiding or pinning the nozzle to the pipe incide
diameter. 1§ cuch a method i1e veed, care should be taken to ensure against any
protrusicns into the flowing media upstream or downstream of the nozzle.

7.3.4 C(entering - The nozzle <hall be manufactured sc that the clearance belween the
nozzle shoulder and the pipe inside diameter shall be uniformly greater than
0.8mm[0G.0230in] of the pipe into which it is inctalled,

7.3.5 Straight Piping Lengths - The upstream and downstream straight piping
requiremenis for ASME mozzles are the same ac given in 5.4 herein for orifice piates.

7.3.6 Flow Conditicners - The flow conditioners as described in 5.5 herein may be
vsed with ASME flow nozzles within the limitations and expected results as given.

7.4 ASME FLOW NOZZ2LE COEFFICIENTS

72.4.1 Wall Tap Hozzle Diccharge Coefficients - When used in accordance with this
Standard, the coefficient of discharge of ASME flow nozzles with wall taps is as given
by the following formula:

C=0.9975 - 0.00453 (10°/R® (Eq. 30)

Theory suggests that the exponent should go to 0.2 for Ry greater than ID‘, but the
difference is so small that it is difficult to confirm experimentally,

Table Bl in Appendix B giues the results of sample calculations for coefficients of
discharge at Rp = 105 using Eq. 30, for checking purposes.

7.4.2 Throat Tap Nozzle Discharge Coefficients - When used in accordance with this

Standard, the uncalibrated coefficient of discharge of ASME flow nozzles with throat
taps is as given in the ASME Performance Test Codes 6 and 19.5 (latest edition).
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7.4.3 Expansion Facter <lY] -~ The expansion factor, ¢ [Y], is calculated, when using

upstream pressure values, by means of the following formula:

.5
1 K-t
K1k f-p° -1 K
e (Y ) = (| == (Eq 31)
1 1 2
k-1 1-1

1—5‘1K

For ¢, [Y;) using downctream pressure values, substitute:

_ . 2.5 o

e, (Y, = (1 ¢ 6o P, o, 1Y, (Eq. 32)
Eq. 31 and 32 are only applicable for values of B, O and Rp as given in
7.4.4 herein. Eq. 31 and 32 have been verified by test resylts for air, steam
and natural! gas only) however, there is no Known chjection to using the same
formula for other gases and vapors for which the isentropic exponent is XKnouwn.
Appendix B shows the resultc of cample calculatione for the expansion factor,

€ (YY), for & range of preccure ratios and beta ratics for use in assisting the
user in verifying hie tzlculation proacedures.

2.4.4 Limits of use for lhe coefficiente licted in 7.4.1 and 7.4.2 shall only
be in accordance with thiec Standard when:

1060 mm {4in) = D = 250 pm [(30in]
B limite according to Llause 7

10 < Ry = 6 X 10°

7.3 UNCERTAINTIES

7.5.1 Uncertainty of discharge coefficient (C) ~ When p and Ry are assumed to be

Known without error, the percentage uncertainty of the value 0f C for ASME flow

nozzlesc i% as shown below, when the nozzle ic made and installed in accordance with

this Standard and the nozzle ic used within the limits of 7.4.4

TABLE 7 - {NCERTAINTY OF DISCHARGE COEFFICIENTS

NOZZLE TYPE UNCERTAINTY OF €
- ASHME Migh beta ratio nozzle with wall taps 2.0%
- ASME Low beta ratio nozzle with wall taps 2.04
- ASME Throat Tap flow nozzle as stated in PTC 6 or 19.5.



7.5.2 Uncertainty of the expansion factor «¢ [Y] - The uncertainty of the expansion
jactor can be calculated as foilows:

S 1 Units U, S, Units
h
8¢, oo = 22y &Y . 100 = 0.072 2 ¥ (Eq 33)
£ P, Y Py

2.6 INRECOVERED PRESSURE LOSS - For ASME fiow nozzies the fraction of the
differential pressure which is unrecovered can be estimated by the following equation:

S1 Units ., S, Units
so=(140.0148-2.08p7+1.188%2ap n=C1+0.014p-2.06p2+1.188°)h, (Eq. 34)

The definition given in the last paragraph of 4.4 also applies to the permanent
pressure 10ss of ASME nozzles.

8. ASME VENTUR] TUBES

There are three types of ASME venturi tubes covered by this Standard. FEach type 1s
identified by the mettod of manufacturing, the internal surface of the entrance cone
and the profile at the intersection of the entrance cone and the throat. These three
types are described in ¢ 8.1.1 to € 8.1.3.

1S0 Venturi Nozzles generally are not manufactured in the United States and have net
been included in this Standard. Information on these designs are provided in IS0
5147 or ASME Fluid Meters,

8.1.1 ASME VENTUR! WITH A ROUGH CAST CONVERGENT - this venturi tube is manufactured
from castings. The throat is machined and the junctions between the throat, the
entrance section and the convergent and divergent sections are rounded,

8.1.2 ASME VENTURI WITH A MACHINED CONVERGENT - This venturi tube is manufactured as
in ¢ 8.1.1, except that the entrance section, convergent and throat are machined as one
assembly from a bar, forging or other suitable material. The junctions between the
conuergent and the entrance sections and throat may not be rounded.

8.1.3 ASME VENTURI WITR A FABRICATED CONVERGENT - This venturi tube is manufactured
from formed metal sheet and/or other suitable materiale and is usvally joined
together by welding. The junctions between the convergent and the entrance cection,
convergent and throat are not rounded. The throat section is machined it necessary
to secure the degree of roundness or roughness required herein.
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PROFILE OF THE ASME VENTURI TUBE
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8.2 GEOMETRIC PROFILES FOR ASME VENTUR] TUBE

Figure 7 illustrates a cross secltional view of an ASME Classical Venturi Tube., The
letters used in Figure 7 are for reference purposes. The venturi is composed of an
entrance cylinder (A), connected to a conical convergent section (B), a cylindrical
throat section (C), and a conical divergent section <E). All sections are concentric
with the center line of the venturi tube. This may be checked by visual examination.

8.2.1 ENTRANCE SECTION - The entrance section shall have an inside diameter (D) ang
bt shall be at least one inside diameter long. The inside diameter of the entrance
section shall not vary from the matching pipe inside diameter by more than 0.01D and
it shalt be concentric with the matching upstream pipe when examined visually, The
inside diameter of the entrance section shall be measured in the plane of the prescure
taps at a minimum of four (4) equally spaced (approximately 45 degree) measurements
passing through the center line of the section. These measurements must be made so
that at least one measurement is taken at or near each pressure tap. No inside
diameter measurement shall vary from the average of these measurements by more than

- 20,57,

8.2.2 CONVERGENT SECTION - The convergent section (B) shall be conical with an
included anqle of 21 =21 degrees. The convergent section begins at the plane of the
fadivs R,, ends at the plane of the radius R,s and is approximately (2.7(D-d>)

long when measured on the center line of the wenturi, The profile of the convergent
section may be checkKed with a straight template and shall not deviate from the
template by more than +0,005D.

8.2.3 THROAT - The throat (C) shall have an inside diameter (d) which shall be round
to within =20.4% of the average inside diameter. The throat chall be paraliel and
crlindrical with the center line of the venturi tube when examined visually. The
throat begins at the radius R, and ends at the radius R, and has a length of 1.0d
20.05d. The radii at each end of the throat shall be as provided in 4 8.2.7,

% 8.2.8 or ¢ 8.2.9 herein and when compared with a template shal) not deviate from

it by more than 0.02d.

The inside diameter (d) shall be measured in the plane of the pressure taps at four
(4) equally spaced (approximately 45°) measurements passing through the center tine

of the throat. The location of these measurements may be made beginning at any point
on the interna! circumference as long as at least one (1) measurement is taken at or
near each pressure tap. No inside diameter measurement shall vary from the average of
these measurements by more than =0.1%.

8.2.4 DIVERGENT SECTION - the divergent section (E) shall be conical and shall have
an included angle between 7° and 15°. It is recommended than an angie of 7° be
chosen for minimum permanent pressure loss. The smallest diameter of the divergent
section shall be not less than the inside diameter (d), The larger end of the
divergent section shall have an inside diameter (D) and shall terminate at the
matching pipe inside diameter, unless truncated as allowed by ¢ 8.2.5. When
furnishing Venturi tubes without flanged ends, the venturi may be supplied with

an exit cylinder section attached to the divergent to accommodate installation

to the matching downstream pipe.
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8.2.5 TRUNCATION - A Venturi tube may be shortened by up to 35/ of the divergent
section length by truncation., A venturi tube is truncated when the inside diameter of
the venturi outlet end is less than the diameter (D). Such truncatton may stightly
increase the permanent pressure loss.

8.2.6 ROUGHNESS - The throat and the radii of all curvaturec chall have a maximon
roughnese of less than 1.3um [98uinl. The roughness of the other parts of the Venturi
shall depend on its method of manufacture (See 98.2.7, ¥8.2.8, and 8.2.%); however, th
internal surfaces shall be clean and free from all protrusions, encrustations, and/ar
welding deposits,

8.2.7 CHARACTERISTICS OF AN ASME VENTUR! WITH & ROUGH CAST CONVERGENT =~ The minim.m
length of the entrance section (A) shall be equal to the =smaller of

10 or (0.25 D + Z50mm{ 10 in.J2. The internal surface of the entrance section (A) znd
the convergent cection (B) may be left rough cast provided that they are free {from
cracks, fissures, depressions, irregularities and impurities, and the maximum
roughness ts gpm{300pinl}. The radius of curvature R, shall be equal to 1.373D
(220%>. The radius of curvature R, <hall be between 3.625d and 3.750d. The radius
of curvature R, shall be 104 = Sc. The value of R, shall increase as the

divergent angle decreases,

§.2.8 CHARALCTERISTICS QF AN ASME VENTURD WITH A MACHINED CONVERGENT - The entrance
section tA), convergent sectron (B2, znd divergent section (EJ) shall have a maximu-
roughrese of 0.0uml20uinl. The radit of curvature of R, R and R, shall be

lece than 0.25d and preferably equal to zero.

A

8.2.9 CHARACTERISTICS OF AN ASME VENTUR] WITH A FABRICATED CONVERGENT - The entra-ce
section (A), convergent section (B), and divergent section (E) shall have a maximum
roughness ot &6.0nml230minl. The radii of curvature of R, R, and R, shall be

less than 0.25d and preferably equal to zero. All internal welded seams shall he
flush with the surrounding surfaces.

8.3 MATERIALS AND MANUFACTURE OF ASME VENTURI TUBES

8.3.1 MATERIALS - Venturi tubes covered by this Standard may be manutactured from any
material provided that the material used does not wear excessively and remains
dimensionaily stabkle in continued use.

8.3.2 JOINING THE CONVERGENT SECTION 70O THE THROAT - 1t is recommended that the
convergent section and the throat be manufactured from one piece of material, 14 this
is not possible, as in fabricated construction, it is recommended that either:

(1) the throat section be machined after it is joined to the convergent
section; or

(2) the throat section be of sufficient length to allow for the machining of

the radius R, and a portion of the convergent angle, requiring the joining of
the convergent section to the throat at a diameter greater than d.
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£.3.3 JOINING THE DIVERGENT SECTION TO THE THROAT - Care shall be takKen to ensure
that the divergent cecticn i¢ centered with the throat., There <hall be no steps
e tween the inside diameters of the two parts.

£.2.4 THROAT LINING - VYenturi throate may be lined with any material conforming to
clauce £.3.17.

8.4 PRESSURE TAPS

§.4.1 NUMEER OF TAFS - If individual preccure taps are desired, a minimum of tlwo 20
upstream and two (2) throat taps shall be provided., 1t is recommended that four (47
upstream and four (43 throal taps be provided and that they be interconnected by meanc
of annular chambers conforming to $8,4.4,

8.4,7 TAF LOCATION - Upstream tape thall be located on the entrance section at a
distance of 0.5D0 €+0.00, -0.250: 4rom the beginning of the convergent section., Throat
taps shall be located at (0.9 = G.02)d. Both upstream and throat tape chal) he
located on equal spacings “i.¢, 1e6° or 907y apart.

§.4.% TAP HOLE EDGE ~ The edge of each pressure tap hole shall be square, sharp, anc
free of burre or nicke at the inner surface of the venturi tube.

2.4.4 TAP LENGTH - The pressure tap hole chall be circular and cylindrical for a
Yeagth of atl least 2.5 times the drameter of the hole measured from the inside
diameter of the Venturi.

8.4.5 TAF 517E - The reconmended cize of the tap hole is between 4nm {0.13in) and
10mm[0.4 in) inclusive, but not greater than (.10 for upstream taps and 0.130 for
throat tape. It ic additionzlly recommended that prescure tape be as emall ac
possible while still considering the possibility of tap hole plugging by
contaminaticon.

8.4.6 TAPS WITH ANNULAR CHAMEBERS - The croce sectional area of the annular chamber,
if yeed, chould be greater tham half the sum of the pressure tap hole areas. 1t is
recommended that the anrular chamber be doubled in cross sectional area if the ventur:
is to be instalied with insufficient upstream piping from a disturbance which may
cause swirls or vortices in the measured fluid.

2.5 ASME VENTUR] TUBE OISCKARGE COEFFICIENTS

8.5.1 LIMITS OF USE - The effects of D, p, and Ry on the value of the discharge
coefficients of the Venturi tube outside the limits given in this section are not
cufficiently well establiched to allow a reliable statement of uncertainty other than
that given in Appendix C.

Flow Measurement at the limits of the values of D, 8, and Ry simultanecusly should
be avoided because the probable uncertainty of the coefficients is greater.



8.53.2 COEFFICIENT OF DISCHARGE (C) FOR ASME VENTUR] TUBES WITH A ROUGH £AST OR
FABRICATED CONVERGENT - The value of the coefficient of discharge (C) for a venturi
tube with a rough cast or fabricated convergent section is

£=10.984 (Eq. 35

When the venturi is manufactured and used in accordance with this Standard and the
following Timitations are ophserved:

S 1 U s
100mm = D = 1200mm fd4in = D = 48inl
0.30 = p £ 0.75
2 x 10° < Rp < 6 x 10°

Note: Upper Yimitation of 1200mm {(48in) is recommended as a maximum;
however, current data indicates that Venturis may be used up to 2100mm (Sdin)
with retrabilety,
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8.5.3 COEFFICIENT OF DISCHARGE <C) FOR ASME VENTUR] TUBES WITH A MACHINED CONVERGENT
-~ The valye of the coefficient of discharge (L) for a venturi tube with a machined
convergent section is:

C = 0.995 {Eq. 34

When the venturi is manufactured and uced in accordance wrth this Stapdard and the
following limitations are observed:

SO0mmy = D £ 250mm {2in 2 0 = 10in)

0.30 = & 0.75

A

3

[

2 x 10° £ Ry = 2 x 10
8.5.4 EXPANSION FACTOR ¢ (Y3

The information given in 97.4.3 also applies to all venturi tubes covered by Section 8,
proviged the limits of use as given n 98,5.2 or ¥8,5.3 are observed,

8.46.1 UNCERTAINTY OF COEFFICIENT OF DISCRARGE (C) - The percentage of uncertainty ot
the coefficient of discharge as given in %8.5.2 and 98.5.3 is equal to 1.0 regardlecs
of the method of manufacture.

£.6.2 UNCERTAINTY OF THE EXPANSION FACTOR ¢ £Y] - The percentage of uncertaintr of
the expansion factor for ASME venturi tubes as given in B.5.49, ic equal to the
following expression:

SI us

&t Y

h
2L, 100 = 14+1008%) 22y 100 = [0.144 + 3.618%) 2 ¥
€ Py Py

Y

8.7 PRESSURE LBSS OF YEWTURI TURES ~ t [h 1

l >0 . >&0
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— iy

Figure 9, PRESSURE LOSS ACROSS AN ASME VENTURI TUBE



8.7.1 DEFINITION OF PRESSURE L0SS (Figure %) - the loss of pressure cauvsed by &
Venturi tube, at a specified flow rate, may be measured by determining the pressure in
the pipe prior to and subsequent to the installation of the Venturi. As illustrated
by Figqure §, ap’ i the difference in pressure measured between a point |1 U upstresz
from the upstream end of the Venturi and a point 6 D downstream from the downstream
end of the Uenturi prior to installation of the venturi. ap" is the difference in
pressure after instzltation at the same pressure measuring locations. The pressure
loss is equal to sp" - &p’.

ap"-Ap”~
8.7.2 VALUE OF THE PRESSURE LOSS ~ The value, &t = —EEE—Ea, the

pressure loss:

(1) Decreasec ac gdiameter ratio increases,

(2) UDecreaztec a

"

Reynolds number inCreases.
(3) Decrezsec ae divergent angle decreaces.

{4) FRoucghnese of Internal Surface - Pressure locs decreases as roughness
derreases.,

(S) Decreasec ac alignment with matching pipe is improved,

Prescsure locces are generally within 5% to 20% of the developed differential prescure
as shown in the charts in Appendix D. The largest influence on pressure loss 18 the
divergent cane angle and B, Wtilizing only these two factors, the formulae shown

below provides estimates for 1css as a percentage of developed differential pressure.

For 15° inciuded angle divergent -
r o= 0,436 - 0.54p + 0.59p°

Fer 2° included angle divergent -
¥ = 0,218 - 0.42p + 0.388°

8.6 INSTALLATICH REQUIREMENTS FOR ASME VENTURI TUBES

8.8.1 CIRCUL&ARITY OF PIPE - In the immediatfe vicinity of the ASME veaturi tube the
following shall apply:

{1) The average upstream pipe diameter (D) shall be within =1.07 of the
average diameter (D) for at leaet 2D measured upetream from the entrance
section,

{2) No single measurement of the upstream pipe diameter (D) shall dififer
by more than 22.0% from the average diameter (D) of the ASME venturi entranc
section for at beast 2D preceding the entrance section.

¢3) The average downstream pipe diameter must not be less than 90/ ot

inside dizmeter of the downstream end of the diffuser section of the ASME
Venturi.
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6.8.2 ROUGHNESS OF UPSTREAH FIPE - The upstream pipe shall not have a roughnese of
greater than k7D x 1D ¥ fer at least 2D from the upeiream end of the entrance
cection of the venturi tube.

€.5.3 ALIGNIENT OF THE ASME VENTURI - The offcet between the center lines of the
vpciream pipe and the Venturi <haill be lese tham 0.0050 and shall be aligned with the
upstream piping to within 1°

§.5.4 RECOMMENOED UPSTREAM STRAIGHT LENGTHS FOR ASME VENTURIS - Table 6 gives the
minimum straight upstream lengths recommended by this Standard {for which there i an
additionat 0.5/ uncertainty on discharge coefficient.

§.8.4.1 LIMITATIONS -~ The limitations givern in 95.4.! thruv 95.4.49 apply to the values
given in Table é. A1l straight lergths are exprecssed in multiples of incide diameter

D) as measured from the upstream tap of the Venturi tube. The pipe roughnese for the
entire length of recommended siraight run should not exceed that of new, commercially

available pipe.

TABLE & ~ RECOMMENDED STRAIGHT LENGTHS (4),(c}
(For 0.5 Additional Uncertainty)

Dia- Single 90°| Two or more | Two or more Reducer 3D Expander Ball or
meter chort $67 bende 96° bends to b over 0.73D to D Gate Valve
Retio Radius in the same | in different | a length of ouer a Fully Qpen
Bend(1) glanels) planes(y,3) of 3,50 length cf D
{¢} (&)
0.30 0.5”: 0.5 0.5 0.5¢% 0.5 0.5
¢.35 U.s(“} 0.5 8.5 0.5 5.5 0.5
.40 0.5 % 6.5 0.5 0.5 0.5 1.5
0.45 6.5 0.5 0.9 0.5 i.0 i.%
(.30 0.5 1.5 8.5 0.5 1.5 1.8
8.5% 0.9 1.9 12.5 0.5 1.5 2.5
0.40 1.0 2.9 17.5 9.5 1.3 2.5
D.&5 1.3 2.5 23.5 1.5 2.5 2.5
0.70 2.0 2.9 27.5 2.5 3.5 3.9
a.7% 3.0 3.9 29.% 3.5 4.5 3.5
Hotes:

1} - The radius of curvature of the bend shall be equal to or greater than the pipe
diameter,

2) - These lengths require no sdditional uncertainty, but the shorter lengths are not
proven syfficiently to be published in this Standard.

3) - Data has been published which would suggest that, after two elbows not in the
same plane, less error in coefficient would be found by eliminating all straight
upstream pipe,

4) - The minimum lengths of straight upstream pipe for ASME Venturis are less than
those in Table 2 for orifice plates and flow nozzles because ther are derived from
different experimental results, The convergent portion of the ASME Venturi is
designed to obtain a more uniform velocity profile at the throat.

s) - The statements in 5.4.5 regarding Table 2 are also applicable regarding Table é.
¢} -~ The insertion of 5 to 100 straight leagths between the two bends is sufficient
to make the combined effect the same as the single bends in the left column,



8.8.5 RECOMMENDED DOWNSTREAM STRAIGHT LENGTHS - Fittings and other disturbances as
ingicated by Table &, situated at least four (4) thrpat diameters downstream of the
throat tap, do not affect the accuracy of the measurement,

§. UNCERTAINTIES IN THE MEASUREMENT OF FLOW RATE

Referance shall be made tg the ASME MFFCC Standacrd and 150 5id8, (Calculation of the
uncertainty of a measurement of flow rate), which give useful general information on
this subject.

2.1 Definition of uncertainty

?.1.1 For the purpose of this Standard the uncertainty is defined as a range of
values within which the true value of the meacurement is estimated to lie at the 994
probabiltity.

In some cases, the confidence level which can be attached to this range of values will
be greater tham ¥5%, but this will be so0 only where the value of a guantity used in
the calcuylation of $low rate is Known with & condfidence level in excess of $34. In
such a case, reference shzll he made to the ASME MFC - IM Standard and 150 5148,

9.1.2 The vncertainty on the measurement of the flaw rate shalf be calculated and
given under this name whenever a measurement i< claimmed toc be in conformity with this
Standard.

?.1.3 The uncerlainly can be expressed in absclutle or reiative terms and the result
of the {low measurement can then be given in any of the following forms:

"

rate of filow q =49

)]

or rate of flow q (1z2e)

It

or rate of flow = q within (100 e

where the uncertainty 5q shall have the same dimensionc as q while e = §q/q and i<
non~dimensional.

9.1.4 The uncertainty of the {low measurement so defined is equivalent to twice the
standard deviation of statistical terminplogy. LikKe the latter, it ic obtained by
combining the uncertainties of the individual quantities used in the flow rate
calculation, assuming them to be zmall and independent of each cther. For one single
measuring device used in one test, some of these uncertaintiec may be sycstematic, of
which only an estimate is Xnown. Their combination is permitted as if they were
random errors having & distribution conforming to the Laplace-Bauss normai law.

2.1.5 For convenience a distinction is made between the uncertainties associated wit
measurement equipment of the user and those quantities specified in this Standard.
The latter uncertainties are on the discharge coefficient and the expansion factor an
indicate the uncertainty over which the user has no contrel, They occur because smal
variations in geometry are allowed and because investigations on which the values are
based could not be made under "ideal® conditions,



¢.2 Practical computation of the uncertainty

¢,2.1 The basic formuyla of romputation of the mass rate of flow qp is:

S us
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In fact, the various quantitiec which appear on the right-hand side of this formula
are not independent, soc that it is not correct to compute the uncertainty of qp
directly from the uncertainties of these quantities.

For example, C is & funclion ot d, D, x, U v

1+ Yy

¢ [¥Y] is a functien of d, O, 6p (h), p,, X

However, it s sufficient to calculate the uncertainties of ¢ [Y], ap (h, ), and
p, as if independent of each other and also independent of the uncertainties of ©
andg d.

?.2.1.2 A practical working formuia for 3q, may then be derived, which takes

account of the interdependence of C, d and D which enters into the calculation ac a
consequence of the dependence of C on &, It shall be noted that € may also be
dependent on the pipe diameter O, as well as on the Reynolds number Rp. However,

the deviationt cf C due {o these influences are of a second order and are included in
the unceetainiy on C,

Similarly, the deviations of ¢ [Y] which are due to uncertainties in the wvalue of 8,
the pre=zsure ratio and the icentropic exponent are alsc of a second grder and are
included in the uncertainty on ¢ {Y).

9.2.1.3 The uncertainties which shall be incluvded in a practical working formula for
sqm are therefore those of the quantities €, ¢ [Y), D, &p [h,l, and p, .

?.2.2 The practical working formuia for the uncertainty, $q,, of the mass rate of
flow it as follows:

For SI1 units:

éq 2 2 «l2 2 1 2 2 1
e = ._-.T = -S.E + .8._(. + 2 -3;2 + __2__ f-g & 8—G-E‘- + ig (Eq 38a)
' £ € 164 10 1-p* d 28p 2p
for US units;
59 2 1 4] 2 2 2 2 " R
m 4C sY 28 5§D 2 &d sh 89
e = —0 = = +i=f +]——] |} ¢+ —_— ] 4= J
m [c] [Y 1-p44 1P l-a‘] d] lzhw] [2"] (Fe 380

In the formula above some of the uncertainties, fike those on the fiow and expansion
coefficients, are given in this Standard (see 4%,2.2,1 and 9%.2.2.2) while others must
be determined by the user (see 99,2,2.3 and 99.2.2.9).



9.2.2.1 In the formulas above, the values of §C/C and of 8¢/t shall be tzken from the
appropriate sectione of this Standard.

2.2.2.2 UWhen the straight lengths are such that an additional uncertainty of D.54
must be included, this additional uncertainty shall be added simply according to
15.4.1 and 43.4.2, but not quadraticajiy combined with the other uncertainties in the
formuia given in 89.2.2. Other addition2l uncertainties must be added in the same way.

2.2.2.3 In the formula above the maximum values aof §0/0 and of $d/d, which can be
derived from the specifications given in section 5, and in 94.1.4, §7.1 and ¥8B.2,
can be adopted or alternatively the smaller actual values can be computed by the
user. (The maximum values of aD/D may be taken as 0,47 while the maximum valuwe for
ddsd may be taKen ac 0,074,

$.2.2.4 The values of topsop (ah /h, ] and épy /p{ shall be determined by the
1 1

user because this Standard doss rnot specify 1n detail the methed of meacurement
of the quantities ap (h,J and pg .
1



APPERDIX A

Typical values of the pipe wall roughness k

_ _ 5] us
Material Condition K, mm K , inet0”?
brasc,
copper,
aluminum, smooth, without sediment <0.03 <1
plastics,
glass
new, seamless cold drawn +0.03 <1
new, seamlecs hot drawn
new, seamiess rolled 0.05 to 0.16 Z to 4
new, welded longitudinally
new, welded spically 0.18 ig
stee) slightly rusted G.10 to 0.20 4 to 18
rustyr 0.20 to 0.30 10 to 13
encrusted 0,50 to 2 20 to &0
with heavyr encrystations »2 B0
bituminized, new 0.0% to 0,85 1toz
bituminized, normal 0.01 {o 0.02 6.5 to 1
galvanizeg 0.13 g
new 0.25 10
ot Fusty 1. tp 1.5 40 to &0
cast irco encrusted »1.% » &9
bituminized, new 06.03 to .05 1"to 2
asbestos new; coated and not coated <0.03 < i
cement rormal: not coated .05 2




APPENDLIX B

TABLE BI
RESULTS OF SaMPLE CALCULATIONS FOR DISCHARGE COEFFICIENTS AT RD = 10"

ORIFICES ¢ 16.2.2.1 EGUATIONS?

Beta Corner D and D/2 Flange taps

& taps {aps S0mm (2in> 100mm (4in)
0.30 0.5997 3.5%%1 r~— 0.59%0 0.5%991
G.5G 0.4053 0.&040 0.4058 0.8058
0.70 0.4047 0.6136 G.413%2 0.4110

—
ASME NOZZLE (ED. 302
0.30 0.9842
0.30 a.7829
0.70 0.9802
TaABLE BZ

RESULTS OF SAMPLE CALCULATIGNS FOR EXPAMSION FACTOR ¢ Y]

FOR ASME NOZZLES

p?/ps 0.95 0.80
B leentropic Exponent x = 1.4
0.30 0.9724 f.88%55
.30 0.%704 0.8783
0,70 0.9622 0.89504
) lsentropic Exponent x =1.3
0.30 0.97035 6.8773
0.50 0.%483 0.8700
8.70 0.9594 0.8404




APPENDIX C

CLASSICAL VENTUR] TUBES USED OUTSIDE THE SCOPE COVERED
BY THIS STANDARD

C.!l GEMERAL

As indicated in $B.5.1 the effecte of Ry, /0 and & on C are not yet well enough
kKnown to allow standardizztion outcide ?he Timits epecified in fthis Standard,

This appendix summarizes the data from all the available results which can be used.
The values or the direction of variation of discharge coefficients and uncertainties
are given in terms of the parameters p, R, and K/D in order to allow an ectimate of
the rate of flow. These varicus effects will be treated separately though some
resulis show that they are not independent.

The number of lests available on this cubject is small and these fests were mostly
carried cut on Venturi tubes whose geometry was not strictly in accordance with this
Standard. Az a result the confidence in the discharge coefficients and the
uncertainties is relatively low.

C.2 EFFECTS OF THE DIAMETER RATIC g

From an examination of the results available for Venturi tubes with diameter ratios
around and above B = 0,75% it has been noted that the spread of measuyred discharge
coefficients is wider than for smaller diameler ratioce. Hence the uncertainty on the
coefficient should be incresgsed.

1t is recommended to double the uncertainty on C when p is above the maximum
permissible value.

*This recommendation i¢ based on tests carried out on Wentyri tubec of diameter ratio
A up {o 0.8.

C.3 INFLUENCE OF THE REYNGLDS NUMBER Ry

£.3.1 General

The effect ot the Revnolds number R, vary according to the type of tlassical Venturi
tube and causes a variation in the discharge coefficient and an increase in the

uncertainty.

These variations are more important when R, is less than the specified minimum of
RD than when RD is greater than the specified maximum of RD'

C.3.2 Classical venturi tube with a rouph-cast converqent

The eftfects of Reynolds number are as described below.

When Ry decreases below 2 X 10° the discharge coefficient C decreases steadily and
the uncertainty increases.

When R, increases above 2 X 10% the discharge coefficient does not appear to change
With Reynolds number nor does the uncertainty.



For estimation of the rate of flow, the following values of the discharge
coefficient C and the uncertainty, given as guidance, may be used:

RD C Unceriainty
4 % 10t 0.957 2.5
& X 10! 0.966 2
1 X 10° 0.97¢ 1.5
1.5 X 10° 0.582 1

C.3.3 Classical venturi tube with a machined convergent

The effects of Revnolde number are:
When Rﬁ decreases belew 2 XIG° it it cften found that there is a small increase
in the discharge coefficient [ before there is a steady decrease with decreasing

Rp. The uncertainty on C increaces sigwly at first and then rapidly.

When Rp increases zhove 2 X 16° 1t is found cccasionally that there is & slight
increase of C with Ry the uncertainty on C alco increases slightly.

There ic sufficient evidence available to <how that better correlation ts achieved
in terms of Rd thar in terme of RD‘

The maximum occurs hetween 2 X $0° and 4 X 10°.

In order to estimate the rate of flow the foullowing values of the discharge
coefficient and the uncertainty may be vsed:

K C Uncertainty
d ‘/:*
S X f0t 0.97¢ 3
1 X 16° 0,77 2.5
z X 16° 0.992 2.5
2 ¥ 16° 0.99& 1.5
5 X 10° 0.9%s 1

x For low Reynolds number, experimentx) recults are not a Gauvssian distribution.
The mean deviation of L is sKewed {oward lower values.,



C.3.4 ({lascical venturi tute wilh a rough-welded sheet-iron convergent

When R, decreases below Z X307 the diecharge coefficient C decreases slightiy
wheile ?he urcertainty on [ increases,

The following values of the di<charge coefficient and the uncertainty may be used
to obtain an estimate of the rate of flow:

Ry r Uncertainty
i
4 ¥ y0 0.9¢ 2.3
4 X 101 0,57 7.5
1 x 10f 0.9% 7.5
2 % 16°% (.98 2.0

C.4 EFFECTES OF THE RELATIVE ROUCGKHIESS ¥<D

L.4.1 Rcoughnese of the classical wventuri tube

An 1ncreace of the convergent roughness reduces the discharge coefficient C.
Concsidering the present <lage of ¥nowledge, it is not poscible to predict the
value of that reduction, but it 1< probably less than 24,

Classical Venturi tubes with a macfiined convergent seem to be more sensitive to
roughness than the otherc,

The pressure lose of the Venluri tube increases with the roughness,

€.4.7 FRoughnets of the upsiream pipe

An increaze of the upstream pipe roughnese caucses anh increace of the discharge
toefficient C for the classical Venturi tube. This effect seems more markKed as
becomes greater.

There are insufficient satisfactory data to provide quantitative results on this
subject.

In order to allow an estimation of the discharge coefficient and the uncertainty,
it may be noted that transfer from & hydraultically smooth pipe to a pipe in the
relative roughness of which i< 5 X 10 ! may involue increases of the discharge
coefficient ranging from 0.2 to 0.7% 4or B = 0.9,

It is recommended to increase the uncertainty on C by at least hal$é the correction
made on C.
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APPENDLX D
PRESSURE LOSS IN A CLASSICAL VENTURI TUBE
This appendix is given for guidance only.

D.1 For a clascical venturi tube with a total angle of the divergent equal to
7° and a pipe Reynolds number Ry greater than 10‘4 the relative loss,

_ op' - &p°
E = e (Eq DI)

probably is in the hatched area shown on Figure D-a.

D.2 Ffor a given Yenturi tube, t decreases when Ry increases and it seems to
reach a limiting value above Rp = 10°. Fiqure D-b is an approximation on the
ratio of &t to its limiting values,

D.3 The relative pressure loss increases with the angle of the diverqgent, as
shown in Figure D-c,

D.4 No precise indication is availabie on the pressure ioss of a truncated

Venturi tube. The length of the divergent may be reduced by about 357 without
a significant increace of the permanent pressure loss.
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APPENDIX E

THERMAL EXPANSION FACTOR

Calcutation of £_, thermal expansion correction factor, Example

Assume ! . 21458 Qrifice Plate

B. Carbon steel pipe

c. & = 0.40 .

D, theas = 068 F

E, t = 110 F

F. ap e 0.0000095 (for 314 plate)d

G. 1, = 0.00600&7 (for carbon steel piped
then:

- 2 d
Fa= 10— v Capg - Bla 0t = tre.e)

and: Fa = 1.,000z42



THERMAL EXPANSION DATA (SD)

. A
Mean Coelficienl of Thermat Expansion = —— (mm/mm/"C) .
p 10+ in Going From 21°C to Indicated Temperature
Linear Thermal Expansion = & {mm/m)

Coet- ... . _YempRnge21Cto . __ . . . —
Matesial hcient - 198 101 —46 21 93 149 204 260 36 371 4217 482 539 593 649 704 TW0
Caibon sieel; carborn-maly steel A .00 990 1044 1093 1148 11.88 12.29 12.64 13D} 1339 1377 1411 1435 1462 1474 1490 1505
low-chiome steels (through 3Cr) 8 197 120 070 O B2 152 225 302 @) 469 558 651 VA4l 837 925 1018 111}
Intermediate alloy steels; A B.46 9.3 98] 1031 10.87 1114 11.41 1170 11.99 1224 1253 12.78 13.00 1118 ]334 1348 1M59
{5Cs - Mo theough 9Cr-Mo) g 1.85 1.14 g6t 0 0.78 142 208 2.19 353 428 508 58% 471 15l 8.3y 921 10.04
Austenitic stainless steels A 14.67 1548 1602 1640 1881 1705 1726 1746 1768 1786 18.0% 1829 1852 1870 1886 18.97 19.08
i} 321 1.89 .. 4] 1.22 2.17 Yie 417 520 625 7.03 9.4} 9.56 10,70 11.8) 1296 1409
Straight chronsum stainless steels; A T.14 0.46 9.00 9.43 9.90 10.19 1046 10.73 1103 11.27 1350 11.74 1193 1210 12.20 1233 12.42
t12Cr, 17Ct, and 27C1) 8 1.76 103 060 O 071 130 192 Z57 325 194 4b6b 540 6lb 692 746 0842 %17
25Cr-70Ni A 11.43 1233} 12%6 1146 1397 1426 1454 1480 1508 1534 15462 1586 1606 1620 1634 16.42 16,52
8 2.50 1.5% 0.82 0 .01 1.82 2.7 3.5} 4,44 9.6 b33 7.3) B.2% %26 10.2% 112} 1120
Monel A 999 12.15 12.87 1346 1411 1444 14.76 1512 1544 1580 1613 1649 1681 1214 1746 17.70 1807
167HE-30Cut 2] 2.17 1.a% L, 0 1.02 1.84 2.1 1kl 455 55) 6.51 7.60 8.6  9.80 1095 1211 13)4
Monel A 963 11.001 1724 1202 1)46 1382 1422 1456 1494 1530 1566 1602 1638 1674 §7.10 1746 17.80
tLBNI-29Cu- Al a 211 1.42 082 0 097 177 2bl 347 440 536 &35 7380 346 9.58 10.83 11.93 1314

A 1782 1942 2008 22.0% 2331 2390 2440 2502 2556 ... e e e ve e s

o & 1.yQ 2.40 139 0@ 147 305 444 597 752 ... . . ‘. . .. ‘s

Gray casl iron A . 1035 1067 1098 1500 1% 65 11.9) 1:29 1240 1294 ... P Ve .

. L e ) 0 0.75 437 202 270 342 419 496 S5Bi_ b.68 .. e

Bronze A 1512 1575 16.47 1723 10.05% 1822 1841 1050 1879 18.94 1912 1930 1944 19462 1980 ... e

_ Fo) 3z 1.92 1.10 ¢} 1.0 232 iy 444 553  &.0L2 Fs 890 1004 1)1.22 1243 ... N

Drass A 14.76 1530 1611 1681 17.57 1800 16,41 1BB% 1%24 1966 200% 2052 2093 2133 2L.76 ... .

I 3.23 1.87 1.07 o] 1.27 2.0 3.7 450 566 b.OB B.15 945 1081 12.20 1365 ... ‘.

Wroughl irea A 1026 1134 1197 1255 1316 1346 1370 1391 1418 14.42 1463 1492 1510 ... Ve .-

a8 2.29 1.39 080 0 0.%5 1.72 2.51 332 417 505 5.9 b.BB 7.80 ... s “ .

Copper-nickel A 11,97 1332 1404 14469 1537 15468 12 ... S o C. PN e ' . e

(F0Cu-30Mi) 8 262 1.62 0.94 D 1.11 2.00 29y ... S L e . i ‘e

GENERAL NOTE:

These data are for informalion and i1 i3 nol Lo be implied that malerials are

suilable for all 1he 1emperature ranges shown,
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11, THERMAL EXPANSION OF UARIOUS MATERIALS

Coefficient of Thermal

Material, lemperature S £xpansion at $3°C [200°F)

mm/mm degq C in/in/deg F
Hactelloy B, & to 100°C [32 to 212°F) 0.0000301 0.8000056
Hactellay C 0.0000113 0.0060063
Inconel X annealed 0.0000520 0.0C00047
Harnes Stellite 25 1Lé05) 0.0060137 0.6000074
Copper (ASTM B15Z, B124, BI33) 0.0000147 0.00000%%
Beryllium copper 25 (ASTM E194) 0.000G147 0.0000053
Titanium, 20 to 100°C [76 to 212°F) 0,00000ES 0.60006047
Tantalum, 20 to 100°C [70 to 212°F) 0.0000045 0.006003¢

CAUTION: These values are for temperatures around $3°C [200°F1. Coefficients
wiil vary as moch as §00X in going from ~7606°C [(-33G°F1 to 750°C (1406°F1.
Refer to tables in handbooks for those temperatures.



Angle of bevel , 22

Annular chambers , 23

ANS1/ASME PTC & , 32

Any equations may be used for calculating , 31
APl RP350., 72

ASME FLOW NOZZLE, 32
COEFFICIENTS, 35
entrance section, 33
exit end section, 33
expansion factor, 34
flow conditions, 33
general requirements, 34
installtation, 33
pressure loss, 37
pressure taps, 34
throat section, 33
uncertainty, 36

ASME VENTUR] TUBES, 37
convergent, 3%
design details, 40
DISCHARGE COEFFICIENTS, 4]
divergent, 39
downstream length, 46
entrance section, 3%
expansion factor, 43
ingtallation, 44
timits of uvse, 4)
material, manufacturing, 40
pressure loss, 42-44
oressure taps, 41
roughness, 440
shape, 39
throat, 3%
truncation, 40
uncertainty, 43
upeam length, 490
WITH A FABRICATED CONVERGENT , 37
WITH A MACHINED CONJERGENT , 37
WITH A ROUGH CAST CONVERGENT , 37

BI-DIREETIONAL FLATES, Zz3

Calibration of flow meters , 8

Carrier rings for corner tap orifices , 5
Change of phase , 12

Circularity of the pipe, 13

Ctassical Venturi tube prssure loss, 54
Combined correction factor , 10
Compressible (gas or vapor), 7
Computation of flow rate, ¢

Conditioners, pressure losses, {9
Conservative installation, 15, 17
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orner Taps, 27
pipe roughness, 2%

Definiticns:
diameter ratio, 4
differential precsure, 4
Discharqge coefficiente, &
Expansion factor, ?
Flow, 5
leentrapic Exponent, &
nozzle, 4
orifice or throat, 4
orifice plate, 4
Pipe internal roughness, 8
precsure measurement, 4
pressure ratio, 4
pressure tap, 4
primary devices, 9
Reynolds number, 3
static pressure, 4
venturi tube, 4
biameter ratioc of a primary element , 94
DIFFERENTIAL PRESSURE TAPS, Z3
Differential pressure; , 4
DISCHARGE COEFFICIENT, &, 20
Downstream ctraiqht length , 14
Eccentricity of the oritice bore , id
Edge thickneses &, 21
EXPANSION FACTOR, 7, 2t
FIELD OF APPLICATION, 72
Flow condition requiremente, 12, 20
Flow conditioning devices , 14, 17
Flow conditions immediately upstream , 12
Flow rate, computation, ¥
Flow: Definitions, 5
Fluid requirements, 11

Gas and vapor density, 10
GENERAL MEASUREMENT REQUIREMENTS , 13
General requirement for flow conditione , 20

Incompressible (liquid), 7

Inside surfzce of the measuring pipe , 13
INSTALLATION REQUIREMENTS, 12

154 1932 flow nozzles, 32

lsentropic Exponent , 5
180 2184, , 72

Length of the upstream pipe , 13
Lecation of primary device , 14

Mass rate of flow , B
METHOD OF COMPUTATION, 8
Miller iterative form, ¥

HNozzle: , 4, 72
See ASME nozzles



Orifice:
angle of bevel, 22
annular chambers, 23
Ascembly, rings, and gaskets , 15
diameter , 23
expansion factor, 3!
pressure loss, 32
presure taps, 23
tap location, 25
upstream edge, 22
uncertainty of ceefficient, 31

ORIFICE PLATES , 4, 20, 72
deccription, 20
gap preceding
MATERTAL AND MANUFACTURE, Z3
Surface flatness and smoothness , 21
thickness E , 2}
WITR CORNER TAPS , 24
WITH D AND D72 TAPS |, 24
WITH FLANGE TAPS , 28

Fercentage uncertainty (Bias limite)y, 31
Pipe internal rcughness criterion, 2
Pipe roughness, , 16

Pipe wall roughness, typical, 4%
Polytroepic exponent |, &

PRESSURE LOSS IN A CLASSICAL VENTUR! TUBE, 54

Pressure loss, orifice, 32
Pressure loss, conditioners, 1%
Pressure Measurement:, 4
Precsure ratio P{R/P{,, 4, 12
Pressure ratioc requirements, 12
Pressure tap:, 4

Precssure taps, machining, 24
Prescuure taps for orifices, 23
Primary device requirements, 11
Primary devices., 4, 72
FRINCIPLE OF MEASUREMENT , B

Ratio of ideal-gas specitic heats , &
Recess or gap preceding orifice, 15
Requirements for orifice plates, 13
RESULTS OF SAMPLE EALCULATIONS , SO
Rernolds number, 5

SCOPE , 72

Seal rings for orifices , 19
Secondary elements, 72

Sizing the bore , 9

SPACING OF PRESSURE TAPS, 295
SPRENKLE *Straightener®, 19

Static pressure measurement, 10
Static pressure of the flvid , 4, 10
Step between any two sections , 13



Temperature measurement, 11

Temperature of the fluid , 1l

Thermal expansion correctiion factior, Example, 56
Thermal expansion correction factor:, 9

Thermal expansion correction, 10

THERMAL EXPANSION COF VARIOUS MATERIALS, 3%

Tube Bundle Conditicner, 19

Tvpe of fiuid, 11

Types 0f conditioning devices, 1?

Uncertainty of the fliow measurement , 44
Uncertainty:

computation, 47

IN THE MEASUREMENT OF FLOW RATE, 44

- 0F D1SCHARGE COEFFICIENT, 31

OF EXPANSION FACTOR, 32

practical formula, 47
Upstream and downstream faces of crifice platee, 20
Upstream and downstream straight lengths , I3
Upstream bend or tee, 13
Upstream edge of crifice, 1, 22

Valuve for the pipe diameter D , 12
Vafves , I35
Venturi nozzles, 32
Venturi tube: , 4, 72

cee ASHME Venturi tube
UENTUR]I TUBES USED QUTSIDE THE S{OFE , 51
Volume rate of flow , 8

ZANKER *Straightener”, 17



