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Foreword

The guiding principles for the 2nd edition of this publication are the same as for the previous editioni.e.
to provide a systematic compilation of instructions and basic rules for the design and calculation of
differential pressure flow meters, so that it forms a convenient handbook for all possible users.
This publication has undergone revisions with regard to the 1st publication in order to:

1. Remain in line with the internationally recognized standard practices, i.e. ISO recommendation
5167 of 1980.

2. Adapt to the changing rﬁethods in engineering, where the programmable calculator has become a
standard tool.

Shell specialists have critically examined the requirements as defined by the above ISO publication and
practical solutions are given for some ISO requirements which are difficult to meet. In this way Shell has
endeavoured to make a continued contribution to a more efficient and economic use of these devices in
industry and science at large.

Head Instrument Department
Shell Internationale Petrolenm
Maatschappij B.V.
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1.1 PREFACE

The main purpose of this handbook is to provide data for the instrument engineer to select, calculate,
design and instali flow meters. ' .
Essentially this handbook provides data for differential pressure type flow meters only, except for the
guidelines on selection and installation, where a wider range of flow meters has been covered. The reason
for this approach is, that the differential pressure type flow meter still has preference over all other types
of flow meters in the larger part of the applications, they are reasonably well defined in internationally
recognized standards and test results on these types of flow meter are available over a long period.-
For the other types of flow meter such as turbine, vortex, positive displacement meters, the design data
have generally to be obtained from individual suppliers. : ‘

In revising this handbook the emphasis has been on making it easy for the engineer to find his way in
designing a particular type of flow meter without having to consult other (hand)books or standards,
except for obtaining certain physical data, or having to study this book in full detail before the actual
design work can start. The engineer using this handbook should have available a (handheld) program-
mable calculator for the calculations. Tables are included only when no suitable alternative formulae can
be given. :

Physical data have been given to 2 limited extent only since these tend to change regularly in details and
are normally available to the user.

Some basic principles on the functioning of differential pressure flow meters have been included for
completeness.

For the square edge orifice flow meter, which is the type normally used, the ISO recommendation 5167 of
1980 has been followed, however the design has been amended in some details for practical and economic
reasons. Therefore clarification and proposed deviations from the above standard together with the
approximated consequences on the accuracy of flow measurement have been given where possible.
When other standards are followed these are also dealt with in the handbook in the same way as the ISO
standard above.

Tt has taken many manhours to finalize this handbook. In addition to the main contributors listed on the
title page, many other engineers and designers, dranghtmen, editors and typists have contributed to the
book. They are too many to list but their contribution is greatly appreciated.

A special word of thanks to the management of Shell Internationale Petroleum Maatschappij B.V. who
have made the preparation and printing of this handbook possible.

Comments are welcomed from all users and should be addressed to:

Shell Internationale Petrolenm Maatschappij B.V.

MFEE/4, PO Box 162

2501 AN The Hague — the Netherlands.
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1.2 INTRODUCTION

Where cross references are made to (sub)sectmns in this handbook, the relevant (sub)sectlons are shown
in brackets.

Essentially this handbook can be divided in 4 parts as follows;

— Guidelines on the selection of flow meters (2).

— Guidelines on the design and calculation of flow meters (3) to (10).

— Guidelines on the installation of flow meters (11).

— General information such as uncertainties, background information on the methods of flow meter
design, mstaﬂahon and physmal data (12) to (14)

The basis for the selection of ﬂow meters (2) are the ﬂow charts (2 2) and related error messages (2.3)..
In addition, a general flow meter survey is included (2.4.1) together with graphs which indicate the

limitation and ranges of application for various flow meters (2.4.2, 2.4.3 and 2.4.4).

The above flow charts with error messages, together with the data given in this handbook for various flow

meter designs could form the basis for a flow meter selection and sizing computerprogram (Appendix C).

ISO recommendation 5167 (1980), further referred to in this document as ISO 5167, forms the basis for
the design and calculation of most of the differential pressure type flow meters as indicated in the
references of (sub)sections (3) to (10). The same data are also published as BS 1042 of 1981.

BS 1042, part 1 (1964) still forms the basis for the design of quarter of circle and conical entrance type
differential pressure flow meters (4).

For some special applications, reference is made to the ASME codes and in house information.

Special flow devices such as prefabricated orifice meter runs, integral orifices, restriction orifices, special
intake devices and flow straighteners are chscussed in section (IO) Restnctlon onhces and flow straight-
eners are added only for completeness.

Standard forms for the sizing and flow factor caqulatlon of various drfferentral pressure type ﬂow meters
are included in (Appendix A) and (Appendix B).

The related software programs are included in basic language.

These standard forms present a simple tool for the instrument engmeer to size aﬂow meter or to defme its
flow factor.

An accurate jnstallation of the flow meter is as essential as the flow meter design itself and gmde]mes for
flow meter installation are therefore given in section (11).

An explanation of differential pressure type flow meters is given in section (12) for those instrument -
engineers who do not have a background in physics.

In the same section (12) a clarification is given on the differences between the ISO 5167 guade]mes and
the recommended practices given in this handbook.

These recommendations are given for practlcal and economic reasons and serve, w1th rega.rd to a slight
increase in the uncertainties, the larger part of flow meter apphcatrons

Based on the design data of the flow meter and the installation, the uncertainties can be assessed, section
(13). ISO 5167 forms the basis for defining the uncertainties, however the approximated uncertamtres for
non-ISO installations as discussed in (12) have also been included.

The essential physical data for the design of flow meters are given in section (14).
Physical data on process fluids have been omitted and are considered to be readily available to the
user.

The data given in this handbook are in SI units as far as possible and the nomenclature used is given in

(1.3). ,
13



Symbol
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2

g aw

14

1.3 GENERAL NOMENCLATURE

Desecription

total flow coefficient for pipe bends

ratio of average velocity and velocity at the point of measurement (usnally
the centre) for Pitot and Pitot-Venturi tubes

linear expansion coefficient of pipe material (e,e) or orifice material (ep1are)
or flow meter material (®venturis Enomie) ' .

diameter ratio of orifice or throat and ms1de diameter of line
coeff1c1ent of discharge

internal pipe diameter (upstream) at operanng temperature
orifice or throat diameter at operating temperature '

at design conditions ' _

orifice or throat diameter, measured at temperaturc T,

differential pressure transmitter

' dJ.t'ferentLal pressure at X (scale reading factor) dp = DP(X/ 10?2

internal pipe diameter (upstream) measured at temperature T,

expansibility or expansion factor, a correction required to take into account

the effects of expansion as a compressible fluid flows through a restric- .

tion
'correcuon factor for the steam quahty {moisture content)

height of upstream conduit (rectangular Venturi)

height of throat (rectangular Ventun)

absolute roughness = the average peak to-hollow helght

relative roughness

G spec1f1c heat at constant pressure

C,  specific heat at constant volume

distance between flow meter and first upstream flttrng (stralght length

requirement)

distance between first upstream fitting and second upstream fltttng (stra.lght _

length requirement)

distance between flow meter and first downstream flttmg (stralght length

requlrement) )
Pitot tube factor (depends on construction of Pitot tube)
dynamic or absolute viscosity

absolute static pressure of the ﬂmd at the upstream pressure tappmg (gauge
pressure + local barometric pressure) . : :

mass flow rate
radius of curvature of the entrance form of a quarter of circle orifice

radius of curvature of a pipe bend

Dimension

bar

bar

mPa-s

bar

" kg/s




<

d

deggﬁ

ZR.eD

orifice or throat Reynolds Number

pipe Reynolds Number

density. This is the mass of a substance per unit volume
ambient temperature

operating temperature

mean velocity in pipe

mean velocity in orifice throat 7 '
kinematic viscosity

ﬁdth of upstream conduit (rectangular Venturi)
width of throat (rectangular Venturi)

scale reading factor

diameter bleed hole

roughness correction factor corrected with Reynolds Number

roughness correction factor

kg/m3
e«C
°C

. m/s

m/s

mm?/s

15
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Section 2. Flow meter selection

General

Selection flow charts

List of numbered error messages
Cheice of flow measuring device
Flow meter survey

Lower and upper Rep limits
Mass flow rate limits

Values of nett pressure losses
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2.1 GENERAL

The following flow charts have been developed to provide a means of selecting flow meters. Although
primarily concerned with orifice plate flow meters, Venturis and other types are included with recom-
mendations for their application.

The order of preference for differential pressure flow meters is as follows:

1. Orifice flow meters are preferred to any other.

2. Flange tappings are preferred to corner tappings.

3. Square edge plates are preferred to conical entrance plates.

4. Conical entrance plates are preferred to guarter of circle plates.

The discussion on which flow meter is suitable for the given service is largely based on the limitations of

use as laid down in ISO 5167 and BS 1042 (1964 and 1981).

The charts consider only pipe size, orifice or throat diameter, beta ratio and Reynolds Number limi-

tations.

Note that for all trial calculations it is sufficient to assume initially that all orifice flow meters have a

discharge coefficient of 0.6, Venturi and nozzle meters have a discharge coefficient of 1 and that the

expansivity and velocity of approach factors (1—-B4)—% for all types of meters are 1.0. Thus for a quick
approximate calculation to expedite the use of the flow diagram:

ior <104
For orifice flow meters : d = — w2
V 2.1 Vdp Ve
. - 104 .
For Venturi flow meters : d = — Om
V35 Vdp Vb

Where:d = the orifice diameter in millimetres
qm = the mass flow rate in kilograms per second
dp = the differential pressure range.in bars and
p = the density of the fluid in kilograms per cubic metre

After selecting the preferred flow instrument, the calculations should be performed as appropriate and
further discussed in this handbook.
A further discussion on the choice of flow measuring devices is given in (2.4).

18




2.2 SELECTION FLOW CHARTS

The flow charts gnide the various steps to be taken while selecting flow meters. Each step can be either a
calculation, a selection or a test.
Tests can elther pass or fail.

For further details on calculations and des1gn of differential pressure type flow meters, see the followmg
sections:

Section 3. Square edge orifices :
Section 4. Orifices with special entrance forms
Section 5. Non-concentric orifices
Section 6. Venturi-type devices
Section 7. Nozzles
Section 8. Centrifugal force devices
Section 9. Velocity head devices
0

Section. 10. Special applications

Chart (2.0) gives an overall view of the selection, while charts (2.1) to (2.15) incl. provide guidance in
selecting a flow meter.

A list of messages as indicated in the flow charts is given in section (2.3).

The recommendations given in the following charts and the related EITOI MESSages, see section (2.3), may

eventually have to be corrected.,

For example chart (2.1) suggests that the turndown ratio of a differential pressure transmitter should be

limited to 3:1.

Developments on these types of transmitters may resultin the acceptance of a higher turndown ratio per
, transmltter

19
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OVERALL VIEW
OF THE FLOW
CHARTS

START

Preselaction of

flow meter type based
on turndown ratio
see chart {2.1)

END

Check for sguare edge

arifice with

flange tappings

see charts (2.2, 2.3 and 2.4}

JV

Check for square edge

orifice with

corner appings

see charts (2.5, 2.6, 2.7 and 2.8)

¢1V Y

Check for
Venturi tube
see charts (2.9 and 2,10}

Check for conical

entrance orifice with

corner tappings

see charts (2,11, 2.12 and 2.13)

Check for quarter of circle
orifice with flange, corner
or radius tappings

ses chars (2,14 and 2.15)

Chart 2.0 Overall view of the flow charts




CHECK FOR
TURNBQWN
RATIO

START

Note: TURNAT = Turndawn ratio

TUHkNu

=31
?
Yes
D No TURNAT
= 11.7 mm
7 = 5.5:1
Yes

Message 1” I

Message 2

1l

Message 4

I Message 5 |

* For a list of numbered

{Square edge

H o
flange tappings) mmrlz'lr;;‘ﬂii::::r:hn|

Is transfarred 1o chart {2.2.).

Chart 2.1 Preselection of flow meter type based on turndown ratio

error messages, see section {2.3).
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Use selected DP range.
If program has to select:
set OP at 260 mbar

2.341
2.2

4

Calculate accarding to (3.1.10):
Square edge orifice
with flange tappings

9

Message B
—-l_]_'— [+] l

Nota: If there is progtam selection of DP
(Chart 2.3 or 2.4} messages 7, 10, 11
or 35 ara primed only on the
last failed check hrough the limits,
1ogether with a recard of the BP
beling used on that trial.

—]'-] Miessage A II

»l Message 9 |

Rea

-

g e

= 1280 A2
7

2,2-1Y (Square edge
2.5 / comer tappings)

..]'-I Message 7 II

»l Message 10'

g S—

> Message 11 l

2,2.2
247

e 1

»| Message 35 ]

"1

Chart 2.2 Check for square edge orifice with flange tappings
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2.2.3
2.3

auto
selection of
prim.el
?

auto
selection of
DP range
?

No

Choosa next lower BP
in the range sequence
250, 125, 50, 25, 12.5 mbar

autside
range seq
?

2.31 2.3-2
2,2 2.1
{Start again) {Conical entrance)

Chart 2.3 Check for square edge orifice with flange tappings (continued)
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Chart 2.4

auto
selection of
prim.el

auto
selection of
DP range
?

Yes

Choose next higher DP
in the range sequence
250, 500, 1000 mbar

outside
range seq
7

y A

2,41 242
2,2 2.5
(Start again) {Square edge

corner tappings)

Check for square edge orifice with flange tappings (continued)




Use selected DP ranga,
I pragram has to select,
set OP at 250 mbar

Note: I there is program selection of DP

. {Chart 2.7 or 2.B} messages 13, 13, 18
or 16 ore prinied only on the

. last failed check through the limits,

o ingethar with @ record of the DP

bl belpg used o that tripl.

v
Calculate according to (3.2.9):

Square edge orifice
with corner tappings

43
pory
| oy

D
= 1000 mm

No Message 12 @ {Venturi)

Rep
=20 000

No Message 13

Rep
=10 000
!

Message 14

{Conical entrance}

=|I Message 36 }-—

b ¢

Chart 2.5 Check for square edge orifice with corner tappings
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2.54
2.6

=125 mm

Message 16

Ve -

2,6-1

Message 17

Print

Chart 2.6 Check for square edge orifice with corner tappings (continued)

2.7




auto
selaction of
prim.el

7

Yes

auto
selection of \No
DP range
?

Yes

.

i

Choose next lower DP
in the range sequence
- 260, 125, 50, 25, 12.5 mbar

outside
rangas seq

2.7-2
2.11

{Start again) {Conical entrance)

Chart 2.7 Check for square edge orifice with corner tappings {continued)
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auto
selection of
prim.el

auto
selection of

DP range

Choose next higher DP
in tha range saquence
250, 500, 1000 mbar

outside
range seq

2.841
2.5

{Start again)

Chart 2.8 Check for square edge orifice with corner tappings (continued)

2.8-2
2.14

{Quarter of circle}




&)

Use selected DP range.
|f program has to select
set DP at 250 mbar,

2.10- -
2.9

A

Calculate according to (6.1.10);
Venturi tubs

Note: If there is progeam selection of DP
{Chart 2,10) massages 33, 34
are printed anly on the
fast falled eheck through the limits,
togather with a racord ol the DP
being used on that trial.

Message 30

A

= 1200 mm

o) l
™ Message 31

7

END

™ Message 32 |

No

F

No

> Message 33 I

[ Mecsaae 34 |

END

Message 34 I

Chart 2.9 Check for Venturi tube
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auto
selection of
prim.el

?

Yes

auto
selection of
DP range
?

Yes

e b e ]

Choose next lower or higher OP in
in the range sequence 1000, 500
260, 125, B0, 25, 12.5 mbar

outside

No
range seq

END

2.10-1
2.8

(Start again)

Chart 2.10 Check for Venturi tube (continued)
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&)

Use selected DP range, ’ ’ Nate: If there is program selection of DP

it program has 1o select : {Charts 2,12 or 2,13} messages 20, 21
or 22 are printed anly an the

set DF at 250 mbar. ‘ Inst failed check thraugh tha limits,

together with a record of the DP

being used on that trinl,
12-

2,11

Y

\ Calculate according to (4.2.10):
Conlcal entrance
with corner taps

?_§

{Quarter of circle}

Message 18

2.1

';{ Message 18 H Print —}——Di END ,

ol Messaas 20 |
No > Message 20 [

Message 21

Message 23

2.1

r | .
Print | -
2113 - 11-
: 13

END

Chart 2.11  Check for conical entrance orifice with corner tappings
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Chart 2.12

32

L=
.1

auto
selection of
prim.el

auto
selection of
OF range
?

Yes

250, 125, 50, 2b, 12.5 mbar

Choose next higher OP
in the range sequence

outside
range seq

No

&)

{Start again)

Check for conical entrance orifice with corner tappings (continued)

ety A




auto
selection of
prim.el

?

Yes

auto
selection of
DP range

No

Choose next higher DP
in the range sequence
-~ 280, 500, 1000 mbar

outside -
range seq
?

z

2.13- 131
N2t 2.14
{Start again} {Quarter of circle)

Chart 2.13 Check for conical entrance orifice with corner tappings (continued)
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2.15-1

2.1

@

Use selected DP range,
If program has to select
set DF at 250 mbar.

34

y

¢ Calculate acgording to (4.1 .10):'
Quarter of circle

!

Caleuiate (Rep)min
1000 A + 9.4 x 105(8 — 0.24)8

o] Message 24 |

1

» Message 25 I

Naote: |If there Is program salection of DP
{Chart 2.15) massages 25, 28, 27
or 28 are printad only on the
last tailed cheek through the limits,
tapethar with a record of tho BP
being used on that trial,

END

e |

»! Massage 26 I

'JM !

> essage 27 ]

Message 23

» Message 28 L

B

2.1

Chart 2.14 Check for quarter of circle orifice with flange, corner or radius tappings




2.14-1

auto
selection of
prim.el
?

Yes

auto
selection of
DP range

Choose naxt lower or higher DP in
in the range sequence 1000, 500,
250, 125, 50, 25, 12.5 mbar

outside No
range seq . ' _ )

Yes

215-1
END . : 2,14

{Start again}

Chart 2.15 Check for quarter of circle orifice with flange, corner or radius tappings
' (continued) ‘
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2.3 LIST OF NUMBERED ERROR MESSAGES

The messages indicated in the flow charts of section (2.2} are listed below.

A computer which runs a selection procedure as shown in (2.2) should typma]ly produce these messages
(See Appendix C).

Note : xxxxx represents case dependent generated output.

Message 1

Orifice plate, Venturi and nozzle not acceptable for small line size. Minimum line size for orifice flow
meter is DN 15, nominal. Possible suitable types of flow meter are: integral orifice, variable area, turbine,
electromagnetic, micromotion, linear plug. Check details of requirement with manufacturers litera-
ture.

Message 2
Range requirement can be met using a flow meter with two differential pressure transmitters (dp cells).

Program being continued on the assumption that a flow meter with two dp cells will be used if all other

conditions allow.

Message 3
Range requirement cannot be met using a flow meter with less than three dp cells.

Message 4

Large range requirement precludes the use of differential pressure type flow meters.

Consider the use of: electromagnetic, vortex, positive displacement, turbine, variable area, gilflo, hot
wire/thermistor or film anemometer, ultrasonic flow meters.

Check details of requirement with manufacturers literature.

Message 5

Larpe range requirement precludes most common forms of flow metering.

Consider the use of: electromagnetic, vortex, gilflo, hot wire/ thermistor or film anemometer, ultrasonic
flow meters. :
Check details of requirement with manufacturers literature.

Message 6

Reynolds Number of xxxxx is greater than the ISO 5167 limit of 100 000 000 for any type of differential
pressure flow metering.

No other type of flow meter known is suitable for such a condition. Check accuracy of input data.
Consider decreasing the Reynolds Number by increasing the line size.

Message 7

Flange tapped, square edge orifice flow meter rejected because the minimum Reynolds Number of xac0cx
islower than the ISO 5167 limit of 1260* (beta)**2 * D, (beta = xxxxx, DP = x00x mbar) for the flange
tapped orifice flow meter.

- Consider reducing beta by accepting a higher DP range up to 1 bar but check the acceptability of the
overall pressure loss. Consider using a smaller line size.

Message 8

Flange tapped, square edge orifice flow meter rejected because the line size is greater than the ISO 5167
limit of 760 mm.

Consider using a smaller line size. If the program is re-run with the same line size specifying flange
tappings, the flange tapped orifice calculation will be executed, but the actual uncertamty of flow
measurement will be greater than calculated.

36




Message 9

Flange or radius tapped orifice flow meter rejected because the line size is less than the ISO 5167 limit,
DN 50. Consider orifice flange with corner tappings.

Message 10

Flange tapped, square edge orifice flow meter rejected because the calculated beta ratio of xoox (DP =
xxxxx mbar) is above the ISO 5167 limit of 0.75.

Consider using a lngher DP range so that beta ratm = 0.75, but check the acceptablhty of the overall
pressure loss.

Note: The recommended limit for 8 is 0.7 in view of standa.rdlzed plpmg arra.ngements

Message 11

Flange tapped, square edge orifice flow meter rejected because the calculated beta ratio of 3ooocx (DP =
xxxxx mbar) is below the ISO 5167 limit of 0.2.

Consider usmg a lower DP range, down to minimum 12. 5 mbar, to achleve a larger beta ratio.

Message 12
Corner tapped orifice flow meter rejected because the line s1ze is greater than the ISO 5167 limit of 1000 _
mm. '
Consider using a smaller line size. If program is re-run specifying corner tappings, the corner tapped
orifice calculation will be executed but the actual uncertainty of flow measurement will be greater than
calculated.

Message 13 '

Corner tapped, square edge plate orifice flow meter rejected because the calculated beta ratio of xxox
(DP = xxooxx mbar) is above the ISO 5167 limit of 0.8.

Consider reducing beta by using a higher DP range but check the acceptability of the overall pressure
loss.

If the total head loss is too high consider classical Venturi (or the Venturi nozzle, Dall tube).

Message 14

All types of differential pressure flow metering rejected because of the calculated unacceptable com-
bination of low Reynolds Number of xxooxx and high beta ratio soooo (DP = xaooaoc mbar). '
The only possibility for differential pressure type flow metering is the use of a]ngher DP range so that the
beta ratio becomes << 0.77.

Check the acceptability of the overall pressure loss.

Message 15 '

All forms of square edge orifice flow metering are rejected because the calculated Reynolds Number of
xxxxx is too low and (calculated) beta ratio of xxxxx (DP = xxxxx mbar) too high. The only possibility of
using square edge orifices is the use of a higher DP range 5o that the beta ratlo becomes << 0.45.
Check the acceptablhty of the overall pressure loss C ‘

Message 16

All types of square edge orifice flow meters rejected because of the unacceptable combmatlon of the
calculated low Reynolds Number xo00x and high beta ratio sooox (DP = o000 mbar). A square edge
orifice could be used if a lower DP Ia.nge is acceptable {down to min. of 12.5 mbar) S0 that the betaratio
becomes = 0.23.

Alternatively, the DP range could be kept the same (or increased) by decreasmg the line size.

Message 17 ' '

Special corner tapped meter run should be applied for this pipe size. For all pressure ratings up to 2500

Ibs the recommended design, see (10.1.9), has within 0.2 mm, a 32 mm bore for the nominally DN 40 flow

mieter, a 21 mm bore for the nominally DN 25 flow meter, a 17 mm bore for the nominally DN 20 flow

meter and a 12 mm bore for the nominally DN 15 flow meter. For these designs a maximum roughness of .
0.004, 0.003, 0.002 or 0.001 mm respectively has to be specified. The actual d1a.meters shall be measured

after manufacturing, _
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Message 18

The conical entrance orifice flow meter is rejected because the calculated maximum Reynolds Number of
xxxxx is above the BS 1042 (1964) limit of 200 000. Check messages to discover why the use of a square
edge orifice was rejected and endeavour to adjust requirements to make use of the square edge orifice
plate.

Message 19 :

The conical entrance orifice flow meter is IEJECtEd because the calculated Reynolds Number of xooook is
below the BS 1042 (1964) lower limit of 250.

If the application is only for control (not mass balance) and other flow meter types are uudesuable theu
re-run the program specifying a conical entrance orifice flow meter, but the actual uncertainty of the flow
measurement will be greater than calculated.

Other flow meters which could be used are: positive displacement, variable area flow meters.

Message 20 '

The conical entrance orifice flow meter is rejected becaunse the computed beta ratio of xxox (DP =
x00c¢ mbar) is above the BS 1042 (1964) limit of 0.316. Consider using a larger DP range but check the
consequent acceptability of flow meter’s total head loss. If the application is only for control (not mass
balance) and other flow meter types are undesirable, then re-run the program specifying a conical
entrance orifice flow meter, but the actual uncertamty of the flow measurement will be greater than
calculated. C :

Message 21

The conical entrance orifice flow meter is rejected because the calculated beta ratio of xoxx (DP =
xxocx mbar) is below the BS 1042 (1964) limit of 0.1. Consider using a lower DP range down to a
minimum of 12.5 mbar, in order to achieve a Iarger beta ratio. '

Message 22

The conical entrance orifice flow meter is rejected because the calculated onﬁce diameter of xxxxx is
below the BS 1042 (1964) limit of 6 mm. Consider alarger beta ratio by using alower DP range, downtoa
~ minimum of 12.5 mbar,

Message 23 :
The line size of the meter run is below the BS 1042 (1964) limit of 25 mm.

Message 24 .
The quarter of circle orifice flow meter rejected because the calculated maximum Reynolds Number of
XxXxxx is above the BS 1042 (1964) limit of 100 000.

Message 25 : :
The quarter of circle orifice flow meter rqected because the calculated minimum Reynolds Number of
xxxxx is below the BS 1042 (1964) limit of xoooxx for the calculated beta ratio of (DP = xxxxx mbar).
Consider using a higher DP up to 1 bar to get a smaller beta ratio and so lower the minimum Reynolds
Number limit but check acceptability of the overall pressure loss. The lowest Reynolds Nu.mber limit
allowed by BS 1042 (1964) for small beta ratios is 1000 .

Message 26 : :

All types of differential pressure flow metering are re_;ected because of the unacceptable combination of
low Reynolds Number of xxxoox and the calculated high beta ratio of xxxxx (DP = xxxxx mbar).
The only possibility for differential pressure type flow metering is to use a higher DP range so that the
beta ratio becomes less than or equal to 0.6.

Check for the acceptability of the overall pressure loss. For 8 = 0.6, or Just less, the only p0551bﬂ1ty isto
use a quarter of circle orifice plate. . _ ¥ :
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Message 27

The quarter of circle orifice flow meter is re_]ected because the calculated beta ratio of xooox (DP = xxxxx
mbar) is below the BS 1042 (1964) limit of 0.245.

Con51der using a lower DP range down toa minimum of 12. 5 mbar.

Message 28

The quarter of circle orifice flow meter is rejected because the calculated orifice dlameter of xooxx (DP =
XAKKK mbar) is less than the BS 1042 (1964) limit of 15 mm.

Consider using a lower DP range down to a minimum of 12.5 mbar.

Message 29

Note that the computer automatic selection routine considers a Venturi tube only to meet the ISO 5167
requirements within the line size 1000 mm to 1200 mm.

If a strict ISO 5167 metering or very low total pressure loss is not required, specify a much cheaper orifice
flow meter, re-run the program and accept a slightly greater uncertainty in the flow measurement.

M essage 30

The calculated maximum Reynolds Number of xxoxx is above the ISO 5167 limit of 2 000 000 but within
the BS 1042 (1964) limit.

Consider decreasing the Reynolds Number by increasing the line size.

Venturi tube calculation contl.nued but the uncertainty of flow measurement w1]l be shghtly greater thaJ:l
calculated. '

Message 31 '
The Venturi tube is rejected because the ca]cu]ated minimum Reynolds Number of xxoox is below the
ISO 5167 limit of 200 000. Consider increasing the Reynolds Number by decreasing the line size.

Message 32

The line size is greater than the ISO 5167 limit of 1200 mm, but is within the BS 1042 (1964) limit.
The uncertainty of flow measurement will be slightly greater than calculated.

The calculation based on a Venturi tube is continued.

Message 33 :
_ The Venturi tube is rejected because the calculated beta ratio is above the ISO 5167 limit of 0.7.
Consider using a higher DP range up to a maximum of 1 bar.

Message 34
The Venturi tube is rejected because the calculated beta ratio is below the ISO 5167 limit of 0.4,
Consider using a lower DP range up to a minimum of 12.5 mbar.

- Message 35
The orifice diameter is outside the ISO 5167 limits.
Check the acceptability for this particular application.

Message 36

The comer tapped square edge orifice is rejected becanse the calculated minimum Reynolds Number of
xxxx (beta = xxxxx, DP = xxxxx mbar) is lower than the ISO 5167 lower limit of 5000 for corner tapped
orifice flow meters. Consider reducing beta by accepting a higher DP range up to a maximum of 1 bar but
check the acceptability of overall pressure loss. -

Consider using a smaller line size.

Message 37

Too many variables are entered, i.e.; flow rate, differential pressure range and orifice diameter. Two
variables should be specified only.

Calculation is completed with the assumption that the flow rate has to be calculated.
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Message 38
The pipe roughness is above the ISO 5167 limit.
A correction has been made to allow of the greater ronghness.

Message 39
The program forces a scale reading of 10.0 on chart for the calculation. The non-preferred DP range is
chosen because the flow rate and the orifice diameter (or beta ratio) are defined. These two quantities

should have been defined together only if a second transmitter is wanted, e.g. for recording? or trips?). If '

this is not the case, define only the flow or the beta ratio, not both, and let program choose the preferred
DP range.
1} For the recording, choose the next higher preferred DP range The new flow factor will then be
(above flow factor)*(above DP range/preferred DP range)+*+0.5.
Note: Errors will be slightly larger than printed above.
2 For a trip, choose the next but one higher preferred DP range. Tnp pomt w111 then be at ’p" on 0—10
scale where:
p = 10* (above DP range/preferred DP Iange)**O 5. _
In general "p” will always be acceptable for the preferred ranges listed below:
12.5, 25, 50, 125, 250, 500, 1000, 2000 mbar.

Message 40
Check the pipe specification.

The pipe bore is not consistent with the ANSI, DIN or ISO standards. So the program s unable to choose
automatically the bleed hole size to match the pipe size. If your pipe is correct, refer to the relevant orifice .

plate drawings and select the nearest bleed hole size.
Re-run the program with the selected bleed hole.
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2.4 CHOICE OF FLOW MEASURING DEVICE

-Many factors affect the selection of suitable flow measuring devices. The following tables and graphs are
intended for guidance and comparison in this field, although it should be realized that the recommended
flow meter for general application remains the square edge orifice with flange tappings.

Table 2.4.1 gives a comparison of flow meters and the approximate values of factors and limitations.
The differential pressure flow instruments and other flow measuring devices are listed in one
table in order to obtain a survey for comparison of the advantages and disadvantages of
differential pressure flow instruments.

Recommendations for the application of the various flow meters are given in the column
"Pield of application”.

Fig. 2.4.2 gives a comparison of flow meters and the lower and upper Rep limits.
Fig. 243 gives the mass flow rate limitations for the different flow measuring devices.

Fig. 2.4.4 gives the pressure loss as a function of the differential pressure versus beta ratio for
differential flow meters.
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Fluid property Bmitations Application considerations I
. Lower Rep N Overal] approximate errof
Maximum Maximum or Meter Type Poacible {% full scale valuc) : )
TESSUE tetnperature viscosity {mmi/s) rangeability of seale canstriction § Field of application Line size Fil
(gn.r abs:) [l ] Huit materials Un- i range
calibrated Calibrated (i)
' . . “All metals and . :
400 500 > 000 (500 00D) <311 Square roal | same plastics £ L5, * 075 General purpose >2 N
400 500 = 5000 {10 003) 3:1 - " E N = 0.75 " >2 v
400 500 > 14 000 (200 D00} 3:1 n " = L7 = 0.75 " >12 -
400 500, = 6000 (300 000) 3:1 . w“ * |4 = 0,75 " >2 .
400 5007, = S000 (250 000) 31 . - * |4 = 075 . _ >2
400 500 > 250 (3300) 3:1 " “ = 22 =075 Low Repy, viseous fuids > 1 .
400 500 > 15 ({79) 3:1 " “ =232 + 0,75 Very low Repy, viscous Fluids > .
400 500 > 10000 3zt N " =21 =075 Dirty fvids and two-phase flow | 4-14 .
" q00 500° > 10000 3:1 ; " =232 =075 " 414 .
400 5p0 Depeads on 3:1 " " F ] + 0.5 Accurate measurement of 05-1.5 \
] orifice - . small quandties -
400 300 = 200 000 I:l - " + 1,7 * 075 Accurale measurement of 432 \
-t . clean and dirty Muids at low
ressure Joss. Non-viscous
) uids
400 500 = 200 000 3:1 - " =+ 50 + 1.0 Rough measurement at low Any .
pressure loss and bigh differ-
. entinl pressure, Non-viscous
~ fluids
AN 300 > 20000 3:1 " . * 122 + 075 High velocity mcasureient 2-30 B
’ of non-viseous [
400 300 > B0 OO0 (190 DOO) 311 " W = 4.0 + 0,75 Hiph velocity measurement . 320 R
: P a4 Jow pressure Joss of non- :
. i visenus fluids
" ap0 500 ° > 6000 111 - " * LB & 075 . High velocity measurement 28 .
: . - of non-viscous fTuids
400 500 > 50000° ;1 n * 4.0 =075 " Rough measurernent at low >1 .
. ) pressure Joss of most Huids
400 500 < 2000 or =>_ 10000 | 3:1 w " + (44 t 075 Large quantities at low >4 N
_pressure Joss of clean fluids '
400 250 = 10000 4:1 Near linear | Metals, plass, =20 = 1.0 Loeal [ndicators for small 0.25-12 A
ceramits, quantities of clean {luids .
. plastics
BO- 7.50 < 1000 {R00D)Y mm’ls 0:1 Linear Brome, stec], + 0.3%) =013 gngh;séﬁuj:;uracy at wide 0524 .
80 ambient - 10:1 " stinfess sieel |, 5 g = 1.01 Wide rangesbility 210 .
2000 150 = 2-15 mrﬂ‘ls 10:1 “ Most melals + L3N + 0.2%) High accuracy at wide 0.125-18 .
. I rangeability of clean Nuids
20-200 180 " No Bmits 10:14 " Lined stainless | = 1.0 =05 High accuracy and low pres- 0.1-78 N
. steel sure loss for conductive Fuids
100 400 << 2600 E Square rpot | Steel or = 5.0 + 1.0 Viscous Muids 0.754 '
’ stainless steel
100 00 > 10000 10:1 Linéar Stuinlessseel | = 15 =05 Wide rangeability -1 N
< 10 mm¥/s : .
400 60 1 No limits. 10:1 " All metals + 28 =05 Wide rangeability 0.1-118 .
‘190 200 No limits 1021 N Stainless steel - =04 Muss Naw 03756 ,
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iyl T
; 0= :.}5 Jurarie :é ejreie
. D=25 Copigal entrgnce
Pi= 100 Eccentric|and segmental D = 350
t ‘
D = & lintegral orifices D = 2(3;
0 = 50 Ventpriftdbg
: D=50 | 154 {932 ok
' 11BE= 560 Longiradius nozzle D =~ 2CC=I
' DE= 25 Fipe berd
| Dl = 100 Cdner obihted pitot tul Jé
ll: =|15 PD mets ' - D = 500
D3 TiirHine meter Ij=453 ] _(h_seric‘n vpel| ||
. D=3 Msgneti:‘nele.r . 0= 3040
.ﬁiﬂ = 18 Targét meter | O = {100 . Winsertiomtype) | || | 1)1
b — L || 1 [1}Insertion ditierent a'_*.*.a'_'iss_a"ema-_h;l‘. S Al
; Vortax
. Jlttadonid leading edng pE
—
; Corialis| » a ‘
002 | 10-2 10-1 S o w- . 102 kg/s 10°
o T T g T e s e b
e T A TR
Notes:

The indicated minimum capacity is calculated for the minimum recommended 8 and D, a Ap of
12.5 mbar at an indication at 50% and water as fluid.

The maximum capacity is calculated for the maximum recommended B and D, a Ap of 1000 mbar at an
indication at 100% and water as fluid.

The relative density of water is taken as 1.

243 Mass flow rate limits
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70.90 : \ § .
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0.80

\\\ \/ Qyarter of circle
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0.70 .
ISA 1832 nozzle \ N
antl [ong fadius rjozle ’ \
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Qutlel
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. 15° \ .
0.20 e
: Venturi tubeg 137 1 [~ . \
Ventri nozzlis 11° [ : \
A . \\ -
’ 7_“ ""--_.._ \
0.10 : 7 = ‘
\\
\
D -
4] 0.10 0.20 ,0.30 0.40 0.60 0.60 0.70 0.90
B
Notes:

The curves marked "Ventun tubes” and "Venturi nozzles™ are apphcable only to non-truncated types.
The nett pressure loss for truncated types may be 25% higher.

A nozzle gives the same pressure loss as an orifice at the same rate of flow in the same size of pipe at the
same differential pressure. '

244 Values of nett pressure losses
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3.1
3.1.1
312
3.1.3
3.14 -

3.1.5

3.1.6
3.1.7
3.1.8
3.1.9
3.1.10
3.1.11

32

3.2.1
3.2.2
323
324
- 325
3.2:6

- 327

3.2.8
329

3.2.10
3.2.11

33
3.3.1
332

3.33°

334
335

336

337
3.3.8
3.3.9

Section 3. - Square edge orifices

Square edge orifice with flange tappmgs

Construction

Application
Limitations

. Discharge coefficient

Expausion factor

Calculation:

References _ o ‘
Square edge orifice plate for ANSI orifice flanges

.ANSI RF orifice flanges with flange tappings

Calculation of orifice diameter
Calcnlation of flow rate

Square edge orifice with corner tappmgs
Construction

Application

Limitations

Discharge coefficient

Expansion factor

Roughness correction factor
Calculation '

References

ANSI RF orifice flanges with corner tappings
Calculation. of orifice diameter
Calcu]atiqn ofl flow rate

Square edge orifice with radius tappings
Construction '
Application

Limitations

Discharge coefficient

Expansion factor

Calculation

References & '
Calculation of orifice diameter
Calculation of flow rate
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3.1 SQUARE EDGE ORIFICE WITH FLANGE TAPPINGS

3.1.1 Construction ' ' ' S S
The upstream edge of the orifice shall be sharp, see (3.1.8). The high-pressure tapping is 25%1 mm
upstream of the inlet face, and the low-pressure tapping is at the same distance downstream of the .
outlet face of the orifice plate, see (3.1.9). The orifice ﬂange rating ANSI 300 1b is the -
recommended standard unless process conditions require a higher rating. The ANSI 150 1b rating,
however, is sometlmes used, e.g. in the chemical industry for exotic materials. :

312 Apphcahon

It is the recommended type for general application in clean fluids, ie. for gas, steam and hqmd
Fabrication is easy and economical. : :

3.1.3 Limitations

Pipe bore: 50 =D = 760 mm
Orifice diameter: 125 =d = 570 mm
Beta ratio: 02 =8 =075

Reynolds Number: 1260 82D = Rep = 108

differential pressure (dp)

=
upstreamn pressure (p) 0.23

For compressible fluids:

The upper limits of the relative roughness factor k/D (for a distance of at least 10D upstream of the
orifice plate) and the orifice plate’s B ratxo, must be such as to conform to the values in the following
table:

B =03 0.32 034 0.36 0.38 0.40 0.45 0.50 0.60. | 070 0.75

k/D-104 25 18.1 129 10 10 10 10 10 10 10 10

If /D << 10 - 104 no limitation for B

3.1.4 Discharge coefficient o
106 ° 0.75 855981
C = 0.5959 + 0.0312 B! — 0.184 8 + (0.0029 25 [2 ZSG]B" (1 B‘) -1 [0 Bi‘ij ]B3

(Rep)

Ii D < 58.615 mm use (0.0390) as coefficient of B¢ (1—B%-1

. 5 ‘
Uncertamty: 8¢ + 0.6% for B = 0.6

il
_sz + B% for B > 0.6

3.1.5 Expansion factor
e = 1—[041 + 035 89-[(DP)/p] [X/10]2- ¢!

. 8 . . -
Uncertainty: ?‘ = +4 %P % for 02= B = 0.75

(note: dp and p in same units)
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3.1.6 Calculation

Limitations, see (3.1.3)

Sizing, see (3.1.10)

Flow rate, see (3.1.11)

Pressure loss, see (2.4.4)

Steam correction factor F,, see (14. 4)
: Uncertamty, see (13)

: 3.1.'7 _.Referencéjs_ _

ISO 5167
ANSI B 46.1
ANSI B 16.36
ISO 261
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P
A=3 i" =1
N
UPSTREAM] ..
-t -
[
Hele 2 mm dia, — -E]
anly \o ba pravided 1 -
bleed hole is present 100 .
Ses nota 7. FRC o
N 004 =
Typical example ANSIG00RF__| g
ol marking DN 250 ® H
See note B d= 123,04 c a2
Mat. 316 wn
L [souare
See note 10 .Jlﬂ"'!“"“-u
Do
-]

Sen note B

See nota 7

See detail A

See -
notes 4 and & LN,

Notes:

1) Dimensions

3) Material
3) Plate thickness

4} Concentricity

Expressed in rrulhmetres un]r.s.r. otherwise
indicated.
Stated tolerances. shall be strictly adhered

As specified, (Typically S8 316).

The difference between nay two mensure-
ments of plate thickness shall not differ by
more than 0.001 DN in mm.

The plate shall oot depart from flntm:ss
gung any diameter by more than 000

o- o
Thecentre of the orifice shall not differ from
the centre of the plate by more than 0.1 mm
for DN = 200 mm and 0.2 mm for DN >
200 mm.

5} Finish of throat The throat and oul!et cope shall have a sur-

6) Finish of plate -

7) Bleed hole

face roughness Ra < 0.4 pm in accordance
with ANSI B46.1.
All edges shall be sharp and free from burrs
so that when viewed with the naked eye no
light is reflected by the comers,
The upstream and downstream faces of the
orifice plate v a dinmeter equal to Dy shall
have a surface roughness Ra =5 0.8 pm in
accordance with ANSI B46.1.
The remaining annular part (between 0 and
Dg) of upstream and downstream faces
shall have g su:face roughness Ra between
3.2 and 6.3 pm in accordance with ANSI
B46.1. This finish may be cbtained by ma-
chining with a round nosed cutting 1ool hav-
ing a 0.8 mm radius ot a feed rate betwesn
0.35 and 0.45 mm per revolution.
Facing roughness ghall be checked by visual
or tactile comparison with roughness com-
parison specimens:

"RI..!BERT 319" ar "FLEXITALLIC
319"

Ouly 1o be provided if 50 specified.

Seenole 3 | N 8) Marking The vpstream side of the orifice tab shall be
stamped at the indicated locations with:
SECTION A-A — the word UPSTRE.AM X
N ~ the Tag Number (in threz lines)
. ~ the ANSI flange class, followed by RF
To~g-. — the nominal line size DN (in mm}
\ ) — the measured orifice diameter d (in
mm
30°_a5° — the material ol’ the orifice plate
N — the word SQUARE,
‘ Letter height approx. 4 mm,
. 9) Tap length Forinsulated g:pmg eg. LNG facilities, the
I leapth S shall madelargenocuvcrfnr the
s lation thickn:
Low o . isolation
FLOW 10} Welding of tap Tap may be mtegrnl with orifice plate up to
L and incl. 7 mm plate thickness. .
In other cases full peneu‘auun JUll:ll to be
DETAIL A “pl’l"d
Nowm. Hae d n, L N a P T %
size *01%|= | mm|=01 mm) 2% g~i4mm = | mmy g mm =1 mm
DN
ANSI Nange clann ANS| flange class
min | In | dia | di - 300 500 [ 1500 [ 2500 300 | 600 | 900 | 1500 | 2500 {Se2 note 7)
50|} % | am szz | 622 | £22| 622 120 | 120 | 130 | 130
| 2 034
YR 0 o] 15| mez| ma| sz |2 o | B[ | s s 15
4 [ i 60 | ne 122 | 022 1022 a2 v | 120 | ies | res
EREE ] 10 | zo [ e[ 106 | 1638 | baan | saes s | ns 125 130 | zo0 [ 2o [ 1o
| 3 44 25 | 1am1 | tana | 1697 | 1350 | 1916 w | | [Tas [ | 28 | mm| 18
we | 4 109 15 [ 2o | eno [ 1546 | 2069 {2005 | 2357 HEE ORI E
W | s | & [ e an |58 | zrt | 2mee |2ma | ama | Y [Tan [ a0 | s | s 70s | z2a
200 ?_x 08 3083 | 3206 | 3997 [ 3520 | 3ke9 125 | 138 55 | ™| an {wae | 30
30 | o | 2 [ | a5 | " |Gena [4000 | ass |an0 |42 130 | 145 THS 1200 [ 40
0. | 12 s 0 | 4723 | 4568 | asn3 |sma [sasz | 4s | oas | qan | T 0% [aws | e frean | so
30 | 14 56 4BS.0 | 4vis | 5209 [T 1an | 145 175 L
a0 | 18 ws | %0 | ™ 198 | 5647 | 991 | eatd 150 1 135 | 150 59 Mras | es
am | 18 436 ‘ 3960 [ 6122 | £17.4 { 7038 s |1 it | 1us s | 78
00 | 2 s | | " Tann | ema [ een [0 | " e |z R wn| no
TN E sl | ko | 60 | 7740 | 7mn | A3t |0 B0 | 10 | 16 [ 190 | 230 120 | 200 | (B0
=) For melct ting, sez {10.1.9) ’
3.1.8 Square edge orifice plate for ANSI orifice flanges
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- ] AV © geaclyinime o

— =g __1io 0+3 ) Seanoted 220 _ 21,3 da.

Seonom 8 |

10 din.
Full penatration weld m
to be executed by ’ in
qualified welder,

DETAIL
HOLE FOR JACK STREW

-

PP Y

W

outis.

A
777

Y sttt

8

80

Aourded

Tappad hola
lor fach scrow

Seonone & '.,“/‘ - . -- ‘ -_//é_ | : “ lu}i;l

[Pl . 17 dia,
SECTION A4 30 dia,

40

Iz
vl

4"_&.‘

WELDING NIPPLE

CLASS 300 WN-RAISED FACE CLASS 600 WN-RAISED FACE CLASS 900 WN-RAISED FACE

Nom. lise Jack screw data Flange Wom. e Fack screw data Flange - Nom. lise Jack screw data Flange
sie” Bore — tepping sire Bare . tapping - e Bore ~ inpping
o ) Dia. | Lemgth Poslion| Al pored ] Dll.. Leagth [Pasition | o0 P800 e oN Dia | Length fFrsition| o - PP Al

. ) B .
“mm in, B 1' F K o mm in b L F K = mm in b L. F K a

30 2 Mi& 10 16 4 50 2 MI6 o 16 [ 50 2 Ml W [ 16 4

70 3 w0 6 | 45 [ 3 & 45 80 El "100 & | a5

100 1 B 100 4 |- 100 3 100 4 Mz | 110 m ]
150 & 0 : -

sem o 150 & | o . 120 - 150 6 | oo 120 e
200 H Mw [ W 10 200 ] M [ 130 | 206 B 140
250 0| note 120 4 - 250 W | yore 140 o 4st 250 It | yote 150 - 15"
300 12 300 12 150 300 12 170
150 14 5 130 12 | g 3506 12 P g 160 2| e [ 13% 14 5 M4 [ 1B | M 12
400 3 140 400 16 1A 400 16 190
a0 |18 : 0] : 3| | 1B 1% - |70 | 3
W0 | 2 MU T | W | swm | 20 M o M o N T = '
500 24 0 0 | 14 240 500 24 M | 2o | o

CI.ASS 500 WN-RAISED FACE *“CLASS 7500 WN-AISED FACE

Nom. line Jnck screw data Flange Nom. line Jack screw dala Flange
sz Bore ~ sapping size Bore = tapping
BN Dia. | Length | Position Bore 1| Augle DN ) Dis. | Leogth | Pesition Borr | Amgle

B B . Qi
T D L F " o w1 i D L F " . ITEM | | iage | DESCRIFTION AEMARKS
30 2 MIb % 16 4 50 1 Mi6 | 100 6 % Welding neck-RF, generally
) . fn. sccordance with ANSI
B0 3 N i 5 | 45 [ T | g MR | W0 [ ® 1 - : . Ocifice flasge BBt
100 a4 120 B 120 4 . 150 .. a For furtker Information se2
= & [ E 5 M [zo0 | naies.
bl B SEE [1:0] 30" 200 B NoTE 220 Ont to each flange tapping.
M14 7] . . - 2 2 lora™) Huit weldiop nipple | Sec detail .
EI G : 200 ) . ’ 250 [ 280 300 ' *) Se potes b end 7
NOTE 3 M0 0 .
w0 | nr 0 300 12 300 3, [ Tack screw Matesial stainlca stecl
350 4 s 240 12 '
200 6" E)
M30 .30 A
450 1 300
500 20 120
n | 2 M3 | 360 36
Notes: .
1) Dimensions In millimetres unless otherwise indicated. . ) . .
2) Design Generally in accordance with ANSI B16,36 — "Steel Orifice Flanges" —, except flange face finish, llunge tappings and
: jack bolt data. . .. ’ ] :
3} Material As specified. ‘ .
4} Flange face finish Flange face finish shall be smooth, to be interpreted as o surface finish between Ra 3.2-6.3 pm in accordance with ANSI
B44.1, L
This finish is exclusively to be obtained by machining with a round nosed cutting tool having a 0.8 mm radius at a feed
rate between 0.35 and 0.45 mm per revelution.
Checking, of facing roughness shall be judged by visual or tactile comparison with a roughness comparison specimen
"RUBERT 319" or "FLEXITALLIC 319", T
5) Flaupge bore Bore dinmeter of flange as specified. :
6) Tappings Each flange shall have one tapping unless otherwise stated.

: If two tappings per flange are required the position shall be diametrically .opposile.
7) Butt welding nipple  Each tapping shall be provided with a welding nipple as shown. .
8) Thread of jack screw Metric conrse thread series as per 1SQ 261, Class of [it (hole/boll) 6H/6g.
9) It must be possible to rod through the nipple bore with a rod of 0.5 mm less than the bore of the nipple or flange 1apping whichever i5 the
© smaller. - .
10) Additional requirements such as marking, eoating, protection against damage during transport and storage.

3.1.9 ANSI RF orifice flanges with flange tappings
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B SEFT
START

Calculate the pipe bare D a1 line 1emperawure T from the measured or
tabulated bore Oy, at temperature T, using the tormula:

B = DOfy[1 + oppe [T~ Tob]

!

Calculate the pipe Aeynolds Number {Reg)us at the design flow mite,
using the formula:

1.2732- 108
{Replan = [ambsic

l"’f

Calculate a rough estimate of . vsing the formula:

ael ol o
L{4.6 - 10710 D4 (DP) X3p} + (Ol ?ues

Y

Using the most recent estimate of 8, calculate ¢, using the fosemuta;
¢= 1~ [0.47 + 0,35 A4 [{DR)/p)~{X/10)7 x-1
Note: If the fluid is & liquid £ = 1

‘

Lising (Reply., the bore D and the eurrent beat estimate af 8, calculate
the value of C, using the formula: P :

_ {Ren)u,
T

Note: It D < 5B.515 mm use 0.0380 as copfliciant af % - {1— 4=

) -] o714
€ = 0.5058 + 0.03128% — 0,1BAf" + 0,0028 423 [ 10 J +

:

Using the newly evalualed ¢ and C, calculate a naw 8, using the

farmula:
g= {_23 4705 (aden VT = ﬂ‘l o5
D% C X F, /m (DF) o

For liquid and ges F, = 1
For steam F: se= {14.4)

Does
the las:

™ astimate of o,

agree with the pravious

estimate of g, to

Jwithin 0,075,
?

This A is the required value bul at line temperature

:

Calculate the required orifice dismeter d at line temperaiure from the
formula: . ’ d=0g

!

Calculata the orifice diametgr dy, al reference temparature To from its
dismeter d-ot temperature T, drain bole diameter y, it any, and
coefficient of expansion agu.i wsing the formula:

dp = d[1 — 055 (y/d71[1 + apue 7 — Tl

3.1.10 Calculation of orifice diameter




Q SEFT
START

!

Carrect measured orifice diemeter t, for draén hole diamatar y and .
thermal eapansion or cantraction of orifice plowe using the tormula:

d= ‘d,,, [t + 0.55 y/dod?)[1 + pne (T — Tall

T

Correct measured pipe bare Dy, for theemal expansion or cnﬂlmc:inﬂ using
the {ormula:

D =~ Dy [1 + apipe (T — Tal]

!

Calculate & ratio at Jine temp'erature.-,ﬂ = d/p

:

Calewlate the expansion factor ¢, using the formula:

e 1~ [0.41 + 0.35 4]- [[DF}/p]- [XIHJP-:“

Notes If the fluid Is a liquid ¢ = 1

:

Caleula: s fair estimate of mass flow rate Ame using lhn known diﬂurential
pressure DP in.the foemula:

m = 2.107_'10“5'ﬁtxd’ VDPp -

|

¥

Caleutate 1the Reynalds Number Rap, using the st recant dalmminalian
of mass flow rate q, in the formuia;

- 1.2732-105 {gm -
, . ) Rep =t

!

Calculats the discharga cosfficlant , using the known # and the most
racant determination of Reynolds Number Rep:

105 D.75
{Ren)

~ fo.B5508

'[ D ]pa

C~05959+00312ﬁm ~D134ﬂ“+00029ﬂ1 [
+ [@]pl." - pl)-l

Note: If D < 58.615 mm use 0.0390 as cosfiiclent of §4 = {1—p8% -1

g

Calculste the mass flow rata gy, Lsing the most recent determination of
discherge coafficient C, using the formula:

- = 3.512407 - 10-5 Cﬁ(x d? F, +/OP p

For liquid and gas Fy = 1
For steam: F, see [14.4)

Does
the last
estimare tf g

agreo with the pravious

estimaie of gy to

within D.01%,
?

The last calculaied value of mass llow rate g, is the required valua al
scale "X™

3.1.11 Calculation of flow rate
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3.2 SQUARE EDGE ORIFICE WITH CORNER TAPPINGS

321 Conéh’uction

The pressure tapping holes open into a recess in the flange face adjacent to the orifice plate, see
(3.2.9).

The general form of the orifice is in accordance with (3.1.8) (except for the dimensions"0" in the relevant
table, which can be different for other than AN SI B16.36 orifice ﬂanges so.that the plate f1ts in exactly
between the bolts).- y S

3.22 Application ‘
In view of standardization not recommended but required, e.g. for sma]l-dlameter meter runs

(D<50 mm) to satisfy plpe roughness limitations.

3.2.3 Limitations

Pipe bore: 50 =D = 1000 mm
Orifice diameter: 125 = d = 800 mm
Beta ratio: 0.23 = 8 = 0.80

Reynolds Number: 5000 = Rep = 108 for 0.23 = 8 = 045
10000 = Rep = 108 for 045 < B = 0.77
20000 = Rep = 108 for 0.77 < B = 0.80 ..

differential pressure {dp)
upstream pressure (p)

For compressible fiuids: =025

The upper limits of the relative roughness factor k/D (for a distance of at least 10D upstream of the
orifice plate) and the orifice plate sB ratlo must be such as to conform to the va]ues in the following
table:

B =63 | 032 034 036 | 038 | odo | 045 0,50 0.60 070 | 080

k/D- 104 25 18.1 T 129 10 83 [ -7d 5.6 4.9 4.2 4.0 3.9

If k/D << 3.8 - 10~ no limitation for 8

- If thisrequirement cannot be fulfiiled, a roughnesé correction factor (3.2.6) may be applied, however the .

installation is then not in accordance with the ISO 5167.

324 Discharge coefficient

. ) 108 1975
C = 0.5959 + 0.0312 B21 — 0.184 B8 + 0.0029 g5 [
' _ ‘ {(Rep)
. éC
Uncertainty: = + 0.6% for B = 0.6
SEC= + BRfor0.6 < B =08

3.2.5 Expansion i"agtor
e = 1 —[041 + 035 B4-[(DP)/p]-[X/ 10125~ |
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Uncertainty:

mlg R

= + 4%13- % for 023 = = 0.75

= BdPTP%fo_rO.'I'S < B =08

(note: dp and p in same units)

3.2.6 Roughness correction factor
 Zpey, = (Zp — 1) (log (Rep)/6)? + 1

with the exception that, if Rep = 106, one puts ZRer, = Z, |

Values of Z, as a function of beta and relative roughnesﬁ’ /D are given in the following table where k/D
is a measure of the inside pipe wall roughness expressed in units of length.

Values of Z, as a function of beta and k/D

327 Calculation

Limitations, see (3.2.3)

Sizing, see (3.2.10)

Flow rate, see (3.2.11)

Pressure loss, see {2.4.4)

- Steamn correction factor F, see (14.4)
Uncertainty, see (13)

'3.2.8 References

ISO 5167
ANSI B 46.1
ANSI B 16.36
ISO 261

k/D - 104

B .

' 25.00 12.50 8.30 6.25 5.00 4.17 .57 313 291
0.31 1.0020 1.0600 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
0.35 1.0023 1.0606 | 1.0003 1.0000 "1.0000 1.0000 1.0000 1.0000 1.0000
0.40 1.6026 1.0013 10006 1.0000 1.0000 1.0000 .| 1.0000 1.0000 1.0000
045 1.0030 1.0020 1.0010 1.0000 1.0000 - 1.0000 | 1.0000 1.0000 1.0000
0.50 1.0045 1.0030 1.0015 1.6005 1.0000 10000 1.0000 1.0000 1.0000
0.55 1.0060 1.0040 | 1.0020 1.0010 1.0000 1.0000 1.0000 1.0000 1.0000
0.60 1.0079 10053 1.0033 1.0016 1,0006 1.0000 1.0000 1.0000 1.0000
0.65 © 10103 1.0068 1.0045 1.0025 1.0013 1.0003 - | 1.0000 1.0000 L0000
0.70 1.0134 1.0086 1.0058 | 1.0038 1.0019 1.0009 1.0060 1.0000 L0000

075 1.0180 1.0117 | 10080 . 1.0053 1.0427 “ L0017 1.0000 1.0000 1.0000
0.80 - 1.0240 1.0160 1.0110 1.0070 1.0040 1.0020 1.0020 1.0000 1.0000
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5) Flange bore

suitable for flooge bore lo
schedule numbers 105 vp lo
160 incl,

9 'rimna of juck screw

t exactly in line
L 150 sempyinfe | g
- 25.4 21.3 dia,
T 1D _://’ 4 D43 Full penatration wetd Fio da.
1 1o be executed by N
See note 9 gualified welder { ["1f=
: ™
SN
N § _
NINR©,
NI IS
Seas detalls § § .
L Tand 1l o Rounded NHWN
.o N TR
5 ™
. 50™4
" Tapped hole = [B —==— g § N
for jack strew N
7777 ASYN2 “"’\
L AL
. . 4 di
Ses note 7 a @ 17 tis.
A n L2 30 dis,
~/ B SECTION A-A ‘
: WELDING NiFPLE
.8 .
0
> +04 AG°
_._I,.77\, 3.3. . 7
. In’
v avird A
! /"5 gvd N r~g—=
WAV et |nes
_ 8l L J {ege]
ITEM W%‘:'m DESCRIFTION REMARKS /i Ty c <3 ;-ga"él
. = 4 o@al
Welding neck RF, generatiy] d 1 | @ g o g'ui
- | in accondance with ANSI =yt i rigty e g {1 = |
I | Orifics Nange Bl&36. e ] legd i wlen d I 1—
For further informatlan sez| [/ ﬁ!-‘? IEE £
notes. S {‘E“’EI .
: One o £ach Hange tipping| | A5 large as c| gE iSEs DETAIL Il
2 Var2?) | Bewwelding nipple | Ses detadl possible : S LE 1 Only applicebla to flangs sizes:
} Se notes 7 aod § 3 I 1' DN 200 — class 300,
E] 1 Juck worrw Matesial staloless ste=l DETAIL | ) DN 250 and DN 300 — class 600
CIASS 300 WN-RAISED FACE CLASS £D0 WN-RAISED FACE ] CLASS 900 WN-RAISED FACE
Noou fline | Bore | Jatk perrw data Flange E c Wom lize | Bore | Jack sorw data Flange E c Nom. line | Bore | Jack screw data Flange E [+
e 3 o = tapping dia: = n tapping din -1} - size = - tapping din
oN Dia. {LengihiPosition] s0s|20a{] BN N RS zos|=u1|] . o Bi. {Length Position =05 =0
. ' Rore  |Angle| - Bare  fAngle : Bare | Angh]
mar i | B | P Y| ¥l ke mmpim | B 2|2 E |k ykfa | . mo & | 8 [P] P F [k %l a
| 2 MIGE| 0| 18 | 3| 2 CHEE R L A KR A EIRE MIE[ 90| 16 | 4| 2 &4 18
"% 3. « AN ESENEN | EXE - 1, e[t ] ] s 100 A R T IR
0| 4 B e[ s |[wo | 4 100 ¥ net| 15 |[oo| a Mo 0 | 20 [ o[ 4 138 15
75 |24 |[s0 | € 120 FED :
0] 6 | gep %0 o |20 24 || 150 SEE o 77 1506 | o 120 o 32
00{ 8 M| 100 | 20 24.1] 35 |[0 | 2 Mo 10 | = 5 02|32 [z | ® 140 ] 2162 13
0] W o 120 EXT P R X | I e 120 ol ] N | S Iy - 150 is* |2573] 40
3001 13 5 rs| 52 |[3mw |2 150 ] EIE | E R 170 [] 321.5| 48
]| 130 12 ) I | R I ] 12 PO R XN | EET I P RO T R 3435] 53
| s 140 3 4114 400 | 16 183 " 396.6 30 | 16 190 36+ |92
Py T =0 0 605 5o |11 150 w 4558 S0 [ 18 . 1o [TTK]
M4 24 — — 83 | == MM feae] . F—a— &3 an — &3
S0 20 o 9 | 43= |5154 500 | 2 200 SOLL 500 | 20 4855
W[ 150 0 6193 0 | 24 0 & Tema 0] 5 0| 280 | 20 ™2
CLASS 1500 WN-RALSED FACE CLAKS 2500 WH-RATSED FACE 6) Flange Face finish The E‘-‘kﬂé ﬁ”ﬂmimh I:E
Wour fine | Bare | Jack scvew daia s E | C |[Wom toe | B | Jack sceew daie Famr | E]C [ &?‘:ob:?gg;i,mued“ .
e O [Logipmine] PPl fdle ol n g e _‘fiu‘j =01 “surface Finish between Ra
: . Bor  |Angl| | . Bore  [mnge| | 3.2-£.3 pm in accordance with
majin | B2 Y| F ikl o] B |PE Y| Flg |k|a %51546.] cxctusiveis 10
- — finish is exclusively 1o be
@[ 2 Mia| sa | 18 | 4| 2 6 | L0}] 50| 2 MI6[ 00 | 16| 4| 2 ST2] 18 obtnined by smachining with 3 -
w3 T B R D L D = Mal i3 [ 20 | 6| 3 ae 58 round nosed cutting tool hav-
| 4 120 ] 4 Tas| 15 (Y| 4 150 C ) 4] 13 in? a&l:wmm rzd;;:s m: {Je:;
. — - rate een O, A 5
|6 | e 160 3 1693 24 |} 150 | 6 fpqpi M4 200 | 24 [ L ED mm per rovalution.
| .1 - 18 ” . " [an3] a2 ffjo0] 3 . 120 2 L] JETLN EE Checking of facing mughness
T | 16 50 s 40 [0 | 1B ¥50| 250 ‘30 [Z332] 48 shell be judged by visual or
NOTE| 5 10 1w |, tactile comparison with a
300 12 0 310z| 48 [[300 | 12 300 J03,1] AE roughness comparison speei-
WH| ¢ 29 12 339.9] 53 iR men. “RUBERT 319" or
. "FLEXITALLIC 319",
o MH e 30 10 pas® .3.11_ .7} Tappings Each flange shall have one
40! 18 300 4417 Noles; : . tapping  unless  otherwise
0] 350 s 0 Dunumuus Tn millimetres unless other- stated,
i ! wise indicated, If two mppmgs per flange ar=
o) 34 Mis) 360 | 38 ML 2y Design Generally in accordance with required ihe position shall be
: .- ANSI Bi6.36 - “Steel Orifice diametrically opposite, Drll
Flanges” —, except Mange face of 1appings must be free from
. finish, flange tappings and burrs,
* jack bolt data. B Butt welding nipple Each tapping shefl be pro-
3) Material . " As specified. vided with a welding nipple as
4} Dimensions "C" and "E" Dimensions "C" and "E" are shown.

* Metric coarse thread pedies as
perIS0 261, Class ol fit (hale/
bolt) 6H/6g.

Bore diameter of (lange as 10) Addiumm] requirements such as marking, coating, pro-
tection ngainst dumnge during transporl and storage.

specified,

3.2.9 ANSI RF orifice flanges with corner tappings
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3 SECT

START

!

Caleulate the pipe bore D at line temperature T from the measured or
rabulatad bore D, at temperature T, using the {ormutas

D = Dm{1 + agge {T =~ Toll

!

Calculate the pipe Aeynolds Nurmbet [ABp)gse a1 he design llaw rne,
using the formula: ' . ’

. 1.2732 - 105 {ndun
{ReDlees = __.2._1..1.D—m"‘]_"

'

Calculate a rough estimate of A, using the farmuta:

[ . ¥l ]u.:s
B =|Z5-10-"0 D* (OP) X%} + Qblomt -

1

L J

Using the mnst recant estimate at B, calculate ¢, using the fermule:
¢ =1 -[0.41 + 0,35 §41-[{DP)/p]- (X7 10T - 5! '
Note: If the fluid Is 2 liquid « = 3 .

'

Using {Aeplyes, the bore D and the current best estimate of /i, calculate
tha valua of C, using the formule:

- T 0.35
C = 05856+ 0.0312 21 — £,184 f8 + 00020 5 | 10 ]

!

Llslng. the newly evaluated ¢ and C. calculaie a new 8, using the

farmula: :
- [2B 470.5 (gglen V1 = B°

05
g = 2R Ml ¥ £ .
B D% CXF, v {OF) ] - :
For quli:ld and gas Fy = 1 .
For staam Fy: sae {14.4)

astimote ol 8
agree with the pravious

No

estimale of f 1o
within 0.015%
?

Does
a corresting
{or pipe roughness

have 10 be
applied
?

: B = (Zreg 0
whare the roughness corraction facior z"'u is caleulated as shown In.
{3.2.6)

Y
ITh(s B is the required value but at line temperature J

}

Calcutate the required arifice diameter d 8t line tamperature from the
farmula: - d=Dj

!

Calculate the orilice diameter dm, at reference 1emperature T fram its’
diameter d at temperature T, drain hele diameter ¥, it any, and
confficient of Expansion aua.s LElng 1he {ormula:

d, = [1 = 0.55 y/diA[1 + g (T — Tall™!

3.2.10 Calculation of orifice diameter




A SECT
- STAAT

:

_ | Correct measured erifice diamater dr, for dmin hole diameter y and
'| thermal eapansion ar caniraction of arifice plate using the formula:

d = dy [1 + 0.55 (p/del?][1 + e T = Tall

!

Carrect measured pipe bare D, for lhermal expansion or contraction
using the farmula:

B = On {1 + app (T = Tl

!

Calculste § ratio at line temperature, 8 = d/D -

!

Calculate the expansian factar ¢, using the formula:
¢=1—[0.41 + 0.35 g1+ [(DP)/p]-[X/ 10 « x-t
Note: If the fluid s a liquid e = 1

'

Calculste 2 fair estimate of mass flow rate gm. using the known
difterential pressure DP In the formula:

G = 2.107-10—5ﬁ¢xd= VOF s

i

Calculate the Aeynolds Number fleg, using the most recent .
determinatian of mass flow m'le Qm in the formula:

1.2732-108 (q,..)

Rew = L]

!

Calcutate the discharge coatficient C, using tha knuwn ,8 and lhe mest
recant delermlnallun of Aeynolds Numhef Rog:

108 0715

(R,

C = 0.5959 + 0.0312 B21 — D184 B8 4 0.0029 ﬂu[

'

Caleulate the mass llow rate g, using the mosl recent dumrmimlinn of
discharge coetficient C, using the formula:

1
G = 3.512407- 1075 C e o X & F,VDPp

For liquid and gas Fy = 1 Faor steam: F, sea {14.4)

estimate of gy,

[

agree with the previous
extimale of qm 10
within 0,01%

boes

-Nu A correction

for pipa rough

have to be

applied
?

|

Om = Om* an
whem the roughness cerrection factor 2“'.: is ealculated as shuwn n
{3.2.6)

L 4

The last calculated value al mass tlow rate g, is the requirad value at
scale "X~

3211 Calculaﬁon of flow rate




33 SQUARE EDGE ORIFICE WITH RADIUS TAPPINGS

3.3.1 Construction

Radius tappings are a modified version of vena contracta tappings. The high-pressure tapping is 1.0D %

0.1D upstream of the inlet face of the plate The low—pressure tapping is 0.5D = 0.05D downstream of

the outlet face of the plate.

The general form of the orifice isin accordance with (3.1.8) {except for the dimensions "0”in the relevant
- table, which can be different for non-ANSI flanges so that the plate fits in exactly between the

bolts.)

3.3.2 Application

Not recommended for general application. Only to be con51dered where an onflce plate mstallahon
between existing flanpes is requu:ed

3.3.3 Limitations

Pipe bore: if slip-on flanges used - (DN 200)qin =D = 760 mm
if welding neck flanges used (DN 400)mm D =760 mm

Orifice diameter: 125 = d = 570 mm
Beta ratio: 02 =B=0.75
Reynolds Number: 1260 82D = Rep = 108

differential pressure {dp)

-
upstream pressure (p) 0.25

For compressible fluids:

The upper limits of the relative roughness factor k/D (for a distance of at least 10D upstream of the
orifice plate) and the orifice plate’s B ratio, must be such as to conform to the values in the fol]owmg
table: :

[} =03 6.32 0.34 0.36 038 040 | 045 0.50 0.60 ‘030 |- 075

wD-104 | 25 18.1 129 10 0 |- | 10 10 10. |. 10 10

“33.4 Discharge coefficient

: : 6
C = 0.5959 + 0.0312 2! — 0.184 BH + 0.0029 p25 10

(Rep)

Uncertainty: &« . + 0.6% for 0.2 = [3 =06

%— +B%for06<B<075

3.3.5 Expansion factor
e = 1 —[04] + 035 f4-[(DP)/p]-[X/ 102 -k~F

Uncertainty: % = =+ 4 C]PTP %for02 =B = 0.75

(note: dp and p in same units)

62
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3.3.6 Calculation

Limitations, see (3.3.3)
Sizing, see (3.3.8)

Flow rate, see (3.3.9)
Pressure loss, see (2.4.4)

Steam correction factor F,, see (14.4) -

Uncertainty, see (13)

3.3.7 References

1SO 5167
ANSI B 46.1
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B SERT
START

‘

Calculate the pipe bore D at line fﬂrnpelalure T tram the measured ar
1abulated bore B, at tempemture To, using the formula: :

B = D1 + appa (T — Tal]

!

Calculate the pipe Reynolds Number {Reg)y. at the design flow e,
using the formula:
1.2732~ 10F (qulues
[Replan = — 5.

:

Calculate a raugh estimate of 1, using the formula:

‘qm,!d" 151

B = [@5-10-70 0* (OF) X7 + {0V

]

L J

Using the most recent estirmane af B, caleulate e, using the farmuta:
e=1-~[0.41 + 0,35 A4+ [{DF}/p] - [X/ 10]7 + k"
Nota: If the lluid is a liquid ¢ = 1

i

Using (Rep)se,. the bore D and the eurrent best estimate of 8, calculate
the value of C, using the formula: :

5 1075
C = 0.5959 + 0.0312F%1 — 01840 + n.uuzg,au[ 10 ]

{ReD)des
+0.033 #* {1 — B%~' — D.016838 A2

v

Uslng tha newly evalualed ¢ and C, calculate o new B. using the

| fermuia:

28 470.5 (Gdee VI = FF 31“-’{
A= BucXF voom

Far liquid and gas F; = 1
Far steam F,: see (14.4}

=1
the lasi
extimate of §

Na sgree with the previous

[y

estimate of § to
within 0.01%
?

rThis A s 'the required value but at fine tempemature

Y

Calculate 1he raquirsd orfice diarmetsr d ax line temperature from the
farmula: . daDg

:

Calcufate the arifice tiamener dy, at reference termperature T from its
diameter d at temperature T, droin hole diameter y, if any, and
coetficlent of expansion opy,: vsing the farmula;

O = d[1 — 055 (/A2 [1 + apu {1 — Tl

338 Calculaﬁdn of orifice diameter




0 SERT

. START

!

Cosreet measured orifice diamater dy, lor drain hole dismeter v antd
thermal expansion er contraction of orifice plate using the formula;

d=d, |f1 + 0.56 {y/dn)?2][1 + apy, (T — Toll

Correct measured plpe bore Dy, inr thermal expansion or cantraction
using the tormula:

D= D[ + opipe [T = Tob]
»LCaI:uIata B ranio ot line tempemlure, § = d/D
Calculate the expansion factor £, using the farmula:

“e=1-[0.41 + 0.35 g+ [(DF/p] - [X/ 10]F « x5
Nate: If the fluid Js a liquid e = 1

!

Calculane a fair estimate of mass flow rate g, using the krown
difierential pressure DP (n the formula: -

m = 2.107'10"5ﬁlxd2 /OP p

¥

Calculate the Reynolds Numbsr Rep, using the most recant
determinatian nf riass flow rate gy in the farmuta;

12732100 (e
Ren T D

!

Using [Rep)gy,. the bare D and the currant best estimata of 8, calculate
1he volue of C, using the formula:

078
€ ~ 05858 + 0.09125%1 - 0.18489 + 0,0028425 [{“"

+0 cag A [ - BY=1 — 0.016839 §°

l,‘

Calculete the masa flow rate 6, using the most racent dstarminetion of
discharge caefficiant C, using the formulat

-3512407 10'5Cmth’F VOP p

For liquid end gas B, = 1
Far sieam: F; see {14.4)

Coea
hn last

>No nstimate of qm

Iy

agrea with the pravicus

asiimate of qm to

lthin 0,013,
?

The lost caleulsted velua of mass flow rats g, is the required velue et .
scale "X

3.3.9 Calcnlation of flow rate
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4.1 QUARTER OF CIRCLE ORIFICE

4.1.1 Construction

The form of the upstfeam edge of the orifice is a quarter of a circle, see (4.1.9)). The radius r of thé
upstream profile shall be not less than 3.175 mm, and shall lie between 0.101 d and 0.208 d inclu-
sive. '

The thickness of the orifice plate shall be not less than 2.54 mm and not exceed 0.1D.

4.1.2 Application
Low pipe Reynolds Number applications.

4.1.3 Limitations '

Pipe bore: in accordance with D/k = 750 but not less than 25 mm Maximizm ﬁipe bore is
' 750 mm : T

Orifice diameter: d = 13 mm

Beta ratio: 0245 =8 =06

Reynolds Number: (Rep)min = Rep = 105 8

table:

(Rep)mn = 1000 8 + 9.4-106 (B — 0.24)3, some particular values of which are given in the fo]lowingl

i 0.25 0.30 035 0.40 045 | 050 055 | 060

®ep)min 250 300 350 . 405 4835 605 1350 3250

differential pressure {(dp) 0.25
upstream pressure ® -

For compressible flnids:

Pipe internal roughness is not specified directly but reflected in the minimum pipe size that can be used
for the following qualities of pipe: o : '

bituminized: 75 = D {mm)
rusty steel: 100 = D (mm)
slightly encrusted steel: © 200 = D (mm)
rusty cast iron: 200 = D (mm)

The radius r expressed as a fraction of d shall be determined by the ratio f in accordance with:

© _ (007571418 — 0.06253143)
d~ " (B- 06828572

The table below gives values of r/d as a function of B:

B r/d B r/d B r/d
024 0.100 0.38 0.113 0.52 0.142
026 0.101 0.40 0.115 0.54 0.151
0.28 0.103 042 0117 056 0.165
030 0.104 0.44 0.121 058 - 0.184
0.32 0.106 0.46 0.125 0.60 0.207
034 0,107 048 0.130 ’ '

0.36 0,110 0.50 0.135
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4.1. 4 Pressure tappings

Flange tappings are recommended but corner and rad.tus tappmgs can be used with the same flow
coefficient, except for nominal line sizes smaller than 40 mm, where corner tappings shall be used
only.

-4.1.5 Discharge coefficient

C = (.73823 +0.3309 B — 1.1615 B2 + 1.5084 B2

Uncertainty: %—: = =+ 2.00 % for B8 > 0316
% =+ 250 % for #< 0316

4.1.6 Expansion factor

e = 1— [0.41 + 035 A-[(DP)/p]-[X/ 1024~

. ] .
Uncertainty: {' =+ 33(1—-¢ %

4.1.7 Calculation

Limitations, see (4.1.3)
Sizing, see (4.1.10)

- Flow rate, see (4.1.11)
Pressure loss, see (2.4.4)
For steam correction factor F,, see (14 4)
* Uncertainty, see (13) )

4. 1‘8 References

British Standard 1042; Part 1: 1964. Some ﬁgures are updated in this section.
Quarter Circle Orifices, Transactions of the Institution of Chemical Engineers, Vol. 38§, No. 1, 1960

The Quadrant Edge Orifice, Journal of Basic Engmeenng, September 1960
ANSI B 46.1
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thes:

1) Dimensions

ressed in millimetres unless otherwise
indicated.
Stated toletances shall be strietly adhered

- As specified, (Typically S8 316)
2) Material As speci (Typically .
=3 - Ar12 3) Plate thickness The plate thickness N shall be equal to the
i ) P
! ‘ value for N, listed in the table, or be equal
Ps"llE% ~ 1o the radius r specified, whichever value is
- i n hj.ghel'.
Hola 2 mm dia. * iu ad ® The difference between any two IJ!.EHS‘III'B‘
vovided whan | 2% = ments of plate thickness shall not differ by
only 1o he p h e = P .
bissd hola is prasent 100 = -more _than 0.00]1 DN in mm.
(Sae nte 7) i 2 The plate shall not depart from flagless along.
= H ’ any diameter by more then 0.01 I,
I 1] -1 (]
T:,p ,':::;:m 3:-5;5%0” ﬂi: %| w 4) Orifice The upstream profile- of the orifice shallbea
{See rote 6] =12304 ] | ’ S . .quarter of circle with jts centre at the down-
e 376 | stream recessed face of the plate, The radivs
1/4 CIRCLE . shall be langential with the upstresm face;
i the downstream edge shall be sguare and the
-tangent shall be perpendicular to the up-
stream face of the plate within =+ 1°,
: The centre of the crifice shall not differ from
| the centre of the plate by more than (1.1 mm
Soo nots 10 - for DN == 200 mm and 0.2 mm for DN > 200
: e : mm. .
Da 5) Finish of throat The throat and outlet recess shall have a sur- -
d " face roughness Ra =< 0.4 pm in accordance
with ANSI B46.1,
The downstream edge shall be sharp and free
from burrs, so that when viewed with the
. e noked eye no Hight is reflected by the corn-
- i o, en. .. .
° 6) Finish of plate The upstream and downstream faces of the
* . orifice plate to a dinmeter equal to D, shall
have a surface roughness Ra < 0.8 pm in
o accordance with ANSI B46.1.
The remaining anaular part {(between O and
. Seenam 6 D,)of upstream and downstream facesshall
) have a surface roughness Ra between 3.2
Seonow? ‘ ’ h t and 6,3 pm in accordance with ANSIB46.1.
‘.J " Seanowd iN This finish may be cbtained by machining
. A i - with a round nosed cutting tool having a 0.8
N Noin. - Searaowe3 Nemr SECTION A-A. mm radius at a feed rate between 0.35 and
Y : '0.45 mm per revolution. :
N Ny Facing roughness shall be checked by visual
V"-- NI or tactile comparison with roughness com-
parison specimens:
NN . ' PRUBERT 319" or "FLEXITALLIC 319",
N 4 7) Bleed hole . Only to be provided if zo specified.
N - R N " 8) Marking The upstream side of the orifice tab shall be
r = : . stamped at the indicated locations with:
- > 4 — the word UPSTREAM
oW < - = — the Tag Number (in three lines)
. " forr S N — the ANS] Hanpe class, followed by RF
— the nominal line size DN (in mm)
DETAIL A DETAIL B - the measured orifice dinmeter d (in mm)
— the material of the orifice plate
. : : — the word 1/4 CIRCLE
10) Welding of tap Tap may be integral with oirifice plate up to . Letter height approx. 4 mm. "
ang incl. 7 mm plate thickness. 9) Tap length - .. For insulated gipmg e.g. LNG [acilities, the
In other cases full penetration joint to be : Iength S shall be made larger to cover for the
applied. c - isolation thickness.
Nom, line d | D, | M., 0 Pmml r : - T | x y
size | =01%[x1 mo| +2% o~ 04 mm Clel ool £1% gelmm (see |1 '
DN I P ANSI flange class ‘ 1 ANSI Mange class [eete B
| mm in, dia, dia. : 3n0 600 900 | 1500 | 2500 300 600 S00 | 1500 | 2500 {See note 7)
. 15* é‘ 26 6221 622) 622 | 6212 120 120 130 130
00 [ 3 15 — L5
42 » 84 : :
250 | 1 20 B42 | B4.2 .2 H.! 30 125 i 125 135 . 13§ 20
a7 | 1} 60 | 3.0 |12 | 1022 | 1022 {1022 | 120 | 120 | 145 | 145 §
30 2 51 40 | 1106 | 110.6 | 1438 | 143.8 | 1464 113 115 |- 125 130 a0 21.0 1.0
125
SD 3 B4 6.5 | 14B.1 | 1481 | 169.7 | 1750 | 197.6 120 | 120 o 135 140 30| 15
100 4 | 109 8.5 | 1800 | 194.8 | 2069 | 208.5 § 2357 o 125 7] 125 | . 13D 140 150 455 0
& - 0 g B ! -
150 3] g 164 13.0 | 2518 | 267.1 | 289.6 { 283.9 | 317.] 40 E 120 130 135 145 50 70.5 25
B )
200 B q:: 208 17.0 | 3083 | 320.6 | 359.7 | 353.0 | 3869 g 125 135 155 I'{D 950.] 3.5
250 10 251 21.0 | 361.8 | 400.0 | 4355 | 435.0 | 4762 130 | 145 . 185 0 120.0 45
300 12 315 | 250 | 4222 | 456.8 | 4083 | 5204 | 5492 | 45 135 140 145 163 195 1440 | 5.5
350 | 14 356 | 280 |4850 | 4923 [ 5209 | 577.8 140 | 145 175 109 Neas| 6o
400 16 406 | 32.0 [ 5395 | 564.7 | 574.3 | 8407 150 155 180 1.0 | 1885 7.0
45 R
450 18 456 | 38.0 | 5963 |.6122 | 6374 [ 7038 | ° 50 ! 160 185 1.0 | 2135 8.0
300 20 s08 | 43.0 | 6531 {6820 | 6968 7549 150 135 185 |. 205 160 | 2380 9.0
600 24 610 | 51.0 | 7740 | 789.0 | 837.0 | 501.0 60 160 185 190 220 180 |2880 | 100
*} For meter runs, see (10,1.9) 7 ; -
: 4.1.9 Quarter of circle orifice plate for ANSI orifice flanges* 71




72

A aceT
START

‘

Calevlate the pipe bare D at line 1emperatue T fram the measured
or tabulated bore D, at temperature Tg, using the formulas

D= D[t + agpe {T ~ Tol]

:

Calculate tha pipe Reynaolds Number (Regplaw at the design flow e,

using the formuta; 1.2732 105 (ardue
Iaaﬂ)dn = —110——-

T

Caleulato a rough estimare of B, using 1he farmula:

g=] 00y |
(4.6 - 10~1% D4 {DP} X%0} + {g,02ged

L

Uﬁlng 1he most recent estimate of 8, calcwlate «, using the formula:
e=1—[0.4% + 0.35 4]+ [{DF}/p]*[X/ 10F r &1

Note: it the Hluid is a liquid ¢ = 1

:

Using the current best estimata of 8, calculate the value of C, using the
tormulas

€ = 0.73823 + 0.3308 £ — 1.1615 A2 + 1.5084 A

!

Using the newly evaluated ¢ and C, calculate a new A, using the
formula:
8= 28 470.5 [qnbue VT = .&4|0-5
D% CXF, /p(DP)

For lquid and gas Fy = 1
For steam Fy: sea {14.4)

0By
the last
estimate of i
apree with tha previous

estimate of A 1o
within 0,01%
?

This A is the required value but at lina temperature

!

Calculate the required otifice diaméter d at ling temperature from the
formuia; - " d=Df.

}

Calculate the arifice diameter dr, at reference temperature Ty fram its
dismeter d at temperature T, drein hole diarmeter y, if any, and
coafficlent of expansion apuy: using the formula;

dpy » d [1 — 055 {y/d2][1 + apue (T ~ To1-!

4.1.10 Calculation of orifice diameter




Q acFr
START

!

Carrect measured orifice diameter dy, for drain hals diameier y and
thermal expansion or cantraction af arifica plate using the formula;

d m d,,[1 + 0.55 (y/dpdZ][1 + g {T = Te)]

!

Correct measured pipe bore Dy, for thermal expansion or contraction
uslng the formula:

D= D,.;[‘l +d,,',..r.T—To)].

|

Calculate 8 retio ot line temperature, 8 = d/D

:

Caleulate the uxpansInn factar ¢ using the furmula

¢ = 1 = [0.41 + 0.35 f4]- [(DP)Ip] [X/10F k=

Nota: |f tha fluid is a liquld ¢ = 1

!

Calculate the discharga coafiiclant C, with the known £ using the
tarmitla: & _ 0,73823 + 0,3308 8 — 1.1615 2 + 1.5084 g2

:

Calculate the mass flow rate . using the most recern datermination af
dischargn coefficlent C, uslng the formula:

Gm = 3512407105 € 1—‘/'__?- (X d2F, \/BF p

For liquid and gas F, = 1
For steam: Fy seer {14,4) -

'

Tha last calculated valus of mass flow rate g, is the required value at
scale "X

4.1.11 _Calcu]alion of flow rate



4.2 CONICAL ENTRANCE ORIFICE

4.2.1 Construction

The entrance of the orifice consists of a cone forming an angle of 45° = 1° with the centre line. See
(4.2.9). ‘ : '

4.22 Application 7
Conical entrance orifices can be used for very low pipe Reynolds Number applications. (Fabncanon of

comcal entrance orifice plates is sunpler than the fabncahon of quarter of cu-cle orifice plates).

423 Limitaﬁon_s

Pipe bore: not less than 25 mm. Maximum pipe bore is probably uplimited.
Orifice diameter: d = 6 mm C '
Beta ratio: 0.1 = B =0316

Reynolds Number: 250 B = Rep = 2-10°8

differential pressure (dp) =025

For compressible fluids: upstream pressure (p)

Available déta are reliable but limited.

4.2.4 Pressure tappings
Reliable data are available for corner tappings only. See (3.2.9)

425 Discharge coefficient

C = 0.734 for 250 B = Rep = 50008
C = 0.730 for 5000 B = Rep = 2-10°8

Uncgrtainty: icg = & 2%.

. 42,6 Expansidn factor _
€= 1—[041+ 035 p4-[(DP)/p]-[(X/10]2- k!

Uncertainty: -8€f= +33(1-¢ %

4.27 Calculation

~ Limitations, see (4.2.3)
Sizing, see (4.2.10)
Flow rate, see (4.2.11)
Steam correction factor Fy, see (14.4)
Uncertainty, see (13)

- 428 References

BS 1042 (1964)
ANSI B 46.1
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Notes:
1) Dimensions

2) Matesial
© 3) Plate thickness
4) Concentricity

5) Finish of throat

6 Finish of plate

Expressed in mmlmeues unless, otherwise
indicated,
Stnted tolerances shall be strictly adhered

As specified (Typxr.:ally §5 316).

The difference between any two measure-

ments of plate thickness shall not differ by

more than 0.001 DN in mm,

The plate sholl not depart from Flatness

glong any diameter by more than 0.01 D,

Thecentre of the arifice shall not differ Fram

‘the centre of the plate by more than 0.1 mm

for DN =< 200 mm and 0.2 mm for DN >

200 mm, .

The inlet cone, throat and outlet recess shall

have a surface roughness Ra < 0.4 pm in

accordance with ANSI B46. 1.

All edges shall be sharp and free from burrs,

so that when viewed with the naked eye no
light is reflected by the corners.

The upstream and downstream faces of the

orifice plate to 4 diameter equal to D, shall

have a surface roughness Ra = 0.8 pm in’

* eccordance with ANSI B46.1.

The remaining annular part (between O and
.ID,) of upstream and downstream faces thafl
have a surface roughness Ra between 3.2

" and 6.3 pm in accordance with ANSI B46.1.

P
"RUBERT 319"

This finish may be obtained by machining
with a round nosed cutting tool having a 0. 8 .
mm radius at a feed rate etween 0.35 and
0.45 mm per revolution.

Facing roughness shall be checked by visual
or tactile comparison with roughness com-

arison specimens:
of "FLEXITALLIC

319"
N SECTION A-A 7} Bleed hole Oxly to be provided if so specified. -
. p—a 8) Marking- .. = Theupstream side of the onﬁcc tab shall be
- . . . .stamped at the indicated locations with:
3 . = the word UBSTREAM
4 w1 \ ~ the Tag Number (in three lines)
& (\\ . — the ANSI flange clﬂss, foIluwed by RF
3 — the nominal Tine size DN (in mm)
v .— the measured orifice diameter d (in
g mm
i ; — the material of the orifice plate
al ¥ = the word CON".[CAI.
FLOW ?| = - Letter height ap gll
9) For insulated piping e.g. LNG [ncilities, the l:ngth S shall be
0.084 d = 0.003d 0021 0003d made larger to cover for the isolation thickness.
: 1) Welding of tap Tap may be integral with orifice plate up to
DETAIL -A and incl, 7 mm plate thickness.
: In other eases full penetration Jmnl to be
_ uppl.led
Nom, line d n, N 0 P T x ¥
size #01% [+ mm] =2% o-04 mm *! mm| g1 mm (see =1 mm
bN ANBSI Nange class ANSI flange class mm? B
mm in. dia. dia. 300 600 900 1500 1 2500 300 600 i) 1500 | 2500 {See note T)
15* % ’ 25 62.2 622 622 622 120 | 120 130 130
s | 3 . . |
42 LS 842 842 842 84.2 ' 125 125 135 135 1.5
TV . B 0 |
40* l% 60 1022 | 1022 | 1022 | 1022 ) 120.| 120 145 145
50 2 51 25 | 1106 [ 1106 | 1438 | 1438 | 1464 115 115 125 130 2.5 21.0 1.0
- 125
BD |. 3 84 3.5 | 1481 | 1480 [ 169.7 | '175.0 | 197.6 120 120 - 135 140 35 330 L5
100 4 'R 109 | 45 | 1800 | 194.6 206.9 | 2095 | 2337 125 125 130 140 150 4.5 45.5 2.0
& i
150 [ 8 164 635 [-251.B | 267.1 | -289.6 | 2839 | 3170 [ 120 130 135 145 0.5 PAIN
- = B 170 4.0
200 B g | 208 - 8.0 | 3083 | 320.6 | 359.7 | 353.0 | 3B6.9 125 135 155 95.0 25
250 10 261 100 [ 3618 | 400.0 | 4355 | 4360 | 4762 130 .| 145 185 50 | 1200 3.0
; - 145 165
300 12 315 120 | 4722 | 456.8 | 4983 | 5204 | 5492 45 135 | 140 4 195 ' 144.0 35
- 1.0
350 14 356 13.0 | 4850 | 492.3 | 5209 | 577.6 140 145 175 163.5 35
400 16 406 150 | 5395 | 5647 | 5743 | 640.7 ' .. 150 155 180 8.0 188.5 4.0
145
450 18 456 17.0 | 5983 | 6122 | 6374 | 703.8 50 ' 160 195 90 | 2135 |. 45
155
500 20 508 185 | 653.1 | 682.0 | 696.8 | 754.9 E50 165 205 100 | 233.0 50
600 24 610 225 4 7740 | 789.0 | 8B37.0 | 9010 60 160 | 165 180 220 120 | 288.0 6.0

*) Far meler runs, see (10.1.5)

4.29 Conical entrance orifice plate for ANSI orifice flanges
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A CECT
START

:

Calculate the pipe bore D at line temperature T from the measured
or tabulated bore D, 2% temperature Tg, using the formula;

D = Br [1 + eipe (T = Tel]

!

Caleulate the pipe Reynolds Number {Rep)d., at 1he dmign lluw rate,
using lhn lnrmula

_ 1.2732 - 10° {Omlues

(an)ues =

7D

!

Caleulats a raugh estimate of B, using the formula:
1 2 . aas
8= [z = l
{4.6+ 10-10 B4 [BP} X3p} + {Gm)2ue

L |

Using the mast recent estimata of A, calculate ¢, using 'the farmula;
.e=1-[0.41 -+ 0.35 8]+ [{DF}/p]-[X/10F - x~!
Nate: I the fluid Is a Houid ¢ = 1

The discharge coefficient C:
For canica) entrance orifice plates © = 0.734 {if Rep <5000 ) °
C = 0,730 {if Reg >5000 B

[]

Using the newly evaluated ¢ and C, calculate a new B, using the
formula:

ﬂ [23 470.5 (Gdaey VT = F7 25
D2 CXF, Vp (DF)

| For Houid end gas F, = 4
“|. For steam Fy:'see (14.4)

estimate of g

agree with tha previous

estimate of Ao -

within 0.01%
7

Duoes

.‘Nu . a comrection

{or pipe roughness

have ta be

applisd
?

B = Ra) o

whare tha roughness eorrection factar Zp,, 15 calculated s shcmn In

(3.2.6}
|

L 4

This A is the required valuz but at line 1emperature

3

Calculate the required orifice diamatar d at fine temperature from the
formula; d=D§# ’

'

Calculata the orifice diameter dy, at reference temperature Tp from its '
diameter o at 1emperatura T, drain hole dismeter v, If any. and
coaflicient of enpansion agy,: using the formuln:

O = d [1 — 0.65 {/dI2][1 + o [T —._Tu)]"'

42.10 Calculation of orifice diameter




@ CECT
START

‘ "

Correct measured orifice diamater dr, for drain hale diameter y and -
thermal expansion or contraction of orifica plate using the formula;

d = dey [1 + 0.55 fy/dpl?I[1 + cpie T ~ Tgl]

]

Carrect measured pipe bore Dm for thermal expansion or - contraction
using the formide:

D o D[ + ape T — Tdll

!

Calculate B ratio at line temperatura, § = d/D

'

Calcadate the expansion factor ¢, using the formula:
c= 1 —[0.41 + 0.35 847 [[OP)/p]* [X/ 10 -x—*

Noate: it the fluld s a fiquid £ = 1

!

Calculate.g falr estimata of mass flow rate g using the known
diffarentlal pressusa DP in the Inrmula'

= 2,107 -10-% r_ﬁ‘t}(d? VOPp

'

Calcwiate the Reynolds Number Rep. using the most recant
determination af mass flew rate g, in the formutar
1 27324100 (g

Rap 7D

The discharga coefficiam C: ’
For mmcal emrance arifice plates C = 0,734 (it Rep <5000 §)
C = 0,730 l(ll Rep >>5000 )

!

Cafculata tha mass {low rata g using the most recant daiarminnunn of
discharga coafficient C. using the Iurrnuln

=~ 351240741075 C ——me X d?F, \/““np
\/_pA

For liquid and gas F, = 1 For steam: F. saa {14,4)

Does
o carrettion
for pipa roughnexs

4

have 1o be
applied
?

A ™= Om"Zn
whare the roughness corection facturzn,u Is calculated 2s shawn in
{3.2.6) ,

L §

The last calculated value of mass flow rate g, i3 the required value at
scale X~

4.2.11 Calculation oi_' flow rate
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. 5.1

5.1.2
503
5.14
5.1.5
5.1.6
517
5.1.8
- 5.1.9
5.1.10
5.1.11

5.1.12.

5.1.13

Section 5. Non-concentric orifices

' Segmental orifices

Construction

Application

Limitations

Pressure tappings

Discharge coefficient

Expansion factor

Calculation.

Reference

Discharge coefficients C for segmental onﬁces (Rep = 10000) .
a/D as a function of 8 B
Segmental orifice, fixed and adjustable (flange tappmgs)
Calculation of orifice diameter

Calculation of flow rate
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51 SEGMENTAL ORIFICES

5.1.1 Construction

The form of the orifice is a segment of a circle of approximately the same diameter as the internal pipe. '

 See (5111)

5.1.2 Application

- This construction pEl']IlltS complete dramage of any extraneous matter present in fluids such as s]umes
~ etc. The shape of the orifice also makes this device suitable for use as a variable gate orifice (an adjustable
orifice similar to a gate valve) to obtain a wide rangeability.

5.1.3 Limitations
Pipebore: 100 = D = 350 mm
Beta ratio:- 03 =8=08 where 8 = /m
m= crifice area/pipe area
Reynolds Number: Rep > 80-D for 125 = D = 350 mm
Rep > 10000 for 100 = D = 125 mm
Upper pipe Reynolds Number probably unlimited.

differential pressure {(dp)
upstream pressure p)

For compressible fluids: =03

The available data are mcomp]ete, the only data available for the discharge coefficient C are vahd fora

Rey, of 10 000.

5.1.4 Pressure ‘tap‘pings

Flaoge tappings are recommended. The tapping location shall always be in line with the maximum dam
height of the orifice plate.

5.1.5 Discharge coefficient
See (5.1.9)

5.1.6 Expansion factor
e = 1 — (0.41 + 0.358%) (DP/p)-(X/10)% k!

Uncenainty:'% = +33 %P %

5.1.7 Ca]culaﬁon

Limitations, see (3.1.3)

Flow rate according to the formula as described for the square edge orifice with flange tappings, except
for values of C, see (5.1.5). Special calculation of the hypothetical value of 8 and d is required because of
the form of the orifice. . _
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P ey e

For orifice height, see (5.1.10)
d=§8-D

Sizing, see (5.1.12)

Flow rate, see (5.1.13)

Pressure loss, see (2.4.4) "

Steam correction factor F,, see (14.4)
Uncertainty, see (13) -

5.1.8 Reference

Fluid meters, their Theory and Application, ASME (1971)

a

D~ (%)2] =

519 Discharge. coefficients C for segmental orifices (ReD = 10 000)

' nominel pipe size nominal pipe size

B 100 mm . 150 to B 100 mm 0 150 to
S 350 mm ' 350 mm

030 0.6354 ol 0.6294 0.55 0.6415 0.6253
031 S T 06350 0.6291 0.56 0.6409 06248
032 0.6356 : 0.6297 0.57 0.6412 0.6242
0.33 o 06352 0.6292 0.58 0.6413 0.6234
034 -0.6357 - 0.6297 059 0.6403 .0.6225
0.35 . 0.6362 o D6292 0.60 0.6409 0.6213
0.36 ) 0.6356 0.6296 061 0.6405 0.6210
037 '0.6360 -0.6300 0.62 0.6398 0.6204
038 0.6373 <1 - 0.6303 0.63 0.6397 0.6196
0.39 - 0.6375 0.6296 0.64 0.6386 0.6194
0.40 ' - 0,6377 0.6298 0.65 0.6381 0.6150
041 - 0.6378 0.6259 0.66 0.6373 0.6175
0.42 | 06378 0.6300 0.67 0.6353 0.6166
0.43 0.6378 - - 0.6250 0.68 . - 0.6349 0.6180
0.44 0.6387 0.6289 0.69 " 0.6332 0.6147
0.45 0.6385 0.6287 0.70 " 0.6320 0.6146
046 06392 0.6284 0.7 0.6296 0.6141
0.47 0.6388 C 06291 0.72 _ 0.6285 0.6131
0.48 06393 0.6286 0.73 - 0.6262 0.6118
049 0.6397 0.6281 . 0.74 0.6242 0.6108
0.50 0.6400 0.6274 0.75 0.6226 0.6102
0.51 0.6402 . 0.6276 0.76 0.6204 0.6090
0.52 0.6402 0.6267 0.77 0.6176 0.6080
0.53 0.6401 0.6267 0.78 0.6151 0.6063
0.54 0.6409 0.6256 0.79 0.6134 0.6048
0.55 0.6415 0.6253 0.80 o ~0.6109 0.6032
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5.1.10 a/D as a function of B

B 0 1 2 3 4 5 6 7 8 9
a/D
0.30 0.146 0.146 0.147 0.148 0.148 0.149--| 0.150 0.150 0.151 0.152
0.3 0.152 0.153 0.154 0.154 0.155 0.156 0.156 0.157 0.158 0.158
0.32 0.159 0.160 0.160 0.161 0.162 0.163 0.163 0.164 0.163 0.165
0.33 0.166 0.167 0.167 0.168 0.169 0.169 0.170 0.171 0.172 172
034 0.173 0.174 0.174 0.175 0.176 0.177 0.177 0.178 0179 0.179
0.35 0.180 0.181 0.182 0.182 0.183 0.184 0.184 0.185 0.186 0.187
036 0.187 0.188 0.189 0.189 0.190 0.191 0.192 0.192 0.193 0.194
0.37 0.195 0.195 . 0.196 0.197 0.198 0.198 G.199 0.260 0.200 0.201
0.38 0.202 0.203 0.203 0.204 0.205 0.206 0.206 0.207 0.208 | 0.209
0.39 0.209 0.210 0.211 0.212 0.212 0.213 0.214 0.215 0.216 | 0216
0.46 0.217 0.218 0.219 0219 0.220 0.221 0.222 0.222 0.223 . § 0224
041 0.225 0.225 0.226 0.227 0.228 0.229 0.229 0.230 0.231 0.232
042 0.232 0,233 0.234 0.235 0.236 0.236 0.237 0.238 0.239 0.240
0.43 0.240 0.241 0.242 0,243 (1243 0.244 0.245 0.246 0.247 0.247
0.44 0.248 0.249 0.250 0.251 0.251 0.252 0.253 0.254 0255 | 0.256
0.45 0.256 0.257 0.258 0.259 0.260 0.260 0.261 0.262 0.263 0.264
0.46 0.264 0.265 0.266 0.267 0.268 0.269 0.269 0.270 021 0272
047 0.273 0.274 0.274 0.275 0.276 0.277 0.278 0.279 0279 0.280
0.48 0.281 0.282 0.283 0.284 0.284 0.285 0.286 02587 | 0.288 0.289
0.49 0.289 0.290 0.291 0292 | 0.293 0.294 0.295 0.295 0.296 0.297
0.50 0.208 0299 0.300 0.301 0.301 0.302 0303 0.304 0.305 0.306
651 0.307 0.308 .308 0.309 0.310 . 031 0312 0.313 0314 0.315
0.52 0.315 0.316 0317 0.318 0.319 0.320 0.321 0322 ° 0.322 0.323
0.53 0.324 0.325 0.326 0.327 0.328 0.329 0.330 0.330 0.331 0332
0.54 0.333 0.334 0.335 0.336 0.337 0.338 0339 | 0339 0.340 0.341
0.55 0.342 0.343 0.344 0.345 0.346 0.347 0.348 ‘0349 | -0.350 0.350
0.56 0.351 0.352 0.253 0.354 0.355 0.356 0.357 0.358 . 0.359 0.360
0.57 0.361 0.262 0.363 0.363 0.364 0.365 0.366 0.367 0.368 0.369
0.58 0.370 0.371 0.372 0.373 0.374 0.375 0.376 0.377 - 0378 0379
0.59 0.380 0.380 0.381 0,382 (.383 0.384 0.385 0386 |- 0387 0.388
0.60 0.389 0.390 0.391 0392 | 0.393 0.394 0.395 0.396 0.397 0.398
0.61 0.39% 0.400 0.401 0.402 0.403 0.404 0.405 0.406 -0.407 0.408
0.62 0.409 0.410 0411 0.412 0.413 0.414 0415 0.416 0417 0.418
0.63 0419 0.420 0.421 0.422 0.423 0424 0.425 0426 0,427 0.428
0.64 0.429 0.430 0.431 0.432 0.433 0.434 0.435 0.436 - 0.437 0.438
0.65 - 0439 0.440 0.441 0.442 0.443 0.444 0.445 0.446 0.447 0.448
0.66 0.449 0.450 0.451 0.452 0.453 0455 0.456 0.457 0.458 0.459
0.67 0.460 0.461 0.462 0,463 0.464 0465 | 0466 0.467 0.468 0.469
0.68 0.470 0.472 0.473 0.474 0.475 0476 0.477 0.478 ‘0479 0.480
6.69 0.481 0.482 0.483 0.484 (.486 0487 | 0488 0.489 0.490 0.491
0.70 0.492 0.493 0.494 0.495 0.497 0.498 0.499 0.500 0.501 0.502
(1) ] 0.503 0.504 0.505 0.507 0.508 0.509 0.510 0.511 0.512 0.513
0.72 0.514 0.516 0.517 0.518 0.519 0.520 0.521 0.522 0.524 0.525
0.73 0526 | 0,527 0.528 0.529 0.330 0.532 0.533 0.534 0.535 0.536
0.74 0.537 0.539 0.540 0.541 0.542 0.543 0.544 0.546 0.547 0.548
0.75 0.549 0.550 0.552 ‘0.553 0.554 0.555 0.556 0.557 0.559 0.560
0.76 0.361 0.562 (.563 0.565 0.566 0.567 0.568 0.570 0.571 0.572
0.77 0.573 0.574 0.576 0.577 0.578 0.579 |- 0.581 0.582 0.583 0.584
0.78 0.586 0.587 0.588 0.589 0.5% 0.592 0.593 0.594 0.595 0.597
079 . 0.598 0.599 0.601 0.602 0.603 0.604 0.606 0.607 0.608 0.610
0.80 0.611 0.612 0.613 0.615 0.616 0 617 0.620 0.621 0.623

0.619 .
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5.1.11 Segmental orifice, fixed and adjustable (flange tappings) -
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B SGFT
START

X

Calculate the pipe bore D at line temperature T from the measurad
or tabulated bore Dy at temperature Ty, using the formula:

D= Dn i1 + apipe {T — Tol]

Calculate the pipe Heynu!ds Number (Rep)u.s at the design flow rate,
using the formula:
_ 1.2732+ 108 {gmges

(Reo)ves B

y

Calculate a rough estimate of 8, using the formula:

.B - [ (qm)zdns ]0.25
l(4.5- 10-10 D2 {DP} X2} + ()2

Using the most recent estimate of 8, calculate €, using the formula:

‘=1 — [0.41 + 0.35 §*]-[{DP)/p]- [X/ 102 x—1

Nate: If the fluid is a liquid € = 1

R |

Using the current best sstimate of A determing the value C
See table {5.1.9)

Using the newly evaluated ¢ and C, calculate a new 8, using the

furrnula
B = [23 470.5 {Omlda V1 — ﬁ“los
0% C X F, /o (OF)

For liguid and gas F; = 1
For steam Fg: see {14.4)

Does
the last

5timats
No estimate of A

agrea with the pravigus
estimats of 8 10
within 0.01%,

A

l This B is the reqguired value but at line temperature s

3

I Derive a/D frem table {5.7.10) and calculate a - ‘

END

5.1.12 Calculation of orifice diameter




Q SGFT
_ START

Carrect measured pips bore Dy, for thermal expansion or contraction
using the formula: ‘ :

D=0D,[1+ Xnipa (T — Toll

!

Calculate 8 ratio, using the formula:

p= | tpecoslr -2 -2 -2\ 5 - 3]
| !

Calculate the expansion factor e, using the formula:

£=1—[0.41 + 0.35 p*1+[{DP}/p]*[X/ 10 »

Nota: If the fiuid is a liquid e = 1

!

Caleulate a fair estimate of mass flow rate g, using the known
ditferential pressure DP in the formula:

G = 2.107 10—5~—ﬁ—l—~_m_—ﬁ—4exc|2 DP

!

Calcwate the Reynolds Number Rep, using the most recent
detarmination of mass flow rate qn, in the formula:

- 6
Rap = 2732108 (g

lw

Determine the discharge coefficient C, using the known 8 for
segmental orifice plates: See table (5.1.5}

l

Calculate the mass flow ratws Ome Using the most recent determination of
discharge coefficient C, using the formula:

1
Gn = 3.512407-1075 C gy e X a2 Fy VBFE

For liquid and gas F; = 1
For steam: F; see {14.4)

1

The last calculated value of mass flow rate q, is the required value at

scale "X"

5.1.13 Calculation of flow rate
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6.1
6.1.1
6.1.2
6.1.3
6.1.4
6.1.5
6.1.6
6.1.7
6.1.8
6.1.9
6.1.10
6.1.11

6.2
6.2.1
6.2.2
6.2.3
624
6.2.5
6.2.6
6.2.7
628
6.2.9
6.2.10
6.2.11

'~Se_cti_011 6. Venturi-type devicés

Venturi tube (classical)
Construction
Application
Limitations .

Pressure tappings
Discharge coefficient
Expansion factor
Calculation

References

Venturi tubes o
Calculation of throat diameter
Calculation of flow rate

Rectangular Venturi tube

~ Construction

Applcation

Limitations

Pressure tappings

Discharge coefficient
Expansion factor

Calculation

Reference Co
Rectangular Venturi tubes
Calculation of throat diameter

_Calcu_lation of flow rate
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6.1 VENTURI TUBE (CLLASSICAL)

6.1.1 Constraction

The classical (Herschel type) Venturi tabe is a short, narrowed pipe (throat) between two tapered
sections. When the exit diameter is smaller than the downstream pipe diameter it is called a truncated
Venturi tube. See (6.1.9).

6.1.2 Application

For low-pressure loss (2.4.4) and for accurate measurement of fluids containing suspended solids.

6.1.3 Limitations

High initial cost.

Not easily removable.

Length of element may be a disadvantage.

In principle suitable for a]l fluids, but ISO 5167 so far restricts its use to liquids.

differential pressure (dp)

=
upstream pressure {(p) 0.25

For compressible fluids:

Roughness of upstream pipe k/D = 103 (for at least 2D upstream)

The limitations of the classical Venturi tube depend on the way in which the Venturi t‘ubes are

manufactured, see (6.1.9), and are given in the table below:

Type Pipe size B ratio Reynolds Number

A
Ventud with a
rough cast convergent 100 = D = B0C "Q3IE=EF =075 2x105 = Rep =2x 106

B
Ventur with a ) . ‘ o
machined convergent 50 =D = 250 S ta=E=p=E075 0 2x 105 = Repy = 106

C

Venturi with a rough . _

cast, welded sheet iron 200 = D =1200 04 =B =070 2x 107 = Rep, S 2x 106
convergent

6.1.4 Pressure tappings
See (6.1.9).

6.1.5 Discharge coefficient

Type A: C = 0.984
Type B: C = 0.995
Type C: C = 0.985

Uncertainty; Type A: BTC = + 0.7%
Type B: igw = * 1.0%
Type C: STC = * 1.5%
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6.1.6 Expansion factor

£— 1
K

2
e [(i—)lx) (1 i;f;)%) (1 _1(3()1{

where K = [p -~ (DF) (X/10)2)/p

8 ' d
Uncertain :§= i(4+IOOBB)FP%

(dp and p in same units)

6.1.7 Calculaton

Limitations, see (6.1.3)

Sizing, see (6.1.10)

Flow rate, see (6.1.11)

Pressure loss, see (2.4.4)

Steam correction factor ¥y, see (14.4)
Uncertainty, see (13).

6.1.8 References

ISO 5167
DIN 4760
DIN 4762

)"
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a 2.7(0—o)

Fainlet = 21° * 19——-
d = 0.001d

Upstream pipe Cylindrical Conical .

c; outlet = 7° to 87 p.referred
{7° to 157 allowed)

aad

Truncated conical divergent outlet

>0.65 L

with CLA 7} antrance section canvert Throat Non-truncated conjeal divergent outlet L’
roughNESS —— e - 1-entl- o
‘< 10-40 for at .
laast 20
Note: = 0.50D =+ 0.25D for 100 mm (4 in.} = D = 150 mm (6 in.)
0.500 " g?j p for 150 mm (6 in) < D < 800 mm (32 in.)
e = 4-10 mm but < 0.1D for upstream tappings and
<Z 0,134 for throat tappings
Manufacturing Dimensions (recommended by 150) Finish CLA*) roughness
and/or -
construction a [ n n n Entrance Conical Conical
mathod section convert Throat divergent
Rec. | Limits | Rec. | Limits | Rec. | Limits | Rec. | Limits |Rec. | Limits
Type A: >D|>025D+ | d > 0.33d | 1375D | + 20% |3.6254 | +0.1234 | 10d 5-15d < 10-*D < 10D < 104 Rough
Cast, with + 250 mm for | incrensing but cast,
"throat and or + 107 [ with preferably smouth
entrance outlet | decreasing <0.5+10-*d | and clean
cylinder 7= w outlet
machined
Type B! >D - d > 06d | Zero | <0250 | Zero | <0254 |Zero | < 0254 << 10-*D < 10D < 10+ Rough
Cast, with : : = : . but cast,
throat, conver- preferably | smooth
gent partion < 0.5-10-4| and clean
| and entrance
cylinder
machined .
Type C: >0 - d - .Zero fCurvature| Zero |Curvature | Zero' - 510D 310D << 10-52 Smooth
manufactured dueto |- doeto | 7 {Clenn, (Clenn, but and
by welding welding welding Eree from | free from | preferably clesn
sheet iron allowed allowed encrustation) |encrustation) | < 0.5:10-d |’
Height of | Height of
internal internal
weld szams | weld seams
< 0,050 < 0.05d

*} CLA = centre line average value or arithmetic mean roughness value (see DIN 4760 to DIN 4762)

6.1.9 Venturi tubes

9
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AVTABC

START

| :

Caleulate the entrance cylinder’s diamater D at line temperatura T tram
the measured diameter Dy, a1 temperature Tg, using tha formula:

D = Dn[1 + ayepus (T — Toll

!

| Calculate a rough estimate of f, using the formula;

g = [ (L™ N
{12.3-10-19 0, {DF) X7 g + {g20al

Y

Using the most recent estimate of 8, calculate the fluid's expansivity ¢,
using the formula:

Sl

Where: K = [p — {DF) (X/10)2)/p

Mote: If the fluid is a liquid ¢ = 1

Far a classical Venturi with rough cast canvergent [A}:
C = 0,984

For a classieal Venturi with machined convargent (B):
C = 0,995

For & classical Venturi with rough welded sheet lron convergent (C):

C = 0.885
Y

Using the newly evaluated e and C, calculate a new A, using tha
tarmuta:

g = [23 470.5 (Qldee VT — El 0.5
DAF eCX /g (LI

For liquid and gas Fa = 1
For steamn Fy: see {14.4)

No estimate of §

apree with the previous

estimata of 4 to

within 0.1
?

A

This 8 is tha required value but at line tempemstura

!

Caleulate tha required orifice diameter d at line temparature from the
formuta: d=pg

!

Calculate the thros! dimenslons at refarence temperatura Ty from d, at
temperalure T, and coefficient of expansion avegud: using the farmutat

A = {1 + avemen {T — Tall-!

6.1.10 Calculation of throat diameter




QVTABC
START

'

Coerent measured throst diameter dy, far tharmal expansion or
coniraction, using the formula:

d =dn[1 + &veniui (T = Tal]

!

Corract measurad entrance cylinder bare D, for thermal expansion or
contraction, using the formula:

D = Dy [1 + ayernsi §T = Ta)]

!

Catculate A ratio at line tamperature, § = d/D

:

Using 1he mast recant estimate of J, calewdate the expansion factor g,
using the fermula:

(ed0F) {1 = ¢ ) st =
=[] -
A

Where: K = {p — (DF) (X/ 10)2]/p
Note: If the fluld is a Hguid ¢ = 1

172

'

Select appropriate discharga costicient C;

Far a classical Vantufi with rough cast convargent {A):
C = (0.984

Far a classical Venturi with machined convergent {B}:
C = 0.985

For a classical Venturi with rough welded shest iran convergent {C:

C'= 0.985

From £, e and the appropriate value of C, mlculale the mass flow rate
Qe using the farmula:

.qm = 3.612407 +10-5 c~—~1~‘/_1_~_—_mx F e d2+/DP p

For liquid and gas F, = 1
For steam Fy; ses {14.4}

!

The last calculnted valua of mass flow rate b, Is the required value at
scale X~

6.1.11 Calculation of flow rate
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6.2 RECTANGULAR VENTURI TUBE

6.2.1 Construction

In general, the construction of the rectangular Venturi tube is as described for the classical (circular)
Venturi tube except that the cross section has a rectangular shape. See (6.2. 9A) and (6.2. 9B) of which
{6.2.9A) is the recommended version. _ ,

6.2.2 Application

For moderately accurate measurements in rectangular conduits, where other measuring dewces are
impossible or unpractical, e.g. in large rectangular air ducts of furnaces

6.2.3 Limitations
1. Equivalent diameter of entrance: 1.13 v(WH) = 1200 mm

2. Ratio of duct at the entrance: preferably: 0.67 = W/H = = 1.5
limits: 05 =WH= =20
ideally: W/H =1

3. Ratio of the throat: preferably: 0.67 = w/h = 1.5
limits: 05 =w/h =20

" ideally: w/h =1 _
Note: If Venturi contracted in two planes w/h = W/H
4, Equivalent beta ratio: 0.44 = /(wh/WH) = 074 -
5. [Entrance Reynolds Number: 2-105 = Rep, = 2-107
(based on equivalent diameter D = 1.13 1/(WH))
6. Differential pressure: dp = 0.25 bar
Differential pressure/upstream pressure:

-y

(dp/p) = 025
8. Duct internal ronghness: (K/D) =5-10-3

6.2.4 Pressure tappings

The low-pressure tapping is placed in the centre of the throat in one of the larger sides of the |

contraction.

The high-pressure tappmg is placed in the same plane at a distance equa] to 7 /& -WH (equiva-
" lent "D") from the inlet. For WH, see (6.2.9A).

6.2.5 Discharge coefficient

C =0.975
As a rough guide the flow meter’s basic discharge coefficient can be expected to be uncertain to approx.

+ 10% within the limits quoted in (6.2.3). For equivalent 8 ratios of about 0.6 and W/H and w/h equal to_

L0, the uncertainty of the discharge coefficient is approx. 5%.

6.2.6 EX};ansion factor

2 k—1
[l (=) )
where K = [p — (DP) (X/10)?]/p

Uncertainty: % = +(4 + 1008%) (%pfor 02=8=075
(dp and p in the same units)
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6.2.7 <Calculation

Limitations, see (6.2.3)

Sizing, see (6.2.10) -

Flow rate, see (6.2.11)

For steam use F; according to (14.4) - _

Pressure loss, depending on %——ﬁh and the taper of the outlet section, but slightly (approximately 5%)‘
higher than indicated for circular Venturi tubes, see (6.1.7)

Uncertainty, see (13)

6.2.8 Reference
“Rectangular Venturi Tube Desi.gn",‘ Part. 1, R.G. West
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—— Free from burrs

7 7

§ k:m

2" NPT

| . J/ Low-prassura tap;:ln

0.5H

|
'\'-‘-/’i

A. Rectangular Venturi tube : o
with one-plane contraction :
. (H=hw<W) )

High-pressure tapping

%
\

21° %)

\\

Low-pressure tapping

’E\.
R

N

0.6H

High-pressure tapping

S
B. Rectangular Venturi tube
with two-plane contraction

(h << H w < W)

Notes:

Upstream conduit area = WH,

where H/ Wor W/H = 0,67 to 1.5

Throat area = wh, where i/w or w/h = 0.67 to 1.5

m = wh/ WH; B = \/m '

The planes of a preceding bend, the pressure taps and the
two non-contracted walls of the duct shall run parallel

*) Angle between planes depending on w/h,

6.2.9 Rectangular Venturi tubes



ARvY
START

:

Calculate the entrance dimensions at [ine temperature and ealculate the
equivalent entrance diameter, using the formula:

Dy = 1.1284 (WHIOS [1 + aypuon (T — Tol]

¢

Calculata a rough estimata of 8, using the farmula:

. [ 18 see '| 035
H12.310-'0 D1 (DP) X2 p) + {5} 2ume)

) 4

Using the most recent estimate of 8, calculate the fluid's expansivity e,
using the farmula: : :

2 Tt JO
e s iy

Where: K = [p — (DF} (X/10)21/p

Nota: If the fluid is & liquid e = 1

For a rectangular Venturl: C = 0.975

y

Using the newly evaluated e and C, calculate a new f, using tha
farmula: ’
: P [2& 4705 (Godse VI = E|°5
[ Beecxr, Vo (0P

For liquid end gas Fs = 1
Far steam F,:.see {14.4)

Does

the fast

estimata of

agres with the previous

estimate of 810

within 0,01
?

No

I Y

This § is tha required value but at line 1emperature

! - '

Calculate the equivalent throat dismeter at line temperature from the
aquation: de = D8 ) :

!

Calculate the throat diameler dr, at reference temperature Tg from its.
diamater d a1 temparature T, and coefficient of expansion ayvsw -
"using the formula: '

wWh = [dg {1 + avenn {T ~ Tel)=1/1.12847

6.2.10 Calculation of throat diameter
98




QRVT
START

:

Carrect measured throat dimensions for thermal expansion ar
contrection end calculate the equivalent throat diamelar, using the
formula: -

e = 1,1284 (Wwh)®5 {1 + avue (T — Tol]

!

Comect measured throat dimensians for thermal expansion or
contraction and calculate the equivalant throat dismatar, using the
formula:

D, = 1.1284 (WHJPS [1 + aygons (T — Tol]

x

Calculate A ratio at dine tamparaturs, f = (wh/WH)2S

!

Using the most recant estimate of 8, calculate the expansion factar e,
using the formula:
2 x—1
o [[ROREN (1= 8¢ ) (Lot )]"1
K~ 1 2 1 -
1— B K

Whera: K = [p — (DP) (X/10)2)/p
Note: I the fluld is a liquid « = 1

il

For a rectangulor Vanturi: € = 0.875

!

From £, £ and the appropriate value of €, ealculate the mass flow rate
Ome using the formula: '

1
=3, + 105 £ mpemee— P
Om = 3.512407+10 C\/T—-—IXd. F. vDPp

For tiquid and gas Fy = 1
For steam Fy see (14,4}

!

Tha last ealculated value of mass flow rate g, is the required value at
scale “X°

46.2.11 Calcutation of flow rate
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7.1
7.1.1
7.1.2
7.1.3
7.1.4
7.1.5
7.1.6
1.1.7
7.1.8
7.1.9
7.1.10
7.1.11

7.2
7.2.1
7.2.2
7.2.3
7.2.4
7.2.5
7.2.6
7.2.7
7.2.8
7.2.9
7.2.10
7.2.11

- Section 7.

ISA 1932 nozzle
Construction
Application
Limitations

Pressure tappings
Discharge coefficient
Expansion factor
Calculation

Reference

ISA 1932 nozzle
Calcnlation of throat diameter
Calculation of flow rate

Long radius nozzle
Construction
Application
Limitations

Pressure tappings
Discharge coefficient
Expansion factor
Calculation

Reference

Long radius nozzle
Calculation of throat diameter
Calculation of flow rate

Nozzles
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71 1ISA 1932 NOZZLE

7.1.1 Construction.

The nozzle is a curve-shaped convergent entry leading to a short-cylindrical throat without a discharge
cone. See (7.1.9).

7.1.2 Application
Where a Venturi tube is too long, Where erosion or cavitation pfohibits the use of square edge

orifices.

7.1.3 Limitations

Pipe bore: 50 = D = 500 mm

Beta ratio: 03I=8 =08

Pipe Reynolds Number: 70000 = Rep = 107 for 03 = B = 044
20000 = Rep = 107 for 044 < B8 = 0.8

differential pressure (dp) -

For compressible fluids; upstream pressure (p) 0.25

B = 035 036 038 0.40 6.42 0.44 0.46 048 0.50 0.60 0.70 0.77 0.80

k/D-104| 25 18.6 13.5 10.6 8.7 15 6.7 6.1 5.6 45 | 4.0 a9 ‘3.9

or without a restriction if k/D = 3.8-10~4

7.1.4 Pressure tappings
Corner tappings only, see (3.2.9).

' 7.1.5 Discharge coefficient
C = 0.99 — 02262 B*! + [0.000215 — 0.001125 # + 0.00249 54-7]-[

106 ]1,15
(Rep)

- Uncertainty: STC = =+ 0.8% for B = 0.6
% = *+ (28 — 0.4)% for 8 = 0.6

7.1.6 Expansion factor

2 k=1 |
€= [(;;(E()lx) (11;421).%) (1“1(3{)1("‘ )]'/2
where X = [p — (DP) (X/10)3]/p

Uncertainty: %E =+ 2 d?P %

(dp and p in the same units)
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7.1.7 Calculation

Limitations, see (7.1.3)

Sizing, see (7.1.10)

Flow rate, see (7.1:11)

Pressure loss, see (2.4.4)

Steam correction factor F;, see (14.4)
Uncertainty, see (13)

7.1.8 Reference
IS0 5167

103






0.3041d 0.3d_ =0.03d
0,2d .
=0.1D -
Portion to be cut off . - -
- ]
TNV %
/4§1/ ’
:! N ‘ : A
] § 7/ /;
“ \ /A
N b Ly
N )
‘lf\ ir !
AN F 1 4 |
< < /
A// D I
A '
c [ H Sharp edge ] i
E 0.6041d 2| o - II Bl o
a E 3 _ 8. 8 Flow w = o | 2 g
kI 0.3d sl N2 I el
0.3041d B | os041d oo
- =0.03d ]
] I
" | / % »‘l : Sharp edge
Ve \ Roughness | \\\\ ‘ 1
‘\\ 2 & <0,0003¢
Roughness ‘\\ 0.2d .
&= 0.0003 H _ ! g ,
N A
1 5 N
X
2
% 7B
N ] 5”

Typed= 2/3 D

A = Flat portion perpendicular to the axis
B and C = Convergent defined by r; and »,

E = Cylindrical throat

F = Recess

Notes:

The flat portion A4 inside the pipe equals zero whend = ¥ D. Whend > ¥ D, thei_h]

is just equal to D
The length j of the nozzle in that ease is:

0.75 _ 0.25
04041 + /25025 _ 555950y
[ \/ B R

——r
Type d<2/3 O

ri= 02d4+10% for B < 0.5
=02d* 3% for B = 05
ro=d/3 x10% for 8 < 0.5
=.d/3+ 3% for f = 0.5

-

Any diameter & of any cross section shall not differ by more than 0,05% from the value of the mean diameter.

7.1.9 ISA 1932 nozzle

et face is machined so that its larpest diameter
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£ 1541832
START

:

Calculata the pipa bore O at line temperature T from the measured or

tabulated bore D, at temperature Tg, using the formula:

D = D [1 + apipe (T — Tal]

;

Calculate the plpe Reynalds Number {Rep)q,, ot the design flow rate,
using the formula:

. 1,2732- 108 "
{(Feghie = _Tmm)ﬂ

I

Caleulate a rough estimare of 8, using the farmula:

=] {8l i e
l(4 B+ 1010 D* (DP) XZa) + (qnFael

f

Using the most recent estimate of A, calculate the fluid's mpanslvuy (4
using tha fermula: .

g-[{rﬂﬂx“ 1;:;.”1_1—{ )]1.':

Where: K = [p — (DP) (X/10)2]/p
Naote: If the ffuid Is a liquid ¢ = 1

:

Using (Aeglyn and the curment best astimate of f§, calculate the value of
the appropriate discharge caafficlent C:

C = 0.99 — 0,2262 A% +
-+ [0,000215 — 0.001125 f + 0,00248 47]-

108 ] 1.5
{Rep}des

!

Using the newly evaluated ¢ and C, calculate a new £, using the
A= [25 470.5 (qula VT — B°) 9%
D% C X F, /¢ [DF}

For liquid and gas F;, = 1
Far steam F,: o8 (14.4)

" farmula:

estimae of §

No agrea with 1he previcus

A

estimata of 7
ithin 0.01%,

This A Is the required value but at line 1emperatura

!

Caleulate the required throat diameter d ot line tlamperatura from the
tormula: d=ng

:

Calculaia the throat diameter dr, at reference temperature Tp from its
diameter d at temperature T, and coefficient af expansion a pgme:

dm = d [1 + Qnoge (T = Ta)]

7.1.10 Calculation of throat diameter




0 15A 1832

'

Correct measured threat dismeter dy, for thermal expansion or
cantraction, using the formula;

d =dn[1 + dneae {T — Toll

Correct measured antrance cylinder bore Dy, for thermal expansion ar
eontraetian, using the formula;

D = Dm[1 4 apigs [T — Tol]

T

Calculate 8 ratio at line temperature, # = d/D

i

Using the most recant estimate of f, calculate the expansion factor e,
using the formula:

2 N P AR IE 1Y}
o = [ft) (=) LS

1 gk

Where: K = [p — {DF} (X/1002)/p
MNote: if the fluid 1s a liquid € = 1

!

Calculale a rough astimate of the mass flow rate gm, using the famula:

On = ?.107'10‘5 —'—‘,.l.‘_—ﬂ‘d'{d: \/DP g

Calculate the pipe Reynolds Number {Rep) at the d&lgn flow rate,
using the formula;

1.2732 - 106 {q,,)
{Rep) T]—D

!

Using £ and {Rep) calculste the value of the eppropriata discharge
coefiicient C, using the farmula:

€ = 0,99 - 0.2262 g0 4+
108 1.15
Real

+ [0.000215 — 0.001125 8 +-0.0D249 F: L

{

From #, € and the appropriate value of C, calculate the mass flow mie
Om. Using the formula:

B = 3.512407 + 10-5 cﬁﬁ € X d2+/0F p

: " { For liquid and gas F, = 1
For steamn Fy: see (14.4) -

agtinute of gn,
agrea with the previgus
estimate of g 1o
ithin 0,013

The last calculated value of mass flow rate o, is the required ualﬁe at
scale "X '

7.1.11 Csﬂculaﬁon of flow rate
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7.2 LONG RADIUS NOZZLE

7.2.1 Construction

The nozzle is a curved convergent entry leadmg to a short cy]mdncal throat without a discharge cone. See
(7.2.9).

722 Application

When a Venturi tube is too long.
Where erosion or cavitation prohibits the use of square edge onﬁces

7.2.3 Limitations
Pipe bore: 50 = D = 630 mm

Beta ratio: 02 =8 =050 for a low-ratio nozzle
025=p8 < 080 for a high-ratio nozzle

Reynolds Number: 104 =Rep = 107

differential pressure (dp)
upstream pressure (p)

For compressible fluids: = 0.25

B =035 036 0.38 0.40 0.42 0.44 046 0.48 0.50 0.60 0.70 6.77 0.80

k/D-14| 25 18.6 13.5 10.6 8.7 7.5 "6.7' 6.1 56 | 45 4.0 39 319

or without a restriction if k/D = 10-10-4

The initial cost is high, and it is difficult to manufacture.
The thickness of the element complicates its remova.'l from the line.

7.2.4 Pressure tappings

Upstream tapping 1D+0'2 D p lpstream of the inlet face of the nozzle.

Downstream tapping 05 D +0.01 D downstream of the inlet face of the nozzle but no further
downstream than the nozzle outlet. See (7.2.9)

7.2.5 Discharge coefficient

0.5
C = 0.9965 — 0.00653 ﬁﬂ-ﬁ[ 10°

_ (Rep)
Uncertainty: STC =+x20%

7.2.6 Expansion factor

2 ' _ K—1
£T [(’rcc(iql) (1 i;4f;)%) (l T-% )]”2
where K = [p — (DP) (X/10)%)/p

Uncertainty: % =+ 2 %E %
(dp and p in the same units)
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7.2.7 Calculation

Limitations, see (7.2.3)
Sizing, see (7.2.10)
Flow rate, see (7.2.11)
Pressure loss, see (2.4.4)

For steam correction factor Fy, see (14.4)

Uncertainty, see (13)

728 Reference
IS0 5167
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rd

F= 3—-13 mm /
LY B . . 1 .

Mg -

R 0.03d

I : - =~ F/:J
Raugh 2 ‘51 W
oughness | . /
| k<0.0003d S 7

450 st -

=3 mm and =<0.15 D

H.igh—‘raﬁo type (8 from 0.25 to 0.80)

—TT T~ -~
[) 4 ~
—— ) \\ F=3—-13mm
=3 mm " / o
2/3d £
¢ 77 7/6d
d . 0.64
B Flow |0 ——. - L Ppp— B «id
Roughness
k=< 0.0003d \

A = convergent portion
B = cylindrical throat ' .
C = bevel, recess or plain end : ' T

Notes: : . oo

Two diameters of the convergent in the same plane perpendicular
to the axis shall not differ by more than 0.1% from their mean
value. Any diameter « of any cross section of the throat shall not
differ by more than 0.05% from the mean value.

7.29 Long radius nozzle.
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B8 LRN
START

I

Calculate the pipe bore D at line temperature T from the measured or
tabulated bare D, at tamparature Tp, using the formula;

D = D [1 + appe T — Tall -

!

Caléu!ala the pipe Reynalds Number (Rep)a. at the design flow rﬂle;
using the formula:

1.2732-108
{Reples = 1.2732 - 10° [Omles

]

Calculawe a rough estimare of 8, using the formula:

32 0,25
a=| iy ]
46+ 10-© n~ {DF) x?p) + (qu’.m

—

Using the most recent estimata of 8, calculata the !Iuid 5 axpanswlty [
using the formula:

lxucr)! 1 -t )h—( e
2 1T—K
ﬁ‘ﬂq
Where: K = [p — [DP) {X/10)2)/p

Note: If the fluid 15 a liquid ¢ = 1

Using {Rep)ye #nd the current best estimale of A, calculate the value of
the approgriate discharge caefficlent C; using the formula:

'IC!Ii
C= 09955 — 0.OJBE] go8 Fechas

!

Using the newly evaluated ¢ and C, caleulate-a new 8, using the

formuta: B
A [28 470.5 {Gmliey @ = g o
DT F ¢ CX +/p (DF]
For liquid and gas F, = 1
For steam Fy: sea {14.4)

estimate of 8

agrea with the previous

estimate ol A 10

ithin 0.01%,
?

This @ is tha required value but at line temperiwre

'

Calculate the required throst diameter d at line temperature trom the
formula: d=Dfg

i

Calcutate tha throat dismeter dp, at referance temperatura Ty from its
d at iemp e T, and coefficient of expansion @ gt

m = d[1 + ftaau (T — Tab]

7.2.10 Calculation of throat diameter




Q LAN
START

:

Comect measured throat diameter dp, for thermal expansion ar
cantraction, using the formula:

“d = dm 1 + gnomie (T = Tgll

‘

Correct measurad entrance cylinder bare Dy, for thermal expansion or
contraction, using the formula:

D = Dmf? + agpe [T — Td]

' ‘

Calculate 8 ratio at line wamperature, A = d/D

) 4

Using the mast recent estimate of A, calculate the espansion factor e,
using the formula:

P T e

1_3,”()%!\ 1-K

Whers: K = [p — (DF) (X/10)2]/p
Mote: If the fluid is a liguid e = 1

!

Calculate a rough estimate of the mess flow rate g, using the formula:

= 2.107-10-5ﬁ=xd= +OFp

L

Calculata the pipe Reynolds Number (Rep) at the design flow rate,
using the farmula:
= 1.2732 - 106 (g,)

RED 70

!

Using f ond {Rep) calculata the vatue of the appropriate discharge
coefficient C; using the formuta: _ 105705
C = 0.9965 — 0,00653 pos [————-

{Reg)
!

From B, £ and the appeopriate value of C, calculate tha mass flaw rata
| Qm using the formula:

1
=13, ¢ 10-6 & ——e 2,/0OP
A =3 5124077 10-5C mx Fy e d2+/DP p
For liquid and gas F; = 1
For stearn Fy: see [14.4}

estimate of gy

Na agrea with the previous

estimata of qm 14
within (.01
7

Tha last calculatad value of mass flow rata g, is the raquired value at
seale X7 .-

7.2.11 Calculation of flow rate
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8.1
B.1.1
8.1.2
8.1.3
8.1.4
8.1.5
8.1.6
8.7
8.1.8
8.1.9
8.1.10
8.1.11

Section 8. Centrifugal force devices

Pipe bend (90°)
Construction
Application
Limitations

Pressure tappings
Discharge coefficient
Expansion factor
Calculation
Reference

90° pipe bend

Values of \/(R/2D) for welding end pipe elbows

Calculation of flow rate
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8.1 PIPE BEND (90°) : _ ’

8.1.1 Construction

The differential pressure between tappings located on the inside and outside curves of a bend, caused by
the centrifugal force of the flow, is used to measure the rate of flow. The device described here is the 90°
pipe bend or pipe elbow. See (8.1.9).

The fully circular pipe bend (3607), sometimes claz_med to be superior, is not recommended owmg to the
lack of reliable data.

8.1.2 Application

A simple and cheap device for measuring the rate of flow without pressure loss. .

8.1.3 Limitations . ' gl
Minimum line size according to R/D = 1.25

Lower pipe Reynolds Number 10 000; upper pipe Reynolds Number unlimited.

The flow coefficient varies with Rep, but the measurement itself is easﬂy rf:produmble
The created differential pressure is relatively low.

The available data are limited but reliable.

8.1.4 Pressure tappings

Diametrically opposite one another, on the inside and outside of the bend, at 45° from the end of the
bend.- The diameter of the tapping holes should be less than 0.125 D.

8.1.5 Discharge coefficient

Because no restriction is employed, flow coefficient C, (related to D) has to be used instead of flow
coefficient C (zelated to d). :

= /R72D) - 6.5\/(R/2D)/ \/Rep
For /(R/2D), see (8.1.10).
+1.50% for measured values of (8.1.10)

+2.00% for interpolated values of (8.1.10)
+2.50% for extrapolated values of (8.1.10)

Uncertainty

[

8.1.6 Expansion factor
= 1.00

8.1.7 Calculation
Limitations, see (8.1.3)

Flow rate, see (8.1.11)

8.1.8 Reference

Private information
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LSS

Flow -~ == - - -
(L LLLS
/
Notes:
The inside walls of the bend shall be commercially
smooth, o

" The inside diameter of the bend D is to be taken as the mean
of 4 measurements, 2 on each side of the elbow,
The radius of the bend R is to be taken as the mean of the
inside and outside curvature of the bend.
The pressure taps shall be well aligned so that a straight rod
will pass with a sliding fit throngh both oppasite tappings.
The pressure taps shall be free from burs at the pipe
inside. : :
Theinside diameter of the elbow and the adjacent pipeis tobe
equal to within 1%.
For welding end elbows care shall be taken that the internal
side of the weld is kept smooth.
For flanged elbows care shall be taken that the gasket does
not protrude inside the pipe.

8.1.9 90° pipe bend

2" NPT

Flanged eibow

I

' Welding’an:i olbow

Nominal Long radius bends Short radius bends
pipe size ' —
Schedule 40 Schedule 80 Schedule 40 Schedule 80
in, mm \/R/2D _ R/2D . \/R72D +/R/2D
2 50 0.852 0.880 0.696 0,718
3 75 0.856 ~ 0.881 0.699 0.719
4 100 0.863 0.885 0.705 0.723
6 150 0.861 0.884 0.703 0.721
8 200 0.867 0.887 0,708 0.724
10 250 0.865 0.877 0.706 0.716
12 300 0.866 0.875 0.707 0.715

8.1.10 Values of \/R/2D for welding end pipe elbows

17
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808
START

4

- Correct measured pipe bore Oy, for thermai expansion or contraction

using the formula:

O =Dn[1+ Xpipa {T — Toll

Calculate a fair estimate of mass flow rate g, with the known
differential pressura DP, ysing the formula:

G = 2.48+10-5 X D2 v/DF p

|

¥

Calculate the Reynolds Number Rep, with the most recent
determination of mass flow rate g, using the formula:

_1.2732 108 {Grobus -

Rep )

Caleulate the discharge coefficient C, with the most recent
determination of Reynolds Number Rep as appropriats; using the

formula:
Cy = +/(R/2D) — 6.5 +/{R/ 2D}/ +/Ren

l

Calculate the mass flow rate gq,, with the maost recent determination of
discharge coefficient C, using the formula:

= = 3.512407-10°5C, X D2 F, \/DP p

For liquid and gas F, = 1
For steam: F, see {14.4)

Does
the last

No estimate of gm

A

agrea with the previous
estimate of qm to
within 0.01

The last calculated value of mass flow rate g, is the reguired valus at
scale "X"

8.1.11 Calculation of flow rate




9.1
9.1.1
912
9.13
9.1.4
9.1.5
9.1.6
9.1.7
9.1.8
9.1.9
9.1.10

Section 9.

Pitot tube
Construction
Application
Limitations

Pressure tappings
Discharge coefficient
Expansion factor
Calculation
Reference

Pitot tubes
Calculation of flow rate

| :V_eloci_ty head devices
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9.1 PITOT TUBE

9.1.1 Construction

The Pitot tube is a tube with an open end placed in the direction of the fluid stream. The difference
between the pressure in the Pitot tube (impact pressure) and the static pressure in the line is a measure of
the flow rate. Several commercial versions are available, see (9.1.9.).

9.1.2 Application

For larger pipe sizes this is a simple flow measuring device which is easy to install. The commermal—type
Pitot tube may be inserted or withdrawn while the line is in operation.
Very low pressure loss.

9.1.3 Limitations

Less attractive for smaller lines, minimum line sizes approximately 100 mm.
Dirty fluids tend to clog the pressure holes.

Long Pitot tubes may present difficulties owing to vibration.

Low differential pressure is available for measurement.

A retractable construction is not recommended for high-pressure applications.

9.14 Pressure tappings
See (9.1.9).

9.1.5 Discharge coefficient

Because no restriction is employed, flow coefficient C; (related to D) has to be used instead of flow
coefficient C (related to d).

a, = ratio between the average fluid velocity and the velocity at the point of measurement.

M, = Pitot tube factor, depending on the construction and on the position of the holes in the Pitot tube,
see (9.1.9).

To obtain accurate values of M, it is advisable to consult the manufacturer.

The value of a, is determined by the average position method.

The Pitot tube impact hole is located between 0.25D/2 and 0.29D/2 from the pipe wall (see table below).
At this position the fluid velocity equals the average velocity; thus a, = 1.

Sufficient straight lengths should be available in the meter run.

Location of impact

Rep _ hole from the pipe wall ap

<2000 : 0.29Dv2 1.00
2000—10 000 ‘ 0.27D/2 1.00
>10000 0.25D/2 ‘ 1.00

9.1.6 Expansion facior
= 1.00
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9.1.7 Calculation

Limitations, see (9.1.3)
Flow rate, see (9.1.10)
. The formula for the flow rate is in line wﬂh the formu]a descnbed for the square edge orifice with flange -
tappings except for the term Cd?, which should be replaced by C,D?, see (9.1.5), while € = 1.00 ’

918 Reference 7

Private information
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'_-.—Impar:t prossure

" Flush andlsmncmt_h

_Pow ==l ol
[ ﬁ
Impact hola 3—-6 mm
Note: R
Always consult manufacturer for

PNSSESSSSSSSSASESRSSSASSN  correct Pitot coefficient Mp

Single-hole Pitot tube with separate
static tapping M, = 1.00

|—— Impact prassure

Static pressure

7 holes {0,965 mm) in 3 rows of 7 hales {1 mm} In .
outar tube ! auter tube
5.1
I
i 2% A
\l

] ZZZZR 6 Y, N\ i RNEYEAN
. U - \eh ¥ :\
§re\

4.5
4.1
~

e et s e NN 3 -
| Flow 104 ‘ Flow — 33.0 127 | | soe
284 101.6
NPL hemispherical head M, = 1.00 _ NPL sharp-ended head M, = 1.00

NEL = National Physical Laboratory, U.K.

"-._

C\\\\\\\\\\\\\ SOV

l ]r;'lpact hole _-/

Commercial Pitot tube M, = 0.86

TA

Statie hole

9.1.9 Pitot tubes
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QPT
START

:

Carrect measured pipe bore Dy, for thermal expansion ar contraction
using the formula:

D = D [1 + agipe (T — Tel]

1

Calculate a fair estimata af mass flow 818 Gm, with the known
differential pressure DP, using the formula:

Gm = 2.46-10-5X D2 /DP p

[

-

Calculate the Heynalds Number Reg, with the mast recent
dalermination af mass flow rale ¢m, using the formula:

_ 12732+ 108 igo)

Rﬂn 7 [

T _

Calculate the discharge coefficlent C, with the most recent
datarmination of Reynolds Number Rep as appropriate, using the
formula:

Cy = 8,M,, sea (9.1.5}

Cateulste the mass flow rate g with the mast recent determination of
discharge coeficient C, using the formula:

Am = 3.612407+10-5C; X D2F, +/DP p

For liquid and gas £, = 1
For steam: F, see {14.4)

astimate of Gy
ngren with the privious

estimate of om 10
within 0,019,
T

The last calculated value ol maess flow rate g, is the raquirad value st
scale "X

9.1.10 Calculation of flow rate
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10.1

10.1.1
10.1.2
10.1.3
10.1.4
10.1.5
10.1.6
10.1.7
10.1.8
-~ 10.1.9

'10.1.10

10.2

10.2.1
10.2.2
10.2.3
10.2.4

10.3
10.3.1
10.3.2
10.3.3
10.3.4
10.3.5
10.3.6
10.3.7
10.3.8
'10.3.9

104
. 1041

'10.4.2
10.4.3
10.4.4

- 1045

10.4.6
10.4.7
10.4.8
10.4.9
10.4.10

10.5
10.5.1
10.5.2
10.5.3
10.5.4
10.5.5
10.5.6
10.5.7

Section 10. Special applications

Prefabricated orifice meter runs
Construction

Application

Limitations

Pressure tappings

Dicharge coefficient

Expansion factor

Calculation

References : '
Orifice meter run for pipes DN 15 to DN 40
Orifice meter run for pipes DN 50 to DN 300

Integral orifices
Construction
Agpplication
Limitations
Calculation

Restriction orifices

Construction

Application

Limitations

Pressure tappings

Discharge coefficient

Expansion factor

Calculation

References

Restriction orifice, union-type construction

Special intake devices
Construction
Application
Limitations

Pressure tappings
Discharge coefficient
Expansion factor
Calculation
References

Special intake devices
Discharge coefficient C for special intake devices

Flow straighteners

General

The installation of flow straighteners
The tube bundle flow straightener
Radial vanes

“The "Sprenkle” flow straightener

The "Zanker” flow straightener
Reference
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10.1 PREFABRICATED ORIFICE METER RUNS

10.1.1 Construction

The orifice asssembly is mounted between prefabricated and machined pieces of pipe with flanges.
Two versions are recormmended i.e.:

— orifice meter run for line sizes DN 15 to DN 40, see (10.1.9)

— orifice meter run for line sizes DN 50 to DN 300, see (10.1.10).

10.1.2 Application
1. Meter run DN 15 to DN 40

For measuring small flows where the fluid temperature prohibits the use of integral onflce assem-
_blies or where the accuracy of the integral orifice assembly is insufficient.

un.

2. Meter run DN 350 to DN 300

To ensure that the correct piping is used with regard to roundness , roughness and that the effects of

welding are minimized.

3. Meter run larger than DN 300
-See (11.5).

10.1.3 Limitations

Line size not limited, but for lines smaller than 25 mm larger errors are to be expected and are therefore N

not recommended.
If line sizes smaller than 25 mm have to be used, calibration of the flow devme is recommended
The B and Rep, limits are according to the type of orifice used, see sections (3) and (4)

10.1.4 Pressure tappings

For line sizes = 40 mm: corner tappings are required.
For line sizes > 40 mm: orifice assemblies with flange tappings are recommended.

10.1.5 Discharge coefficient

According to the type of orifice combination used, see sections (3) and (4). '

For non-calibrated devices the uncertainty is as stated in the relevant sections, provided the line size is
within the recommended limits of that section. For uncertainties of line sizes smaller than the hmltatxons
mentioned, reference is made to (13.3.3.2).

For calibrated small size orifice assemblies, the uncertainty depends fully on the accuracy of the
calibration facilities.

10.1.6 Expansion factor
Refer to sections (3) or (4) as appropriate.

10.1.7 Calculation

Limitations, see (10.1.3)
Sizing, according to the selected type of orifice and flange tappings (see relevant section 3 or 4)
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Flow rate, according to the selected type of orifice and flange tappmgs (see relevant section 3 or 4)
Pressure loss, according to type of orifice (2.4.4)

10.1.8 References

Private information
ANSI B 16.36
ANSIN 1822
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ITEM

DESCRIPTION
1 Qrifice flange set, see {3.1.9, and 3.2.9)
2 | Line pipe
3 Jack screw
4 Stud bolt with nut
5. Temporary spacer
6 Gasket
DN N L2 ?;Ote‘iil dimensions are in mm.
0 B — by &E Effstreum length of the orifice meter run is part of the totally required straight upstream
- 3) The orilice flanges shall be fitted in such a way that the jack screws are diametrically
80 | 1200 | 550 opposed. '
100 16500 | . 700
150 | 2250 | 1050
200 3000 | 1400
250 3750 | 1750
300 4500 | 2100

10.1.10  Orifice meter run for pipes DN 50 to DN 300

129



10.2 INTEGRAL ORIFICES

- 10.2.1 Construction

The orifice element is replaceable and mostly integrally mounted with the measuring instrument,
Some of the orifice elements can be used with measuring instruments of other manufacturers.

10. 2 2 Apphcahon
For measuting very small ﬂows in sma]l lines (ie. < DN 15)

10.2.3 Limitaﬁons

Orifice diameter: d > 1.0 mm : -
Orifice Reynolds Number: 600 d = Rey  (d in mm)

The available data are incomplete. The smallest sizes, << 1 mm, should be avoided for applications where
accuracy requirements are stringent.
Calibration of the complete assembly is essential even after dismantling for cleaning,

Because of the small orifices, it is vital that the fluid is clean. The allowabie pressure and, depending on -

the construction, the temperature of the fluid is ]m:uted by the raung of the differential pressure
mstrument

10.2.4 Calculation

The calculation of integral orifices depends on the selected manufacturer and sha]l be calcu]ated in
accordance with the mstructlons supplied by the manufacturer.
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103 RESTRICTION ORIFICES

10.3.1 .Construcﬁon

It is recommended to use the square edge orifice, see (3.1.8). - ' _
Construction and dimensions to match the type and size of flanges or fittings used; for the ﬂanged .
CO]]Stl’l]Cthﬂ see (3 1.9 and for the union construc’uon see (10 3.9). L

10.3.2 Application

Simple device for creating a certain pressure drop or limiting a flow rate.
Although not a device for measurement of flow, it has been mcorporated because of sm:lﬂanty in the
method of calculation. :

10.3.3 Limitations

‘The minimum line size is 15 mm, the maximum line size is not limited.
: Dﬁferenua] pressure/ upstream pressure for compressible fluids:

dp/py = 0.25,

The recommended minimum 8 limit is 0.10, the maximum J is not critical.

10.3.4 Pressure tappings

Tappings are not essential, although a line pressure indication upstream and downstream of the
restriction orifice is recommended for checking of the behaviour of the device.

10.3.5 Discharge coefficient

For 15> D > 50 mm and 0.1 = 8 Z 0.2: C = 0.6097 for liquids
C = 0.519 for gas and steam.

For D = 50 mm and 8 = (.2, see the following table:

8 c A c B - C ;. c
0.20 0.6097 0.30 0.6318 0.40 0.6634 0.50 - 0.7073
0.21 a.6115 0.31 0.6345 0.41 0.6673 0.51 0.7125.
0.22 0.6134 S 032 0.6373 - 0.42 0.671 052 0.7179
0.23 0.6153 i 033 0.6403 0.43 0.6752 0.53 0.7234

-0.24 0.6174 0.34 0.6433 0.44 0.6793 0.54 0.7292
0.25 . D.6196 035 (.6464 0.45 0.6836 0.55 0.7351
0.26 0.6219 036 0.6496 0.46 0.6881 (.56 0.7411
0.27 0.6242 0.37 0.6529 047 . - 0.6927 0.57 0.7473
0.28 0.6267 0.38 0.6562 0.48 0.6974 0.58 0.7538
0.29 0.6263 039 | 0.6598 0.49 07022 | 0.59 0.7605

- 030 0.6318 0.40 -0.6634 (.50 0.7073 0.60 0.7673

10.3.6 Expansion factor

Use formula for square edge with flange tappf.ngsi

€= 1—[041+ 0.35 84-[(DP)/p]-[X/10]2: x~!
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10;3.7 Calculation

Limitations, see (10.3.3)
Sizing, according to the formula as for the square edge orifice with flange tappings (3.1.10), except for the
values of C, see (10.3.5) and ¢, see (10.3.6)

Flow rate, according to the formula as described for the square edge orifice mth flange tappmgs, except _

for the values of C, see (10.3.5) and ¢, see (10.3. 6)

Steam correction factor F,, see (14.4) '

Uncertainty, see (13) .

This calculation method under (10.3.7) is also valid for the constructlons with a union-type of orifice
(103.9)

10.3. 8 References

Fluid Meters, their 'Iheory and App]lcanon ASME (1959)
Principle and Practice of Flow Meter Enginecring, L. K. Spink (1978)
Private information
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104 SPECIAL INTAKE DEVICES

10.4.1 Construction

Various intai:e devices ére used in practice of which some designs are descﬁbed, see (10_.4.9)'._

10.4.2 Application

To measure the flow from a large space to a pipe.
The special intake devices are used to measure fan and compressor air deliveries at the inlet side. For a

simple construction (10.4.9A), (10.4.9B) and (10.4.9C) are recommended, for minimum pressure loss

(10.4.9D) and (10.4.9G), and for maximum differential pressure (10.4.9A), (10.4.9B), (10.4.9D),
(10.4.9F) and(10.4.9G).
The use of other devices shall be considered first.

10.4.3 Limitations

Pipe sizes unlimited.

Beta limits not applicable (8 = zero, since upstream pipe diameter is considered mfl_mte) _
Reynolds Number limitations (throat or pipe) as indicated by table, see (10.4.10). The available data are
approximate figures and not meant for exact measurements.

High-differential pressure for measurement and low-pressure loss are contradlctory reqmrements w]:uch
cannot be combined in a single device.

1044 Pressure tappings

The data presented are valid for the pressure tapping location as indicated in (10.4.9). The high-pressure
tapping may be located in a plane perpendicular to the plane of the orifice or throat, e.g. in the inlet filter
or in the open space shielded from draughts. The exact locatlon of the low-pressure tapping is relatively
unimportant for the accuracy limits indicated.

10.4.5 Discharge coefficient
For the values of C, see (10.4.10)

Uncertainty: %9 =+1%

10.4.6 Expansion factor

Because of the approximate measurements the expansion factor € may be taken as 1.

Uncertain :% = iSiP-

%

10.4.7 Calculation
Limitations, see (10.4.3)

Flow rate, according to the formula as for the square edge orifice with flange tappings (3.1.11), except for

the values of C, see (10.4.10) and ¢, see (10.4.6)

Pressure loss, see (10.4.9)

Total pressure difference, related to the inlet pressure, equals the sum of the non-recoverable pressure
loss and the recoverable velocity head due to velocity increase, i.e.

Aprott = Apjoss + 0.5 V2, see (10.4.9)
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10.4.8 References _
Developments in Differential Producers for Flow Measurement, H.E. Dall, Instrumeﬁt Engineer, April
1959 | SRR, L i SH R |

BS 1042 (1964)
Private information
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10.4.10 Discharge coefficient C for special intake devices

Rep Plaine intake Orifice intake Cone intakes Nozzle intakes
{A) B (€, D) (E,F, G, H)
~5.109 0.540 - " 0.888 " 0.914
61038 0.548 - " 0896 0.922
7-103 0,552 - 0.904 0.928
8. 103 0.555 - 0.910 0932
9. 103 : 0.556 - 0914 0.936
- 108 0:555. - 0.615 0.918 "0.940
1.1-104 0.553 0.612 ©(.922 0.942
1.2 - 104 0.551 0.610 0.925 0.945
1.3 . 104 0.547 0.608 - 0.927 0.947
14 - 104 0.544 0.606 0.929 0.949
1.5 - 108 0.542 0.605 0.932 0.951
1.6 - 104 0.540 0.604 0.933 0.953
1.7 - 104 "0.538 0.603 0.934 ©0.954
1.8 - 104 0.536 0.602 0.935 0.956
19104 .. 0.535 0.601 - 0.536 0.957
2-104 0.534 0.600 0.937 0.958
3-109- 0.526 0.597 0.946 0968
4. 104 0.522 0.595 .0.952 - 0973
5-104 0.518 '0.595 0.955 . 0977
6- 104 0.516 0.595 0.956 0.980
7 - 104 0.515 0.595 0.957 0.981
8- 104 0.513 0.595 0.958 0.983
9. 104 0.512 0.595 0.959 . 0.985
103 0512 0.595 0.960 ~ 0.987
2-108 0.507 -0.595 0.950 0.991
3-105 0.505 - 0505 ~0.960 0.991

Not_e: For types A, Cand E, Reg =_ReD
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10.5 FLOW STRAIGHTENERS

1051 General

It should be noted that the discussion on flow strmghteners in the following section is not only apphcable
to differential-type flow meters but applies also to other types.

Flow straighteners are devices installed within a fluid fiow, upstream of a flow meter so as to reduce the
total straight length required for a flow meter to give a predictable performance. They are made into a
spool piece or designed to be clamped between flanges. They are available from some companies which
manufacture flow meters or can be madein any suitable workshop to drawmgs such as those publishedin
IS0 5167.

A flow straightener’s functmn is to d].mu:ush or remove flow distortions and establish a desired flnid
velocity and turbulence distribution.

The nature of the flow straightener’s fluid dynamic charactenstlcs the ]muted information ava:llab]e and
the form in which it is best presented, i.e. many graphs relating to different flow disturbances and flow
meters, do not allow a few simple statements of advice on: "which straighteners to use in which

application.” A few comments only will therefore be made about some of the most commonly used

straighteners, their principal characteristics and areas of use.

In the following, reference is made to the axially symmetrical flow distortion called "swirl". Swirl is
uncommon in rectangnlar conduits but common in conduits of circilar cross section. It is characterized

by cork-screwing of the fluid through the p1pe and thher forwa.rd dlrected ﬂmd velocntles near the p1pe _

wall than at the pipe’s axis.

It can be formed by the flow passing down a pipe which goes through two closely posmoned bends in
different planes. It is the most persistent of all flow disturbances and often propagates over more than
seventy pipe diameters. It causes considerable change in performance of many flow meters.

Non-axially symmetrical flow disturbances, such as are caused by a flow passing around a single bend or
through a gate valve, usually decay to insignificant levels within 15 to 30 pipe diameters.

10.5.2 The installation of flow straighteners

Flow straighteners should be installed so that they completely fill the part of the pipe in which they are

installed, i.e. there should be no gaps around them.

To make flow siraighteners function effectively, they should be placed at a particular minimum distance
upstream of the flow meter it serves.

The exact location depends on the type of flow disturbance to be removed, the location of the source, the
type of straightener and the type of flow meter.

Flow meter manufacturers can of ten quote the particular distance upstream of one of their flow meters at
which a particular type of straightener should be used to remove a particular disturbance, and this
information should normally be used in preference to any other. If such information is not available, the
advice is not to place the trailing edge of a straightener closer than ten pipe diameters upstream of the
flow meter, nor the leading edge of the straightener closer than five pipe diameters downstream of the last
flow disturber.

For orifice plates, Venturis or nozzles to be installed in accordance with ISO 5167 with no additional
uncertainty in their performance (discharge coefficient) see (13.3.3), they must either meet the straight
length of piping requirements (11.4) or be used with either the ISO 5167 specified tube bundle, a
"Sprenkle” straightener or a "Zanker” straightener, located at least 20D downstream of the last flow
disturber and 24D upstream of the flow meter.
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1053 The tube bund]e flow straightener

One of the simplest to make and probably the most commonly used. It comprises a bundle of para]lel
tubes placed axially along the pipe. Fig. 10.1 shows the ISO 5167 specification for such a straightener, but
some manufacturers have their own standard devices which contain fewer tubes.

Important features are that there should be more than six tubes and each tube shou]d be atleast ten times
longer than its diameter. : :

Tube bundle flow straighteners containing a limited number of tubes have predominantly: swirl- -
removing characteristics and do not introduce much pressure drop. As the number of tubes increases,
more general flow conditioning aspects increase but so does the pressure drop. The stra:lghteners are
genera]ly most effective if they create a pressure dmp of about two veloclty heads, i. e pW ,

fT ] | Line pipe

d d=0.2D

' /[ NG ' FLOW

SECTION A-A

Ses note

" Note: In order to decrease the pressure [oss
the entrance of the holes may be
bevelled at 45°

Fig. 10.1 ISO 5167 tube bundle flow straightener -

Apphcatlons of tube bundle ﬂow stra:lghteners are: RN ' o
‘1) 'With turbine meters. Turbine meters are very sensitive to swirl and should unless preceded by avery

long length, e.g. 100 p1pe dlameters of upstream p1pe be used with at least this type of stra.tght-
ener.

2) For any flow metering apphcauon in which strong swirl is ]mown or thought tobe present with-the
possible exception of the application using electromagnetic flow meters Electromagnettc flow
meters are typically insensitive to swirl. ;

10.5.4 Radial vanes

A flow stra.tghtener which can be s1mp1y made from pieces of ﬂat plate.
They are usually made so as to have six or nght passages for the flow and to be atleast two plpE d.tameters
long (Fig. 10 2). : o ‘ : _

Radial vane straighteners have predommanﬂy swul—removmg charactensttcs but, by introducing max-
imum obstruction to the flow near the pipe’s axis, do less to condition the flow in preparation for a fully
developed profile than does a tube bundle. They tend to flatten the flow profile, which can be used to
Linearize flow meters at low Reynolds Numbers. The usual constructions do not introduce much pressure
drop.
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'Fig. 10.2 Radial vane flow straightener

Applications of radial vanes are;

1) For any flow metering application in which the strongly predominant flow distortion that needs
removal is swirl and in which a tube bundle type straightener cannot be mplemented e.g. for
reasons of cost, availability of material, etc. :

2) With vortex meters. There is some evidence that full-bore vortex meters perform more accurately
when presented with a flow from which swirl has been removed with a radial vane flow strmghtener
rather than with a tube bundle. :

10.5.5 The "Sprenkle” flow siraightener

A straightener which is difficult to fabricate. The Sprenkle design is fairly precisely defined (Fig. 10.3)
and variations of it, such as fewer but larger drilled holes per p]ate Or more plates are not usua.lly made
since the de31gn, as it is, has been optmuzed. :

The Sprenkle strzughtener causes a fairly large pressure drop. It is intended as a general-purpose
straightener designed to cater for all types of flow disturbances. It has considerable flow conditioning
properties, ie. prepares the flow to exhibit fu]ly developed flow-like cha:ractensucs fairly rap1d1y
Apphcanons of Sprenkle flow straighteners are:

1) For any flow metering application in which a flow stream is known or thought to be fairly severely

distorted and needs correction over the shortest possible distance before entering the flow

meter,

2) For differential pressure flow meters, particularly those with a large 8 ratio, if the normally reunIed
upstream plPE lengths cannot be prowded for accurate metermg
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 Fig. 103 “Sprenkle’ flow straightener

10.5.6 The "Zanker” flow straightener _7 _ . -

The most complicated to fabricaté_of all the straighteners. For a precisely defined design, see Fig.
The Zanker stfaightener hasbeen designed asa gcneral-pufpose straightener with the aim to compromise
between good flow straightening characteristics for all types of flow distortion and maximuin flow

conditioning performance at as short a distance downstream of the straightener as possible and min- -
imum pressure drop. It introduces a pressure drop of about two velocity heads.

Applications of "Zénkcf’ flow straighteners are:
1} For any flow metering application in which a flow stream is known or thought to be distorted and
needs correction, with the introduction of minimum additional pressure drop, in the shortest
- possible distance before entering the flow meter. : '
2) For differential pressure flow meters, particularly those with a large flow ratio, if the normally

required upstream pipe lengths cannot be provided for accurate metering and only minimum
additional pressure drop due to a straightener can be tolerated.

10.5.7 Reference
ISO 5167
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11.4.1
11.4.2
11.4.3
11.4.4

11.5

11.5.1
11.5.2
11.5.3
11.54
11.5.5
11.5.6
11.5.7
11.5.8

Section 11. ' Flow meter installation and construction

General
Pipe 6ﬁenﬁaﬁon and flow direction

Orientation of the flow meter in relation to the pipe axis
Axial orjentation of differential pressure flow meters
Location of pressure tappings :

Location of the bleed hole in orifice plates

Location of a seg;mental orifice

Location of differential pressure transmitters

Axial orientation of Pitot tubes

Stralght length requlrements

General

Minimum length required for the orifice or nozzle flow meter
Minimum length required for a Venturi flow meter
Reference

Locally fabricated orifice meter runs
General

The selection of pipe

The preparation of pipes and orifice flanges

~ The preparation of orifice flanges

Fabrication of orifice meter'runs
Measurement and recording of internal dlameter

- Assembling the onﬁce meter un
Reference
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11.1 GENERAL

For a flow meter to perform predictably, i.e. so that the information presented in this handbook is useful
for predicting its performance within narrowly defined uncerta.mty limits (13), three conditions shall be
satisfied simultaneously. The flow meter shall be:

1. Properly made (e.g. as defined by the drawings in this handbook).

2. Used onlyunder certain flow conditions (e.g. see for each flow meter type described in thlS haudbook o

the subsections on "Limitations”).

3. ‘Properly installed (e.g. as described in this section).

Correct installation involves simultaneously satisfying all of the fo]lowi;ng'four points:

1. Installation of the flow meterin a pipein the correct orieutaﬁou, e g vertically orhdﬁzonta]ly and,in
the case of vertical flow lines, ensuring that the flow is in the correct dll'ECthD e.g. up or
down. '

Conversely, the choice of the correct flow meter for a line of given orientation and flow direction
(11.2). :

2. Correct orientation of the flow meter in relation to the pipe axis (11.3).

3. The use of sufficient st:a:ght lengths of pipe, with the same bore as the flow meter, both upstream i
~ and downstream of the flow meter (11.4). '

4. Adequate mechanical support of the flow meter and adequate surroundmg free space to allow of
maintenance and removal of the flow meter.

112 PIPE ORIENTATION AND FLOW DIRECTION

The reason why a particular flow meter should be mounted in a pipe with a particular or preferred
orientation (11.3) is to avoid vapour or solids entrapment in liquid service and liquid entrapment in
vapour or steam service, and/or to avoid undesirable loads on mechanical moving parts of flow meters
susceptible to such loads.

In the following list of flow meters those marked with:

H shall be mounted in horizontal pipes only

V  shall be mounted in vertical pipes only

A may be mounted in pipes of any orientation.

Flow meters should not be inclined unless they can be mounted in any direction.

Preferred orientations are indicated in parentheses. If the requirements of a manufacturer of a particular

- proprietary flow meter differ from those indicated in the following list, the manufacturer s requirements
should be followed.

Corner tapped orifice plate flow meter (with any plate) H

Flange tapped orifice plate flow meter (with any plate) A (pref. V)
Radius tapped orifice plate flow meter (with any plate) A (pref. V)
Venturi tube A (pref. V)
Flow nozzle 4 ‘ A (pref. V)

Pitot tubes (including Pitot Venturis) A
For those flow meters mounted in a vertical pipe it is desirable, but not essential, that a wet gas or
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Fig. 11.1a Wet gas or saturated_ steam - Fig. 1L.1b ‘Vapour-confaining liquid flow

saturated steam flow is downward through the flow meter (Fig. 11. la) anda vapour—eonta:mng hql.ud
flow is upward through the flow meter (Fig. 11.1b). . C

113 ORIENTATION OF THE FLOW METER IN RELATION TO
THE PIPE AXIS

The correct orientation of a flow meter in relation to the pipe’s axis is important in order to avoid vapour
entrapment in liquid service, liquid entrapment in vapour or steam service to ensure self-cleaning action
(if flows are dirty) and, for certain types of flow meter, the avoidance of undesirable loads on mechanical
moving parts.

1131 Axial orientation of differential pressure flow meters

Differential pressure flow meters have an axial orientation determined by the location of the pressure
tappings, position of the vent hole (orifice plates only) and location of the throat/orifice for those flow
meters (most commonly orifice plates) which have eccentric orifices.

11.3.1.1 Location of pressure tappings o -

Corner tapped orifice plate flow meters and flange tapped orifice plate flow meters should have their two
pressure tappings to the differential pressure cell or switch at right angles to allow of free operation of the
isolation valves. All other differential pressure flow meters may have these pressure tappings in the same
plane’ (whrch is preferred) or at nght angles to each other, WhJChEVEI' makes the msta]latlon of 1mpulse
lines easier.

For practical reasons flow meters in honzontal prpes normally have theu' pressure tappmgs at about 45°
to the vertical. No flow meterin a horizontal pipe should have its pressure tappings lower than about 45°
to the vertical in the flow meter’s lower half — to avoid blockage by rust or other heavy extraneous matter
— or above about 45° to the verucal in the upper half — to avoid entrapment of gas or vapour bubblesin
the impulse lines.

Flow meters in horizontal pipes should have their pressure tappmgs above or below the flow meter’s
centre line accordmg to the service and climatic cond.luons as mdreated (F1g 11.2a, 11 2b) The

For hot or cold ciimate: ' - " Top - For clean liquid service
' ' in hot climates only

1. pas service
‘2. steam service
3. Hquid slurry service
{solid more dense than
~ liquid)

For cold climate only:

I. clean liq_uid service _ ) _
Note: Hot climate: sub-zero temperatures never reached
Cold climate: sub-zero temperatures are reached

Fig. 11.2a
Fig. 11.2b
- 145



recommended tapping orientation avoids water settlement out of the fluid and subsequent freezing-up of
the pressure tappings. Other tapping orientations may be chosen avoiding excess settlement, blockage,
freezing-up, etc., when the measured fluid may SO require.

11.3.1.2 " Location of the bleed hole in orifice plates

An orifice plate flow meter in a vertical line should not have ableed hole. (If it does, itis best placed as far
away as possible from pressure tappings).

An orifice plate flow meter in a horizontal line in liquid service should have the orifice plate posmoned
with the bleed hole (if there is one) at the top of the plate.

An orifice plate flow meter in a horizontal line in gas, vapour or steam service should have the orifice -
plate positioned with the bleed hole (if there is one) at the bottom of the plate

If the orifice plate contains a bleed hole it is normally indicated by a stnall marker hole drilled either
above or below the lifting eye. The position of the marker hole relatve to the ]thmg eye corresponds to
the posrtron of the bleed hole relative to the orifice.

Note: Small orifice plates, especially those with a sma]l beta ratio do not normally have bleed
holes. :
11.3.1.3 Lor.'atzon of a segmental orifice

Orifice flow meters with a segmental orifice shall be used on horizontal pipes only and be placed at thc
bottom of the pipe to allow of the easy passage of the secondary phase (Fig.11.3).

Top

Orifice

Fig.113

Bottom

11.3. 1 4 Location of di ifferential pressure transm:tters

To obtam accurate readmgs from dlfferentlal pressure flow meters, itis necessary to msta]l the differ-

ential pressure measuring instrument (i.. the secondary device) and the impulse lines such as to avoid the
possibility of unequal heads of liquid. In liquid service this necessitates avoiding air or vapour blocking,
the impulse lines; in gas service it necessitates preventing liquid from blocking the impulse lines. In
" vapour and steam applications it is assumed that liguid will condense out of the gas phase, so that the
 installation is suitably arranged for the liquid levels in the two impulse lines to be kept the same. This
philosophy of balancing liquid heads within the impulse lines is also used for secondary devices installed
with diaphragm seals, i.e. the liquid level between the sealing liquid and process liquid is kept to the same
level by either diaphragms or pots. It should be realized that ensuring equal heads of liquid in liquid-
filled impulse lines also requires that the liquid inside the impulse lines is of the same density. Difference
in temperature between the lines can result in the liquid inside being of different density and hence,
although of equal level, they can generate a 51gmf1cant difference in hydrostatic head. The problem is
alleviated by keeping impnulse lines short, running them over the same route, clipping them together,
lagging them together and ensuring that the temperature difference over their length is small. '

It is important that impulse lines are self-cleaning, i.e. that gas bubbles migrate continually upward toa
chosen high point and that liquid bubbles and dense solids migrate continually downward to a chosen
low point. This is usually ensured by using impulse lines of atleast 10 mm (3/8”) OD, 1aid over all parts of
their length, with a gradient to the horizontal of at least 1:20. It is desirable to arrange the installation
such that the chosen high and low points can never accumulate the unwanted phase. In doing so this
removes the need for pots, i.e. local enlargement of impulse line diameter, to avoid line blockage, and
avoids the need for venting valves to allow the unwanted, slowly produced accumulations to be released
and also the need for regular manual attention to release the accumulation.

146




Following Fig. 11.4 shows a typical impulse ]jﬁe arrangement for orifice meter runs. Figure 11.5 shows a |
typical assembly for manifold and instroment. -

- Mounting plate

Test/ connection box

Transmitter
o 0-FRCA-001 ©
] ]

- Blind (kidney)flanges

Manitald

Mounting support.

147



11.3.2 Axial orientation of Pitot tubes (including Pitot Venturi)
A Pitot tube is normally used to determine the velocity profile of a flowing fluid.
Pitot tubes used to obtain a single point velocity measurement as a means of measuring total ﬂbw should

have the Pitot tube positioned such as to minimize the uncertainty resulting from possible flow profile
distortions, and to minimize the length of the Pitot tube projécting into the flow.

Probes which use a separate static pressure tapping, i.e. one which is not included within the probe itself,
should have the static pressure tapping positioned so as to minimize the static pressure head between the
Pitot tube and the static pressure tapping used. For horizontal pipes the static pressure tapping should in
such a case never be mounted on top or bottom of the line, L

114 STRAIGHT LENGTH REQUIREMENTS

114.1 General

The minimum straight length requirements Ly, Ly, and Ly, between various fittings located upstream
or downstream of the primary device are given in Table 11.4.2 for the orifice plates and nozzles and in
Table 11.4.3 for Ventur flow meters. . N ' :
These straight length requirements are in accordance with ISO 5167.

2nd upstream 1st upstream ' 15t downstream
fitting fitting - ) Flowmeter fitting

..].;Luz—bl " | _.Lu1 FI I* _. Lp1 —>

Fig. 11.4.1

Ly; = distance between flow meter and first upstream fitting _
Ly, = distance between first upstream fitting and second upstream fitting
Lpy = distance between flow meter and first downstream fitting '

All straight lengths are expressed as multiples of the diameter D. ‘They shall be measured from the
upstream face of the primary device. S T

The unbracketed values are “zero additional uncertainty” values.
The bracketed values are "+ 0.5% additional uncertainty” values.

The performance of orifice flow meters is greatly affected when not preé;anted with a fully developed flow
pattern specifically in the high £ ratios. . . : . :

It is strongly recommended to apply the figui:es corresponding to a B ratio of 0.7 thus obtaining the
maximum flexibility in changing the orifice size at any time without affecting the zero additional
uncertainty, - ‘ -
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11.4.2 " Minimum length required for the orifice or nozzle flow meter

Eu Luz

Nature of first
upstream fitting : _ : :
. : B ratio of the orifice or nozzle Flow meter *. .| For.all

02 025 03 035 04 045 - 05 055 06 065 07 075 0.8 |Bratios
Single 90° bend or tee 10 10 10 12 14 14 14 16 18 22 28 36 46 | 14
flow from only.one branch ® ® ©® @& O - O O @ O (1) Q49 (18 (23|
Two or more close 90° bends 14 14 16 16 -18 I8 20. 22 26 ‘32 36 42 SO 18
(radivs of curvature D) in the M O @& & @ © (10 Jan (13 18 a8 (21) (25
same plane : 7
Twoormoreclose 90°bends = | 34 34 34 36 . 36 38 40 44 48 54 6 70 0 | 731
{radius of curvature D) in am an an (18 (18) (19 (@0) (22) (24) @70 (1) (35 @0 | . -
different planes .
Reducer 2D to D over a length 5.5 5.5 5 5 6§ 8 9 11 14 2 30| 7
of 3D : : () ® G e M ay a5 .
Bxpander 0.5D to D over a . 16 16 16 16 16 17 18 20 22 25 30 38 54| 15
length of 1.5D ' ® @ @& @ & & @ (0 q g3 @@ 9 eCn) o
Glabe valve 18 18 18 .18 20 20 22 24 .26 28 32 36 44 | 16
(completely open) G & ® & @ a9 a4y a4z (13 @ a1 98
Gate valve 12 12 12 12 12 12 12 14 . 14 16 20 24 30 10
(completely open) - ® ®©® © ©& © ©® @ O O @ A (@2 15
Abrupt symmetrical reduction - 30 30 30 30 .30 30 30 .30 30 30 30 30 . 30 15 .
from 2D to D ' (15 (3 15 -5 (15 5 (5 (15 (15 (15 a5 (15 (15) :
Thermometer pocket 5 5 5 5 5 5 5 5.5 5.5 5 5 3
dia. 0.3D @ @6 60 @ @ 6 -6 @0 @ JON
Thermometer pocket 20 20 20 20 22 20 20 2 20 2 20 2 2| 10
dia. 0.03D to 0.13D (10) (0 (10) (10) (10) (10) (10) (1) (10) (10) (W (10) 0| . .
Open space or large vessel, 30 30 30 30 30 30 30 30 30 30 30 30 30 |30Ly . .
eg, tank .

Lpi

For all above-mentioned 4 4 5 5. 6 6 6 6 7 7 7. B 8
fittings @ @ 2HaE) @ @ B G CHEHEH @D @

- All straight Tengths are expressed in multiples of the diameter D.
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11.4.3 Minimum length for a Veniuri flow meter

Ly Lyz
Nature of first — '
upstream fitting
: B ratio of the Venturi flow meter For all
03 035 04 045 0.5 0355 06 065 07 075 |Bratios
Single 90° short radius bend 05 0.5 0.5 e 15 025 3.0 4.0 40 45 14
radius of curvature D ' * o ks * {05 05 ©5 0 (1% @0 @G0
Note: 1 o ' C : : S _
Two or more close 90° beads - 1.5 15 1.5 1.5 25 - 25 3.5 45 45 45 18
(radius of curvature D) in the {5 (@3 (@5 (@©5 (5 (15 @5 @5 2% @39 '
Note: 1 _

. Two or more close 90° bends 0.5 (0.5 (05 (0.5 (85 (125 (17.5) (235 (275 (295 31
(radivs of curvature D) in : S o : R ’ e :
different planes
Notes: 1,2 _

Reducer 3D to D over a {0.5) 15 2.5 4.5 55 6.5 85 9.5 105 115 7
lenpth of 3.5D - oY (0.8 (05) 0 (0.5 (05 (05 (05 (1.5 25 (3.5
Expander 0.75D to D overa | L5 1.5 1.5 2.5 25 35 35 4.5 55 65 15
lenpthof D - o 05 @5 @5 @0 (15 (15 (15 (25 @5 @45
Gate valve . 115 25 25 35 35 45 45 45 55 55 |10
(completely open) 05 @3 03 (@3 (15 @5 @5 @5 @5 @639 _
Abrupt symmetl:lcal ‘ v unknown <30 30 30 - 30 30 30 15
reduction o ' (15) (15) (15 1% (@135 . (15
Thermometer pocket : . 5 i 5 5 5 5 5 5 5 5 5 3
dia. 0.03D - @ @ 6 & e e e 0 |
Thermometer pocket S 20 20 20 20 20 20 20 20 20 20 | 10
dia, 0.03D t0 0.13D } (0 (o Qo @@ qo @ Qo (10 {10 (0
Open space or large vessel, 30 30 - 30 30 30 30 30 30 30 30 |30Ly;
e, tank S I . . A _ : : :

| W
For all above-mentmned 4 4 4 4 4 4 4 4 4 4

Notes: 1} The radi_us of curvature of the bead shall be equal to or greater than the pipe diameter.

2) As the effect of these fittings may still be present after 40 D, no unbracketed values can be given in the table.

*) Since no fitting can be placed closer than 0.5 D to the upstream pressure tapping in the Ventur tube, the "zero

additional uncertainty” value is anly applicabie in this distance.

All straight lengths are expressed in multiples of the diameter D.

11.44 Reference
IS0 5167.

150




11.5 LOCALLY FABRICATED ORIFICE METER RUNS

11.5.1 General

~ For meter runs with a longer upstream straight length requirement than 6 metres (typically for lines
> DN 300), it becomes impracticable to have prefabncated meter runs (10. 1) in view of transportaﬁon
problems. . '

Note that a meter run comprises a specially selected pipe length carefu]ly attached to onﬁce ﬂanges The
meter run is made as long as possible within the confines of practical fabrication methods and han-
dleability. It may or may not be long enough to fulfil the full straight length requirements (11.4). If itis
not, a normal pipe quality joint is made between its own flanged ends and appropriate straight lengths of
normal, not specially selected, plant pipe. Because the meter run includes the orifice flanges, certazn
aspects of these ﬂanges must be eons1dered part of the prpe SpEC].fJ.Cﬂ.thll. -

11.5.2 'The selection of pipe

A length of pipe to be used for the fabrication of the orifice meter run shall comply with the fol]owang
requirements.

1. The pipe shall be a non-jointed, standard, random pipe length, typically about 6 metres long. It shall
be of the required size, schedule and material and shall be straight and smooth by visual inspec-
tion. = PR : S : C

2. For the.upstreampipe any two measurements of the inside diameter of the pipe end which 1s.t0 be
welded to the upstream orifice ﬂange shall not differ by more than 1% or 2 mm, whichever is the
smaller.

For the downstream pipe any two measerements of the inside dia'.meter' of the pipe end Which istobe -
welded to the downstream onhce ﬂange shall not dJ.t'fer by more than 2% or 4 mm, whlchever is the :
smaller. ' : -

The mean diameter of the pipe to be welded to the downstream enﬁce flange shall not differ bymore' _
than 2.5% from the mean diameter of the p1pe end which is to be welded to the upstream onﬁce
flange.

For comphance with these requirements it may be convenient to take both the upstream and the
downstream pipes from one pipe length, Alternatlvely, two separate p1pes which also comply with the
above requirements may be selected.

11.5.3 The preparation of pipes and orifice flanges

1. Select pipein accordance with (11.5.2) and cut this to the required length (11.4), if appropriate. If the
straight length as specified in Table 11.4.2 is longer than the approximately 6 metres of the selected
length, the full (6 m) selected length is used as part of the meter run.

2. Prepare each pipe at both ends for butt welding in accordance with AN SI B16.25.

3. Measure the inside diameter at both ends of each pipe. At each pipe end measure four inside
diameters spaced at approximately equal angles to each-other, with an accuracy of 0.1%, and
calculate the mean inside diameter of each end. The measurements shall be done i in one circular
plane not more than one pipe diameter away from the pipe end.

4. Selecting the pipe ends for welding to the ﬂanges

- Select for welding to the upstream ﬂange that end of the prepared upstream p1pe wh1c-h is nearest to
complete roundness.
Mark the selected end with its mean inside diameter and the relevant mstrument tag number
- followed by the letter (F). : :
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Select for welding to the downstream flange that end of the prepared downstream pipe which has a
- mean ingide diameter nearest to the mean inside dlameter of the selected end of the upstream

length.

Mark the selected end with its mean inside diameter and the relevant instrument tag number
followed by the letter (L). -

11.5, 4 The preparahon of orifice ﬂanges

Orifice flanges according to the drawmgs given m t]ns handbook shall be prepa.red for attachment to

these lengths of p1pe as fo]lows

1.  Mark one onﬁce ﬂange for upstream use w1th tbe relevant instrument tag number followed by the

letter (H) and machine the bore to the calculated mean dlameter of the selected end of the upstream

pipe, within a tolerance of * 0.2 mm.

2. Mark the other orifice ﬂange for downstream use with the relevant instrument tag number followed
by the letter (L) and machine the bore to the calculated mean diameter of the selected end of the
downstream pipe, within a tolerance of = 0.2 mm.

3. After machining, the holes for the pressure tappings in both flanges shall be sharp and free from
burrs.

11.55 Fabncataon of orifice meter runs
For the correct ahgnment of flanpes and pipe, a trestle as shownm Fig. 1 1. 6 or Flg 11.7or the eqmvalent
is recommen_d_ed The_ fabrication of the__meter run shounld then take place in the following sequence.
1. Start at the Iongest part of the trestle.
2. Place the upstream p1pe on the ahgnmg trestle wrth the marked end at location (H)

Place the upstream orifice flange in front of the upstream pipe (at the marked end) wrth the flange
bore as flush as possible with the inside of the pipe at all points, i.e. concentric, and w1th the
pressure. tappmg as shown on the relevant isometric drawmg :

4. Lrghtly tack-weld the flange to the p1pe at two diametrically opposed pomts in the honzontal
plane.

- 5. Repeat steps 2, 3 and 4 for the downstream plpe and orifice flange except that tack weldmg shall
now be in the verhcal plane.

6. Bolt the upstream and downstream flanges together with the tappings in the correct posmon as
‘shown on the relevant isometric drawing, :

7. Ensure that the meter run lies fully supported along its whole length by the trestle.
Complete the tack welding and disconnect the flanges. ‘

9. Weld the flanges to the pipe as prescnbed for the relevant materlal w1thweld metal fully penetrated
on the inside. .

10. Make a smooth internal transition between flange and pipe by carefully gnndmg away weldmg
beads without unnecessary removal of material. -

11.5.6 Measurement and recording of mtemal dmmeter

After the fabrication of the orifice meter run, at least two measurements shall be made of the ms1de_

diameter of the upstrearn flange.

The measurements of the diameter shall beat approx]mately equal angles to each other and be taken near
to the front face of the flange. :
Each measurement shall be accurate to better than 0. l%
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From the above measurements the mean d1ameter shafl be calculated expressed in mm and recorded (by
“the instrument eng;meer) :

The mean diameter of the upstream flange as determined above and the current year shall be stamped on
the rim of the upstream flange, near the pressu_te tappmg as in the following typical example:
D = 250.1 mm (1985). ' - L

11.5.7 Assemblmg the onflce meter run -

The upstream and downstream pieces of the onf1ce meter run shall be bolted together with the spec:fled
stud bolts, nuts, spiral-wound gaskets, the correct spacer in place and with the pressure tappings in the
correct position.

Before welding the orifice meter run into the piping system, the pressore tappings shall be completed
with the components of the assembly group, as specified on the relevant isometric drawing,

11.5.8 Reference
ANSIB 16.25
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To be cut after structural
parts are welded together

’/500\ 600

5O _ 50 50 g 20
: —- A
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g T —— o e b
: 100 X 50 channe! IR {8 ]
: 200 X 75 channsl b | see notes ‘ X :
L
T i R
2600 A
o L.

Notes: 1) Dimensions in mm
2) The trestle pipe support to
be straight by visual
inspection
3) The letters (H) and (L) are
for reference only

00
SECTION A-A

Fig. 11.6 Typical aligning trestle for nominal pipe size DN 150 and smaller
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(H) [(R]
588 notes |
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: |
I 200 x 756 channel [ i
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Notes: 1) Weld structural parts rigidly
together with alignment such
that pipe pieces laid in the
trestle will always be coaxial

2} Dimensions in mm

3) The trestle pipe support to
be straight by visual
inspection

4) The letters (H) and (L) are
for reference only

Fig. 11.7 Typical aligning trestle for
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nominal pipe size DN 200 and larger.
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12.1 THE PRINCIPLE OFDIFFERENTIAL PRESSURE FLOW MEASUREMENT

12.1.1 The basic flow meter
An orifice flow meter is baSic'ally of a design as shown in Fig. 12.1.

Orifice plate

Impulse lines

Fluid flow |
Fluid flo Differential pressure

measuring instrument

Fig. 121 Basic design of a ﬂow meter

A thin metal plate with an orifice, the onfzce plate, is mounted in a pipe perpendicular to the fluid flow.
The orifice plate is usually held in position by clamping it with gaskets between two pipe flanges or, in the
case of some commercial equipment, held in place by a specially designed ring or box.

As fluid passes along the pipe and through the orifice, the mean pressure within the fluid in the region of
the plate assumes a characteristic form. This is roughly as shown in Fig. 12.2 at the pipe wall, where the
pressure measurements for orifice flow metering are always obtained.

 Orifice plate Pipe _
= P — -
—~i_J__ . I; _ Pipe bore
: —_— - : : . |" {internal diameter)

This negative |
gradient reflects
the pressure loss
as the fluid flows
along the straight.
pipe

| This increase in pressure is caused

by the impact of the fiuid against
| *. the obstruction of the orifice plate
|

' - . Nett pressure loss caused
by lntrcducmg the orifice
plate into the Iength of

straight p[pe

- Pressure : e

I * _
do 0 P

1
[
I
I
!

!
|
|
I
I
|
!
|
I

s

I- D-J*Di'{ Positian
Location of the A \ l.ocation of the vena contracta, the
orifice plate positign of minimum pressure

Fig. 12.2. Pressure drop across an orifice plate. ,
157



A pressure measuring instrument is used to measure the differential pressure between a point at the
inside surface of the pipe wall slightly upstream of the orifice and one slightly downstream of the orifice.
The differential pressure across the plate is a function of mean flow rate through the orifice and hence by
measuring the differential pressure across the orifice plate the related flow rate can be derived.

The differential pressure measuring instrument across the orifice plate acts as a transducer and either
displays the change in differential pressure as the movemeut of pen or pointer or transmits it as an
instrument signal.

The instrument signal can be a voltage or current, frequency or digital code, etc., provided that the
relationship between the differential pressure and the signal is known.

12.1.2 Deﬁving the mass flow rate

Ignoring energy losses, the fluid can be attributed a fixed amount of total energy, part of which is
potential energy stored as fluid pressure and part is kinetic energy stored as fluid velocity. The fluid
travels with greater velocity and hence has greater kinetic energy in the orifice than in the unrestricted

pipe. This greater kinetic energy is at the expense of potential energy, since the total energy is practically

constant, and thus the pressure is lower at the crifice than in the upstream pipe.

The minimum pressure is slightly downstream of the orifice piate because the fluid squirts through the
orifice in a jet which continues to contract to a minimum cross-sectional area, the vena contracta, at a
point slightly downstream of the onﬁce plate before expanding in the unrestricted downstream
pipe.

The differential pressure "dp across the orifice p]ate correspoudmg to a mass flow rate g, can be
ca]culated using Bernoulli’s equation, to be:

7 D2 o
f?’_ 4- 109 \/D4 @ V2 105Pdp @

which, sunphfled by wnhng d/ D = f gives:

= 3 512 1074

For orifice plates equation (i) is a poor descnphon of behawour, mainly because the minimum
_ " - ‘
cross-sectional area of the flow is not Eg— at the orifice, as.assumed in the derivation of the above, but

about 35% Jéss at the vena contracta. Making a rough allowance for ﬂ:llS extra contractlon by multiplying
the above coefficient by 1 — 0.35 = 0.65 gives:

m = 22810~ ——=—== /pdp DR (iif)
w]uch for any simple, concentnc onﬁce plate flow meter using tappings near the plate, will give an

answer correct to approximately £ 10%. This is a useful approximation as an initial rough estimation of
the flow rate when starting iterative calculations.

The reason equation (iif) is not more accurate is that its derivation does not take account of energy losses,
changes in fluid density, orifice profile, exact size and location of pressure tappings, detailed flow
pattern, pipe roughness, etc., all of which play a role in determining the exact relationship between flow
rate and differential pressure. The influence of these factors is complicated and they need experimental
determination. However, calibration of standard primary devices by means of liquids has shown that the
discharge coefficient depends, for a given device in a given installation, on the Reynolds Number
only.

By standardizing on a few significant features, e.g. orifice profile and pressure tapping locatlons etc.,
sufficiently accurate empirical equations can be obtained.

It is the description of these standardized orifice flow metering arrangements and equatlons that forms
the majority of information presented in this handbook. It allows flow rates to be calculated to an
accuracy of about +0.8% of reading, provided that the differential pressure measuring instrument is
sufficiently accurate. '
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1213 Basac practlcal deSIgns of the pnmanes

Thé most common practlcal demgn of an orifice p]ate flow meter features an onﬁce plate clamped w1th
gaskets between two pipe flanges. In practice, the pressure from upstream and downstream of the orifice
plate is taken in different configurations referred to as corner tappmgs flange tappings and rachus
tappings, as shown in F1gs 12.3a, b and ¢ respectively.

Pressure tappings

A

et
T —F Flow pipe
11
1 : 3
Flow - Orifice | plate
D aE o The pressure tappings take the pres-
‘ Z C sure directly upstream and down-

ANANAANNNANAR NN NEANN NN stream of the orifice plate.

Fig. 12.3a  Orifice flow meter primary with corner tappings

254 mm 25.4 mm
]

et
T
|

Y

L |

.\\\\\\\\\\\ S
r T : , : Take the pressure 25.4 mm from the
D Flow Orifice | plate nearest face of the orifice plate. Hence,
* - . in practice, the tappings pass straight
l_ 7 ( thirough the flanges which clamp the
) orifice plate.

"Fig. 12.3b Orifice flow meter primary with flange tappings

het——t] ot
n’l 2 ' Pipe
| il
_ H NNNNNNANNNH A
| 2 _
D Flow Orifice / plate The upstream and downstream pres-
Nl ©+ - sure tappings are placed at distances D
‘ 7/ ( and D/2 respectively, measured from

. the upstream face of  the orifice
plate. ' '

Fig. 12.3¢ Orifice flow meter primary with radius tappings
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Orifice plates with three different upstream profiles, called square edge, quarter of circle and conical
entrance, are widely used. Figs. 12.4a, b and ¢ below show the profiles of these three types of orifice plates
and the recommended shaping of the identification tab which enables them to be readily identified even
when they are installed. - T TR "

ldentification mark

Square - QOrifice upstream profile Orifice upstream profile
corner is square edged is square edged
of tab

NLLLL 77 A N 777 A
Thin plate profile Thick plate profile

Fig. 1242 Square edge orifice plate, S” Type

Identificat_io_n mark

Rounded Orifice upstream profile Orifice upstream profile

P corner is a quarter of a circle is a quarter of a circle
oftb . YT
Flow 4
N7/ 777 X ZZ7ZLZ77A
" Thin plats, Thick plate, - L
large orifice profile , small orifice profile _

Fig. 12.4b Quarter of circle orifice plate, Q" Type

Identification mark

Chamfered Qrifice upstream profile

corner _ _ o o s acone

of tab YLl S S Al A
Flow >

\ ViV / AN
Fig. 12.4c  Conical entrance plate, "C" Type |

12.1.3 The range of general applications

Orifice flow meters can be used for metering the flow of gases, vapours or liquids which are non-abrasive
and non-corrosive for the materials from which the instrument is made, provided the fluid flow shall be
within certain Reynolds Number limits. Experiments suggest that there is no fundamental upper pipe
size limit for which the technique can be used, but limited data for the larger sizes sometimes preclude
general use. :

There is a minimum pipe size limit which is imposed by a combination of negative effects.
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For industrial applications the minimum pipe size limit is often governed by practical manufacturing
and installation tolerances. It is partly for this reason that the ISO 5167 does not specify square edge
orifice flow meters for a pipe with a bore of less than 50 mm.

- If an orifice flow meter for a pipe size smaller than 50 mmis used, it results inl amuch larger uncertmntym

its flow metering accuracy than calculated from its dimensions. These flow meters can perform accu- |

rately and be fairly linear after square root extraction, if carefully made and individually calibrated, but
their calibration is very sensitive to minute changes in the absolute dimensions of their internal parts —
caused for example by erosion and corrosmn They norma]ly need to be recahbrated a.fter each
(re)assembly : :
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122 ORIFICE PLATE DESIGNS

12.2.1 General

In this section reference is made to ISC 516’7r BS 1042 (1981), BS 1042 (1964) and ASME (1971) as
appropriate.

Both ISQ 5167 and BS 1042 (1981) specxfy 1dent1ca1 reqmrements for the des1gn of square edge onﬁce ;

plates, without allowance for a bleed hole.

ASME (1971) specifies requirements for the design of eccentric OIlflCE plates, also w1thout allowance for . |

a bleed hole. BS 1042 (1964) specifies quarter of circle and conical entrance orifice plates with allowance
for a bleed hole.

The orifice plate designs are made to suit flanges using spiral-wound gaskets fitted in DN 15 to DN 600
pipes. The designs for DN 15 to DN 40 pipes are to fit the orifice flanges of Fig, 10.1.9. The designs for
DN 50 to DN 600 pipes are to fit the corner tapped orifice flanges of Fig. 3.2.9 or the flange tapped
flanpes of Fig. 3.1.9. The DN 200 to DN 600 plates will fit ANSI B16.5 pipe flanges for use with radivs
tappings. In all cases, if the plates are stainless steel 316 and the flanges of low alloy carbon steel the
plates can be used up to 450 °C and a maximum differential pressure of 2 bar.

Orifice plates of sizes DN 50 to DN 600 should have a bleed hole if mounted in horizontal pipes. The
presence of the bleed hole introduces an extra uncertainty in flow measurement because of the uncer-
tainty of flow through it. BS 1042 (1964) defines this as equivalent to 100% of the estimated flow through
the bleed hole. In accordance with this and BS 1042 (1964) computational methods, this extra uncer-
tainty is defined as:

, _
- 55 [BLD] % of measured flow

in which: D = the pipe bore (schedule number allowed for)

y = the bleed hole diameter
and should be added anthmehca]ly to the flow meter's basic uncertainty when a bleed hole is
applied. .

Because of tolerances and the standardization of a bleed hole position for pipes of different schedule
number, the bleed hole can be located between approximately 0.01D to 0.1D from the inner wall of the
pipe. This can result in an almost 0.1D height of liquid or gas (the second phase) accumulation between
pipe wall and bleed hole, so that effectively the pipe does not "run full” as required by ISO 5167.

" The extra uncertainty becomes larger for smaller pipe diameters, therefore orifice plates for pipes << DN
50 shall not contain a drain hole in order to avoid the introduction of an extra unacceptable uncer-
tainty.

Horizontally installed orifice flow meters in liquid applications unavoidably have a gas pocket intro-
duced when first assembled. This pocket initially bleeds through the orifice plate’s bleed hole until it is of
a size bounded by bleed hole and pipe wall. Thereafter the pocket compresses under the influence of pipe
pressure. In some orifice flow metering installations second phase accumulations extending from pipe
wall to bleed hole will still occur, even after the fluid medium is stabilized.

Because the presence of a second phase accumulation and-its volume are very dependent on a flow
meter’s operational and installation condition, the effect is not calculable and hence in general ignored as
contributory to the basic uncertainty in flow measurement. It should be realized however that an extra
uncertainty will exist in many circumstances.

For the orifice plate designs given in this handbook, e.g. (3.1.8), the orifice seating area has a surface
finish suitable for spiral-wound gaskets.

Note that if an orifice plate is used with radius tapped orifice flanges with compressed asbestos fibre
(CAF) gaskets, the plate’s gasket seating area must have a stock finish.
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12.2.2 Square edge orifice plates
12.2.2.1 IS0 5167 design requirements

The ISO 5167 design requirements are comprehensive and cannot be summarized for quick reference,
without loss of accuracy. Therefore these are not included in the handbook, for details see section 7.1 of
ISO 5167. S . e L

12.2.2.2 - Recommended design

For pipes up to DN 600, the recommended deéign for the square edge orifice plates is given in
(3.1.8). ' '

For pipes larger than DN 600, no recommended design is given.
The same holds for ring-type joint (RTJ) orifice flanges.

12.2.2.3 Explanation of and camrﬁent;s Q'ri fhi_? recommended design and its felatian_ to IS0 51 67 )
1) Orifice plates for pipes << DN 50

Provided that the beta ratio and orifice diameter of the square edge orifice plate fall within the ISO
5167 limits, the design of the orifice plates for the nominally DN 15, DN 20, DN 25 and DN 40 pipe
meets the ISO 5167 requirements on all points except for thickness and edge sharpness. The plates
are made 1.5 mm thick, so that the orifice flanges made for these small sizes tighten on to the orifice
plate and not on to the centering ring. For these small diameter plates, 1.5 mm is much thicker than
allowed of by ISO 5167. ' ) '

The effect of the greater thickness is a shift in position of the downstream pressure tapping with
respect to the metering edge of the orifice. However, considering this shift with respect to differences
in tapping position between the flange and corner tapped orificé plate and their discharge coeffi-
cient, suggests that the extra uncertainty is negligible. '

Good machining methods can produce an orifice "sharp edge” radius of about 5 micrometres or pm. -
This is greater than the maximum 0.0004 d allowed of by ISO 5167 if the orifice diameter is smaller
than 12.5 mm, i.e. if the beta ratios are less than 0.8 for DN 15, 0.74 for DN 20,0.6 for DN 25, and 0.4
for DN 40 pipes. _— .

A rounded "sharp edge” will result in an increase of the flow meter’s discharge coefficient. However, a
slightly raised "wire-like” edge is as likely and will produce the opposite flow metering effect. The
additional uncertainty can be approximated by an equation for all beta ratios, and should be added
to the basic uncertainty of the flow coefficient (i.e. 0.6%). '

In total, ignoring second-phase hold-ups, a rough guide for orifice flow meters using orifice plates |

made in accordance with Fig, 3.1.8 is that an uncertainty of =+ 0.3 [1—?12 % shou_]d be added to
the basic uncertainty to account for deficiencies of the edge sharpness.

2) Orifice plates for pipes = DN 50

The designs for orifice plates for DN 50 to DN 600 sizes meet ISO 5167 requirements on all points,
except perhaps “sharp edge” specification for beta ratios less than 0:3 in DN 50 sizes, provided that
they do not contain a bleed hole. If they contain a bleed hole they still meet BS 1042 (1964)
requirements. . -

The accumulation of t]1t=T second phase (e.g. liquid in gas) affects the flow meter’s velocity of
approach factor (1 — 842 Accumulation up to the depth of the bleed hole may affect this term, and
hence flow metering accuracy, by up to 20% for large beta ratios. For smaller accumulations and/or
smaller beta ratios the effect will be less. Second-phase accumulations will make the flow meter read

lower than true. The latter effect is, however, ignored in the uncertainty calculations.
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In total, ignoring second-phase hold-ups, a rough guide for orifice flow meters usmg orifice plates

made in accordance with Fig, 3.1.8 is that an uncertainty of — 55 [ ] % should be added to the

basic uncertamty, if a bleed hole is used (12 2.1).

It should be noted that the plate tlne]cness of the square edge orifice plate as per Fig, 3.1. 8 isa
calculated figure.

If a thickness is chosen for the orifice plate of a material with a standard commercial plate thickness,
the thickness of the orifice plate shall be less than 0.05D.

12.2.3 Quarter of circle orifice plates
12.2.3.1 BS 1042 (1964) design requirements

ISO 5167 and BS 1042 (1981) do not specify quarter of circle orifice plates, therefore designs recom- -

mended in this handbook are based on the specification given by BS 1042 (1964).

The BS 1042 (1964) requirements are comprehenswe For dEtﬂ.ﬂS see clause 74 and F1gs 43 and 44 of BS
1042 (1964).

For the design of the plate, the fo]lowmg applies:

The radius r of the upstream profile shall be not less than 3. 175 mm, and shall lie between 0.101 d and

0.208 d inclusive. Within these limits, the radius r expressed as a fraction of d shall be detemned by the
ratio d/D in accordance with the table given in (4.1.3) within limits of + 0.05 r.

The thickness of the orifice plate shall be not less than 2.54 mm a.nd not exceed 0. 1D

12.2.3.2 Recommended de.s'lgn

The recommended design for quarter of circle on.f1ee plates is given in Fig, 4.1.9.

The thickness "N” of the orifice plates for DN 15 to DN 40 pipes is selected to fit mto the orifice flange
assembly as shown in Fig. 10.1.9. "

The thickness "N” of the orifice plates for DN 50 to DN 600 pipes shall be calculated as follows

= (0.1) (Nominal pipe bore), ta]ong into account the pipe schedule number.

The radius r of the upstream profile is calculated in accordance with Fig. 44 of BS 1042 (1964) Froma

theoretical point of view there are no restrictions for a minimum radius.

12.2.3.3 Explanation af and comments on the recommended deszgn and its relation to BS 1 042 (1964)

Provided that the beta ratio and orifice diameter of the quarter of circle orifice plate fall within the BS
1042 (1964) limits, the orifice plates will meet the BS 1042 (1964) requirements on all points except that
they might be slightly thicker than 0.1D because the plate thickness is based on the nominal pipe bore
instead of the actual internal diameter. This deviation is of minor importance and hence it is ignored in
the uncertainty estimates.

Because of tolerances and the standardization of bleed hole position for pipes of different schedule
number, the bleed hole can range from about 0.02D to 0.2D fromi the inner wall of the pipe. This can
result in almost 0.2D of second-phase accumulation (gas or liquid) between pipe wall and bleed hole, so
that effectively the pipe does not "run full” as required by BS 1042 (1964). :

The accumulation of this second-phase affects both the effective cross-sectional area of the flow at the

upstream pressure tapping and the fluid’s velocity of approach factor (1 — ﬁ‘*)"’l Because the maximum
beta ratio for a quarter of circle orifice plate is limited to 0.6, the second-phase accumulations are never
likely to affect flow metering accuracy by more than 5%. This effect is ignored in the calculations for the
uncertainty. . .
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In summing up, ignoring second-phase hold-ups, a rough guide is that orifice flow meters using orifice _

plates made in accordance with Fig. 4.1.9 should have ~ 55 [ d] % extra uncertainty added arithme- |

tcally to the basm uncertamty of the ﬂow coefﬁment because of ﬂow through the b}eed hole :
(12.2.1). , & o o

1224 Conical entrance orifice plates
12.2.41 BS 1042 (1964) design requirements

ISO 5167 and BS 1042 (198 1} donot SpEley conical entrance orifice plates, therefore the demgns in thls
 handbook are based on the specification given by BS 1042 (1964). .

The BS 1042 (1964) requements are comprehenswe and can be found in clause 69 and F1g 42 of this
standard.

_ 12.2.4.2 " Recommended design _
The recommended design for conical entrance orifice plates is given in Fig. 4.2.9.

The thickness "N of the orifice plates for DN 15 to DN 40 pipesis givenin Fig. 4.2.9. The thickness"N” of
the orifice plates for DN 50 to DN 600 shall be calculated as follows: - :

= (0.1) (Nominal plpE bore), taking into account the pipe schedu]e number

12.2.4.3 Explanation af and comments on the recommended design and its relation to BS 1042 (1964)

Provided that the beta ratio and orifice diameter of the comcal entrance plate fall within the BS 1042
(1964) limits, the orifice plates will meet the BS 1042 (1964) IEqmrements on all points except that they
. might be slightly thicker than 0.1D because the plate thickness is based on the nominal plpe boreinstead
of the actual internal diameter. This deviation is of minor importance and hence it is 1gnored in the -
uncertainty estimates.

A second-phase accumulation af_fects both the effective cross- secnonal area of the flow at the upstream
pressure tapping and the fluid’s velocity of approach factor (1 — B4)-% Because the maximum beta ratio
. for aconical entrance orifice plateis limited to 0.316, the second-phase accumulations are never ]Jkely to
affect flow metenng accuracy by more than 5%, provided that there is a bleed hole.

In summing up, ignoring second—phase hold-ups, a rough guide is that OI].EICE ﬂow meters using orifice -

plates made in accordance with Fig. 4.2.9 should have —55 [ d] % extra uncertamty added anthme—

tically to the bas1c uncertamty of the flow coefflclent because of the dram hole (12 2. 1)

12.2.5 References

IS0 5167

BS 1042 (1964)

BS 1042 (1981)

Fluid meters, their Theory and Apphcatlon, ASME (1971)
ANSI B 16.5
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12.3 ORIFICE FLANGE DESIGNS

1231 General

General orifice ﬂange des1gns are intended to meet ISO 5167 requirements for all on.ﬁce plate flow

meters, although the ISO standard applies only to square edge orifice plates.

The ISO standard has been chosen because it is internationally widely recognized.

Moreover it covers, and in some cases is more stringent than BS 1042 (1964) and ASME (1971) for
quarter of circle and conical entrance plates. The practical realization of the recommendation with
regard to geometry, method and operating conditions of ISO 5167, is given in this handbook. It shows
recommended designs, and where the handbook deviates from the ISO standard, the reasons for the
deviation are given. : -

The recommended flange designs covered in this section are those for flange tapped corner tapped and .

radius tapped flanges.

Flanges of the welding neck type are recommended as a sta.uda.rd Therefore, slip-on and rmg—type joint
flanges are not considered.

Radius tappings are considered only for existing installations, where the type of flange has already been
chosen.

The alignment of the orifice plate within the pipe is determined by the location of the orifice plate within

the flange’s bolt circle. To keep the plate as near concentric as possible within the pipe, the plate’s outer
diameter is made as large as possible within the limits allowed by tolerances and differential expansion.
Allowances are made for bolt hole tolerances, bolt tolerances, the number of bolts in the bolt circle —
which affect the way the plate rests — pitch circle diameter tolerances and orifice plate diameter
tolerances. The differential expansion of flange and plate allowed for is based on a stainless steel plate
and low alloy carbon. steeI pipe components up to a temperature of 450 °C.

The result of these con51dera110ns is that at a. temperature T °C an offset of about E

1.70

28 + 600] [45 430 | mm can exist between orifice centre liile and the centre line of the uPstream

and downstream p1pework The actual eccentncrtzes may vary slightly W1th p1pe sme and schedule_

number.

0.005D -
(0.1 +23 8%
ference between the discharge coefficients of the ISO 5167 flange tapped, concentric, square edge orifice
plates and the ASTM flange tapped, eccentric orifice, indicates a rough linear change in discharge

Compérison of the ISO 5167 or_ifice plate ecceﬁtr_icity e, Ccriteria, ie. e, =

coefficient with orifice displacement over the full radius of the pipe. This simple linearity is perhaps

particularly likely to be true for small ISO 5167 allowable displacements near the centre. On this basis,
using the ISO 5167 recommendation when:

. 0.0005D «  0.005D
e e S
0.1+23 89 0.1+ 2.3 8%
the flow meter’s flow coefficient and noting the possible orifice plate eccentricity:

1.70] [450 — T
20+ (0] [P

it can be shown that the extra uncertainty due to orifice plate eccentricity is:

a*x03 % extra uncertajnty shouid be added to ’d:le uncertainty in

+ [28 [258 000 (450 - T)] 0.6+ 13884 %

This formula is based on a stainless steel orifice plate and low alloy carbon steel pipe and flanges for sizes
> DN 50.
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1232 Flange tapped orifice flanges
12.3.2.1 IS0 5167 design requirements
These are covered in the following sections of ISO 5167:

6.5.3 "Location of primary device and rings” .

6.5.4 'Fixing and gaskets”

7.2 "Pressure tappings’

Fig. 3 Spacmg of pressure tappings for orifice plates with D and D/2 or flange tappmgs

12.3.2.2 Recommended design

For pipes DN 50 to DN 600, the recommended design for ﬂange tapped orifice ﬂanges is given in Fig,
3.1.9

This desrg:u is for welding neck rmsed face flanges to fit p1pework of schedule 20 to 160, as givenin Table
14.2.1. '

For pipes smaller than DN 50, the corner tapped flange shall be used only (12.3.3 .2), otherw1se the
maccuracy due to positioning of the tappings becomes too large. :

" Forpipes larger than DN 600, the design for ﬂange tapped flanges could bebased on BS 3381 or AP1605
flanges using spiral-wound gaskets

12.3.2.3 Explanatwn of and comments on the recommended deszgn and its relation to ISO 5167

The de51g;n is suitable for flanges made of carbou steel low alloy steel or stamless steel and htted to

carbon steel, low alloy steel or stainless steel pipework of schedule 20 to 160, with or w1thout corrosion

allowance.

The diameter of the pressure tappings and their position with respect to the orifice plate are within ISO
5167 requirements. Note that the position of each pressure tapping is the sum of the distance between its
centre line and the front of the flange’s raised face, 22.0 mm (-+0.2 mm, —0.0 mm) and the thickness of the
compressed spiral-wound gasket 3.4 £ 0.25 mm. In total this is 25.4 mm (+0.45 mm, —0.25 mm).

The pressure seal is prov1ded by the 3prral~wound gaskets, which typrcally has an inner rmg and outer
ring. :

The rings are 3.2 mm thick and the dmmeter of these standard rings is such that, cons1denug toleranees
on the rings, bolt circle, bolt holes and bolts, it may be so eccentrically posmoned as to protude into the
pipe bore by up to 7% of the bore diameter.

The possible protrusion is partly dependent on p1pe size and schedule number

This gasket protrusion into the pipe affects the flow as if part of the orifice plate. The effective large
discontinuity constitutes an orifice plate non-flatness and vastly exceeds ISO 5167 allowances.

Considering misalignment tolerances, the edge of an orifice with a beta ratio of 0.75 can be within
approximately 0.105 D from the inner wall of the pipe. If a gasket protrudes 0.07 D, the distance between
the edge of the gasket and the orifice throat is only 0.035 D, ie. 3.5 mm on' a 100 mm pipe.

A protrusion on the upstream side will alter the effective position of the upstream pressure tapping with
respect to the orifice plate, the pressure build-up against the plate produced by velocity head and the
profile of the flow through the onf1ce A protrusmn on the dowustream side will probably not greaﬂy
affect flow metering. . : ‘

Asa rough estimate the uncertainty in the flow readmg that w111 be caused by the upstream gasket’s inner
ring on a concentric orifice plate equals *= B4%.

In summing up, orifice flow meters with flauge tappings made in accordance with Fig. 3.1.9 _should have

[ + (353 000] (450 - T)] (0.6 + 13.8 B%) + B* % extra uncertainty added arithmetically to the basic

167



flow coefficient uncertainty, because of practical limitations of the orifice flange des1gn in meetmg ISO
5167 requirements,

12.3.3 Corner tapped orifice flanges
12.3.3.1 IS0 5167 design requiremenis
These are covered in the following sections of ISO 5167:

6.5.3 "Location of primary device and rings”
6.5.4 'Fixing and gaskets”

7.2  "Pressure tappings’

Fig. 4 "Corner tappings”

12.3.3.2 Recommended design

For pipes smaller than DN 50, the recommended design for corner tapped orifice flanges is given in Fig. -

10.1.9. Pipes smaller than DN 50 are not covered by ISO 5167, but the rules as glven for pipes >DN 50
are followed as closely as possible.

The above des1gn, using welding neck type ﬂanges, isa complete meter run to grve better control over
tolerances on the small dimensions. :

For pipes DN 50 to DN 600, the recommended design for corner tapped orifice flanges is given in F1g
3.2.9.

The demg;n is for weldmg neck type ﬂanges to f1t p1pework of scheduie 20 to 160, see Tab]e 142,

Corner tapped flanges for pipes larger than DN 600 could be based on BS 3381 or API 605 ﬂanges us:ng

spiral-wound gaskets

12.3.3.3 Explanatzan af and comments on the recommended deszgn and its relation to ISO 51 67 and BS -

1042 (1964) : :
1) Comer tapped Ol‘J.fICE flanges for pipes sma]ler than DN 50 F1g 10.1.9

The range of pipe sizes to which the flanges are fitted falls below the specified minimum of ISO 5167,
i.e. those with a bore of 50 mm for the use of square edge orifice plates. A design for 40 mm pipework

is still, as regards the pipe diameter, within BS 1042 (1964) ]Jnnts if used w1th quarter of circle or -

conical entrance orifice plates.

In order to meet the ISO 5167 requirements as closely as poss1b1e the ﬂanges are desrgned with
attached pipework as a meter run and made from stainless steel for better control of tolerances on
the small d.u:nenswns : : : SR

Other non-corrosive material may have to be’ apphed dependmg on the composmon of the ﬂmd '

medium,

The flow meters are made as prefabricated meter runs, rather than just flanges to be attached to
pipework at site, to allow a boring through from flange to pipework.

This establishes a smooth, circular and step-free bore with a clearly defined dimension over more

than the 10 diameters upstream and 5 diameters downstream of the flow meter speclt'ted in ISO

5167/BS 1042 (1964). _ : .
Orifice plate and flange alignment is achleved by using a centenng ring as detaJled in item 8 of Fig.

10.1.9. This design deviates from ISO 5167 requirements on the position tolerances of the orifice

plate.

The practical tolerances governing the position of the orifice plate are such that 0.5 mm can exist |

between the orifice centre line and the centre line of either the upstream or downstream pipework.
This represents an eccentricity of 4.2% D, 2.9% D, 2.4% D or 1.6% D for DN 15, DN 20 DN 325 or
DN 40 nominal diameter pipes respectively. .

An extra uncertainty has to be added to the basic uncertainty as explamed in SECthIl (12 3. 1.
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For a stainless steel meter run and a stainless steel orifice plate, which is recommended asa sta.ndaId .
no temperature effects have to be considered. :
For the small diameter meter runs, the bore limits of the tapping holes as defmed in7.2.4.3 of IS0 .
5167 are too small. o .

By using a greater bore an additional uncertamty has to be added

Therefore an approximation formula of 55/39[%] % has been used to correct the influence of the

tappmg

In summmg up, it is estimated that orifice flow meters made accordmg to F1g 10.1.9 should_
have: ~

+ |2 & (0.6 + 13.8 B9 + 598° [-1—5] v

] % extra uncertainty added arithmetically to the basic flow
coefficient uncertainty owmg to failure of the on.flce flange demgu to meet ISO 5167 reunIe-'

ments.
Corner tapped orifice flanges for pipes DN 50 to DN 600, Fig. 3.2.9

The design is suitable for the flanges to be made from carbon steel, low a]loy steel or stainless steel
and fitted to carbon steel, low alloy steel or stainless steel pipework of schedule 20 to 160, with or
without corrosion allowance.

Toprovidea single pressure tapping right through each flange to the bore, asillustrated by ISO 5167,
is impractical.

To provide a pressure tapping with an annular slot dimensioned as per ISO 5167/BS 1042 (1 964) is
not possible within the free metal available in each flange. Note that the ﬂa.nge designs to ANSI B
16.36, prohibit machining from the ﬂange face into the body of the ﬂange any deeper than 6. 4 mm of
the raised face. The ISO 5167 and BS 1042 annular slot dimensions could be achieved if a carrier ring
were provided, but doing so would require conmderable extra expense and complexity of construc-
tion which is not considered worthwhile.

‘The pressure tapping arrangement used approaches the ISO 5167 and BS 1042 (1964) annular slot
design within the very limited material available in the flange’s raised face. The design is aimed at
being fairly cheap and s:.mple to make, yet not easﬂy fouled or modified by corrosion. :

Since the width of the slot asit brea.ks through into the inside of the ﬂa.nge complies w1th IS0 51 67 it
probably does not cause a cahbratlon shift. The 111:3,det;[ua¢:jyr of the annular slot might produce noisy
signals which, ‘because of exponentlal averaging by the time constant of the impulse lines and the

_differential pressure transmitter, might cause some shght shifts in cahbranon. However, no extra

uncertainty in measurement is attributed to this.

In summmg up, orifice flow meters with corner tappmgs made in accordance w1th Flg 32 8 should

have = [28 [253 000] (450 — T)] (0.6 +13.8 % % extra uncertamty added anthmetlca]ly to the

basic ﬂow coefficient uncertainty, because of failure of the onflce fla.nge design to meet ISO 5167 _
reqm:ements -

12.3.4 Radius tapped orifice flanges

12.3.4.1 IS0 5167 design requirements
The upstream pressure tappmgs shail be at a dlstance D =+ 0.1D from the" upstream face of the onhce

plate.

The downstream pressure tapping sha]l be at a distance 0.5D = 0. 02D from the upstream face of the
orifice plate when beta = 0.6, or 0.5D =+ 0.01D from the upstrea.m face of the orifice plate when beta

> 0.6.
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The centre line of the pressure tapping shall be at a right angle to the pipe centre line.

At the point of breakthrough into the inside of the pipe, the pressure tapping shall be circular. The edges
shall be flush with the internal surface of the pipe wall and be as sharp as possible. To ensure the
elimination of all burrs or wire edges at the inner edge, a minimum rounding shall be permitted but it
shall be kept to less than 10% of the pressure tapping diameter. No irregularity shall appear inside the
connecting hole, on the edges of the hole drilled in the pipe wall, or on the pipe wall close to the pressure

taPng

The upstream and downstream pressure tappmgs shall have the same diameter.

The pressure tappings shall have diameters less than 12 mm, but not smaller than 6 mm.

The pressure tappings shall be cyhndncal over alength of at least 2.5 times the diameter of the tappmg
measured from the inner wall of the pipe.

12.3.4.2 - Recommended design _

There is no drawmg showing a reeommeuded pressure tapping arrangement

Recommended design follows the ISO 5167 requirements referred to above together w1th addmonal
special requirements specified below

1) Inhorizontal pipes the upstream and downstrearn pressure tapp:ngs shall be at the same height with .

regard to the honzonta.l

2) 'Radius tappings shall not be used on pipes smaller than DN 200 if the flanges are of the shp-on
type.

3) Radius tappings shall not be used on pipes smaller than DN 400 if the flanges are of the welding neck
type. | : Lo

4) If the p1pework already contau:ls pipe flanges wl:uch are to be used to hold the orifice plate needs to

be shortened before it can accept the orifice plate and exira gasket it shall be shortened ata plane at

least 4D downstream of the chosen onﬁce plate position.

12.3.4.3 Explanatwn of and comments on the recommended design and its rela_tion to ISO 51 67 _
Whether the orifice plate is held by slip-on or welding neck flanges, the upstream pressure tapping is

located at a distance "a” from the upstream neck of the flange, and the downstream pressure tapping-ata_

distance "b" from the downstream neck of the flange. Since the upstream tapping is at a distance D from
the orifice plate and the downstream tapping at a distance D/2 from the p]ate "b"is always smaller than
_ "a". The minimum pipe sizes on which radius tappmgs can be used in practice is determined by the need to
keep "b"large enough for the weldmg around the pressure tapping nipple not to interfere with the welding
at the end of the flange. For this reason this tapping arrangement can be used only on DN 200 and larger
pipe if slip-on ﬂanges are used and only on DN 400 and larger p1pe if welding nec:k flanges are
nsed. ‘

If the pipe flanges used to hold the orifice plate were sealed with compressed asbestos fibre (CAF)
gaskets before the orifice plate was introduced, it still needs sealing with CAF gaskets at both ends of the
plate when the plate is installed. The maximum gasket thickness of 1 mm needs allowing for when
positioning the pressure tappmgs CAF gaskets do not mterfere w1th the performance of the flow
meter.

It should be noted that the non-shaded area of the orifice plate shall have the same finish as the flangesin
order to allow of the use of CAF gaskets.

If the pipe flanpes used to hold the orifice plate were sealed with Sp]Ial-WOUDd gaskets, a standard orifice

‘plate can be used (3.1.8).

The 3.2 mm thickness of spiral-wound gasket rings needs to be taken into account when considering
posmomng of the pressure tappings. The gasket is positioned by the flange bolt circle. With tolerances on
the ring, bolt circle, bolt holes and bolts the gasket can be so eccentrically postioned that 1t5 inner rmg can
protrude into the pipe bore by up to 7% of the bore diameter (12.3. 2.3).
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Gaskets protruding into the pipe are presented to the flow as if part of the orifice plate. The effective large
discontinuity which they produce on the faces of the orifice plate constltutes onﬁce plate non-
flatness.

A protrusion on the upstream side of the plate alters the effective posmon of the pressure tappmg, but the
tappingis so far upstream of the region of platei impact pressure build-up as to make no difference to the
accuracy of metering. Gaskets protrusion on the downstream s1de of the plate has probably also no
51g;n1frcant effect on metermg accuracy. - '

The close proximity of the inner ring to the Ol‘lflCE will affect metermg It will affect the flow proﬁle asit
passes through the orifice. As a rough estimate the uncertamtym the flow readmg that will be caused by '
spiral-wound gaskets with inner Ting equals * B4%. o

In summing up, orifice flow meters using radius tappmgs as described in secnon (3 3) should have- _

28 .
D

basic flow coefficient uncertainty, because of failure of the design to meet ISO 5167 requirements.

+ 0.7 + [258 000] (450 'I')] (. 6 +13.88H)+ 84 % extra uncertamty added anthruenca]ly tothe -

12.3.5 References

ISO 5167

BS 1042 (1964)

Fluid meters, their Theory arld Apphcatlon ASME (1971)
BS 3381 .

API 605

ANSI B 16.36

171



124 SPECIFICATION OF PIPEWORK UPSTREAM AND DOWNSTREAM THE
FLOW METER

124.1 General |
1SO 5167 specifies that the pipework upstream and downstream of the flow meters should meet certain
conditions of smoothness circularity and consistency of bore diameter and length. The quuuements for

the various types of ISO 5167 ﬂow meters are dlfferent as are the qumrements for BS 1042 (1 964)
types.

The specnﬁcaﬁon of pipe generally used in plants is in certain aspects S0 unpredlctable that achieving
formal flow metering requuements such as those of IS0 5167, is very difficult. However, experience has

shown that adequate metering for a given application can often be achieved by coming close to, but not
quite meeting, the standard requirements. As a consequence, in the interest of cost effectiveness many
flow metering installations are installed of which the straight lengths do not quite meet these conditions
over the whole length.

‘Where necessary, e.g. for custody transfer applications, the full standard reqmrements should of course
be fulfilled accepting the high cost involved in meeting these stringent requirements. =

12.4.2 Pipework specification for orifice flow meters and nozzles
12.4.2.1 ISO 5167 pipework specification

The actual straight length required upstream and downstream of differential pressure flow meters for a
partlcular type of flow meter of given beta ratio, is stated in section (11.4).

The minimum ISO 5167 acceptable conditions of circularity, smoothness and consistency of pipe bore

for the "straight length” pipework installed are given below.

Strictly speaking, the ISO 5167 conditions for orifice plates apply only to the use of square edge types,
but they can be taken as the minimum "ideal requirement” for the use of quarter of circle and conical
entrance plates as well. The reason for this is that ISO 5167, which does not cover quarter of circle and
conical entrance plates, is much more specific in this aspect than BS 1042 (1964). Also in practiceitisnot
unthinkable that any quarter of circle or conical entrance plate may be replaced by a square edge plate at

_a later stage. It is therefore desirable that the pipework shouid meet the requirements of that latter
condition.

The following ISO 5167 rules apply:

1) Thelength of the upstream pipe section adjacent to the orifice plate shall be cylindrical for a length
of at least 2D. '

The pipe is said to be cylindrical when no diameter in any plane differs by more than 0.3% from the
value of D as used in the computation of diameter ratio.

The mean value of D used for computation of diameter ratio is the mean of the internal diameter of
the pipe over a length of 0.5D from of the upstream pressure tapping. The mean diameter D is the
arithmetic mean of the measurements at four diameters at least, distributed in each of at least three
cross sections being at distances 0 D and 0.5D from thie upstream tapping.

2) Beyond 2D from the orifice plate to the upstream limit of the straight length measured from the
orifice plate, (11.4), the pipe can be made of one or more sections, but the following shall be taken
into account:

If a step (h) between any two sections of pipe does not exceed % (0.003 D, the step size is within the
limits of ISO 5167 acceptability, and no "additional” uncertainty in the discharge coefficient (C) has
1o be considered when calculating the overall uncertainty of flow measurement of the flow meter

(i3).
If the step (h) between any two sections exceeds = 0.003 D but is less than or equal to
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0.002D [ 0.1+23p4

upstream pressure tapping, the step size is within the limits of ISO 5167 acceptability, but an
"additional uncertainty” of * 0.2% in the discharge coefficient (C) has to be accounted for when
calculating the overall uncertainty of flow measurement of the flow meter.

"with a maximum of + 0.05 D, where s is the distance of the step. from the

_ If the step (h) is larger than the reqm.rements stated above, the metering mstallatlon is out51de the
limits prescnbed by ISO 5167. (See section 6.5.1.3 of ISO 5167)

3" No dlameter of the downstream stralght length, cons1dered over a length of at least 2D from the
upstream face of the orifice plate, shall differ from the mean bore D by more than * 0.3%. 'Ifhls can
- be judged by the check of a single diameter of the downstream stralght length.

4) The acceptable roughness of the pipe depends on the pressure tapping conﬁgurahon and beta ratlo
of the orifice plate (sections 6.6.2, 7.3.1 and 8.1.6.2 of ISO 5167) ' :

12.4.2.2 The recommended pipework specification

The flanges and pipework, which combined form upstream and downstream the "straight lengths™ of the
flow meter, are usually made from standardized commercially available parts. The standards to which
these parts are made, are produced to fulfill pipe reqm:ements and so specify dimensions much more
loosely than is required for ISO 5167 types of flow meter, in particular orifice flow meters.

Pipes are in general made to the American National Standards Institute (ANSI) for wl:uch depending
slightly on pipe size and class, the tolerance on the reference outside diameter is about £1%, mcludmg
out-of-roundness, and the tolerance on pipe wall thickness is about +15%, —12.5%.

Tolerances of other standards, e.g. DIN, are similar.

From the ANSI specification it is clear that finding a length of pipe that meets the ISO 5167 maximum
out-of-roundness condition of * 0.3% for the orifice flow meters, will involve a long search through
stock. Meeting the ISO 5167 maximum allowable step in the pipe’s inside wall condition appears to be
somewhat easier, since choosing a close to worst case example of 4 inches, schedule 160 pipe, the
maximum step that can occur resulting from the ANSI tolerances is about +4.9%. Such a step is within
ISO 5167 limits if placed far enough away, about 24D upstream, 8§ D downstream, from even the most
step-sensitive orifice plate — a square edge type of 0.8 beta ratio.

The principal difficulty is providing straight lengths with no larger than ISO 5167 acceptable steps in the
- pipe bore, when welding neck flanges are used. The upstream pipe/flange joint occurs in a very sensitive
region where the ISO 5167 specification is highly restrictive because of the close proximity to the orifice
plate and, for flange and corner tappings, the close proximity to the pressure tappings. When radius
tappings are used the downstream pressure tappings are also in a very sensitive pOSltan namely just
downstream of the downstream flange/pipe joint.

If slip-on flanges were to be used, the problem wounld hardly exist because the joint between flange and
pipe only breaks into the bore right up against the orifice plate. However, the location of this joint and
weld prevents the use of corner tappings and in addition in many cases has proved to be potentially
dangerous because of corrosion between flange and pipe cansed by fluid from the pressure tapping where
it breaks through the pipe. Because of this and the desirability of standardizing on the use of welding neck
flanges, slip-on flanges are not promoted and hence not further d1scussed in this handbook

The overall smoothness, or rougbness of ANSI 5pec1f1ed pipe is usually within ISO 5167 specified
limits.

From the above it is evident that making orifice flow meters with straight lengths within the Limits of
circularity and smoothness as specified by ISO 5167 cannot be done from parts randomly selected from
ANSI line pipes and flanges. In general, a compromise has to be made between the cost of a flow meter
and the need for it to be accurate. This compronuse is reﬂected in the recommendatlons as lald down
below '
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The requirements for orifice flow meters fall within one of the following designs, dependmg on pipe size
and apphcatlon :

1) Pipes smalier than DN 50
The pipe specification is governed by the standard spec1f1catlon for the plp].tlg e]ass and matenal
usually ANSI
For a typical assembly of the small- chameter meter run, see (10 1.9).

Orifice flow meters smaller than DN 50 are used only for general appheanons, not for custody
transfer applications. :
Nozzles should not be used in p1pes smaller than DN 50

2) Pipes of DN 50 and larger for custody transfer apphca‘uons

The pipe specification is governed by ISO 5167. It is recommended to buy meter runs made by-

specm]lst manufacturers to meet these requu:ements

3) Pipes of DN 50 to DN 300 for general applications, see (lO 1. 10)
In order to obtain meter runs within or close to the ISO specification for pipes DN 50 to DN 300, itis
recommended to buy pipes for these sizes complete with orifice flanges made by spemahst man-
ufacturers.
Cons1den_ng price, transportaﬂon and ISO tolerances for out—of-roundness and maximum steP in D,

the length of the upstream pipe is set at 24D with a maximum of 6 m (standard length of pipe) and |

the length of the downstream pipe is set at 8D.

4) Pipes larger than DN 300 for general applications : R
For pipes of DN 300 and larger it will usually be more practical to have the meter runs fabncated
locally, selecting pipe with the highest roundness ﬁgme as available in stock, and fabricated as
descnbed in (11 5). : - :

12.42.3 Explanatton of the recommended | pipework speczﬁcanon and its relationship to ISO 5167

1) Pipes smaller than DN 50 '
The meter run of (10.1.9) covers about 33D upstream and 13D downstream from the orifice p]ate
Up to about 30D upstream and 10D downstream from the plate the bore is uniform and in
accordance with ISO 5167. It is then coned up at 20 degrees, just before the plant flanges, to match

the nominal bore of plant pipework. The cones, equivalent to the reducers and expanders specified

in ISO 5167 are at an ISO 5167 acceptable distance from the plate, so do not Tequire a modification
to the basic uncertainty of the flow meter’s discharge coefficient. :

Beyond the limits of the meter run, the pipe bore is covered by the standard pipe sPecLﬁcahon

usually ANSIL, and the accuracy with which the pipe is flanged for the meter run. The tolerances on
these are within ISO 5167 requirements because they are sufﬁcnently far removed from the orifice
plate. : :

*2) Pipes of DN 50 and larger for custody transfer applications
It is recommended to follow the ISO 5167 requirement__s.

3) Pipes of DN 50 to DN 300 for general applications

It is recommended to follow the ISO 5167 reqmrements for the pipework of 24D upstream witha

maximum of 6 m and 8D downstream.

4) Pipes larger than DN 300 for general applications .
Section (11.5) describes how a meter run could be prepared locally.
This practical spec1£1cat10n relates to ISO 5167 requirements as follows:

The upstream straight lengths as recommended by this handbook, shall be in agreement with ISO
5167, starting from the orifice plate. For the length of the upstream flange, the upstream "pipe” is
bored out as specified in the relevant drawing and meets ISO 5167 requirements. Unfortunately for
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flow metering the flange extends only between about D/3 and 2D from the orifice plate, depending
on pipe size and piping class so that a joint has to be made to a piece of pipe within this
distance.

The fabrication procedure should control this joint to the best practlcal limit but it can still result in
an ISO 5167 unacceptable step of up to £0.01 D + 0.2 mm m the "pipe” bore at this pomt and an

_ excessive roughness resu]tmg from the weld.

It is assumed that a piece of standard pipe can be selected locally (11.5), which is smooth inside and
has a maximum out-of-roundness of + 1%. The smoothness will usually meet ISO 5167 require-
ments but the out-of-roundness may not (Note: ISO 5167 specifies a maximum out-of-roundness of
+ 0.3%). Thelength of "Section 2" as shown in Fig. 12.5 shall be as long as possible up to a maximum
of 6 metres taking into account the handleability in the workshop and transportation.

The length of pipe described as "Section 1" in Fig. 12.5 needs only to comply with the specification of
standard pipework, e.g. the ANSI specification, for the relevant piping class at the distance 8D from
the orifice plate. This is' within the ISO 5167 requirements,

The possible magnitude of the step at joint marked 1/2 is governed by the standard pipework
specification and, depending on pipe size and piping class, can be up to about 0.05 D. Such a step can
just be allowed within the limits of ISO 5167 if placed far enough away from the orifice plate.
The length of "Section 2" (Fig. 12.5) as laid down in (11.4) can for practical reasons not be great
enough to fulfil all straight length conditions but, if the length of "Section 2" has been made as largeas
possible, the more commonly encountered smaller steps that may occur at the joint 1/2 can be
accommodated. : ;

The actual situation governing whether the possible step at joint marked 1/2, resulting from pipe
tolerances, will or will not meet ISO 5167 requirements is a complicated function of orifice plate,
betaratio (11 4) p1pe size, pipe specification (e.g. ANSI B 16.36) and schedule number (e.g. ANSI
B 16.36).

Counsidering the downstream stra.lght ]ength (11.4), the ISO 5167 tolerance on the “pipework” is
sufficiently large that the practical requirements embodied in the relevant ﬂange drawing, pipe code,
and the fabrication procedure of (11.5) fulfil all aspects.

It should be noted that the procedure of (11.5) describes the fabrication of meter runs which for some
applications will completely fulfil the full straight length requirements (11.4). In such situations the
possible unacceptability of joints marked 1/2 and 5/6 (Fig. 12.5) in accordance with ISO 5167 as
commented on above do not apply of course.

Most of the generally specified orifice flow meter installations encountered in practice may have |
straight lengths of pipework which fail to meet in full the ISO 5167 conditions.

‘This will almost always be so because of the joint marked 2/3 and the circularity of "Section 1" (Fig,
12.5), but may also be so because of joints marked 1/2 and 5/6, (Fig. 12.5)..

The provision of straight lengths for general application as described in this section limits this
discrepancy as far as thought practically possible, but the consequencem terms of metering accuracy
and repeatability, is unknown in precise terms. General experience, however suggests that the
discrepancy does not cause much difference in metering,

~ The ISO 5167 specifies that an extra uncertamty of + 0.2% in the flow coeffunent should at least be
added in the flow calculations. This to account for what shall generally be assumed to be greater than
the minimum allowed irregularities at joints marked 1/2, 2/3 and 5/6 (Fig. 12.5). Particularly at
joint marked 2/3, these irregularities may even be larger than those allowed by ISO 5167.

‘To allow for the fact that in practice orifice plates and nozzles made for general use to the
specification as described in this section fall short of the ISO 5167 requirerient for circularity and
regularity, an extra = 0.4% uncertainty should be added to the basic flow coefficient uncertain- -
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12.4.3 Pipework specification for classical Venturi flow meters
12.4.3.1 IS0 5167 design requirements

The minimum ISO 5167 acceptable conditions of cm:ulanty, smoothness and consistency of pipe bore
for the "straight length” pipework installed upstrea.m and downstream of the Venturi tube are given
below. The straught lengths required for a glven beta ratio and d.'lStl]Ib].‘Dg mﬂuence are gwen in
(11.4).

The ISO 5167 requuements are as fol]ows

1) Overan upstream length of at least 2D measured from the upstream end of the entrance cy]mder of
- the Venturi tube, the pipe shall be cylindrical.
The pipe is said to be cylindrical if no individual measurements of diameter d]ffer by more than +
2% from the mean of many measurements of diameter.

2) The mean diameter of the upstream pipework, where it joins the Venturi tube shall be within *+ 1%
of the Venturi’s entrance cylinder diameter. :
The mean diameter is calculated as per (12.4.2.1) item 1.

]
|
1%
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3) The mean diameter of the downstream pipework, where it joins the Venturi tube, shall not be less
than 90% of the end of the Venturi’s divergent outlet.

4) The upstream pipe shall have a roughness of k/D = 10—3 over a length of at least 2D measured |
upstream from the Venturi tube, -

5) The difference between the centre lines of the upstream pipe and'of the Venturi tube as measured in .
the connecting plane of the upstream pipe shall be less than 0. OOSD ' ;

6) The angular alignment uncertainty of the upstream pipe centre line w1th re5pect to the Ventun tube
centre line shall be Jess than 1 degree. : :

7) Thesum of the offset (see 5 above) and half the rauge of the mdludual measurements of dlameter of
the upstream pipework sha]l be less than 0.0075D. - , . - '

12.4.3.2 The recommended pgpework spec:ﬁcanon

The ANSI-pipe spemﬁcat:ron but with smoothmg of the mtemal drameter of the p1pe/ﬂange joints,
satisfies the pipe requirements for the upstream and downstream length for a Venturi tube.

The pipe sPec]ﬁcatmn is governed by: _ o
1) The standard specification for the piping class and material, usually ANSI B 31.3.

2) The standard specification for pipe preparation for weldmg and weldmg of pipe and ﬂanges e.g.
B 16.25 and ANSI B 31.3. o

The ability to follow the ISO 5167 requjrements more closely for a classical Venturi than for a field
fabricated orifice meter run should be an advantage for contractual arrangements. However, the Venturi
meter cannot easily be adapted to changmg parameters in the flow conchtlons and is therefore Tess
practical.

12.4.3.3 Explanation of the recamménde_d pipework specification and its relationship to ISO 5167 |

The bore of the pipe flange which bolts to the upstream side of the flow meter, and the flow meter’s
entrance cylinder, both of which are made to the nominal bore of the pipe (schedule number accounted
for), will meet within the + 1% required by ISO 5167. The tolerance on standard pipe, typically + 1% on
mean outside diameter, = 1% on ellipticity and * 15% on wall thickness, will mean that individunal
measurements of diameter near the neck of the flange and the end of the pipe will not always meet within
+2% of the flange bore. Since welding neck flanges vary in length relative to pipe bore from about 2D to
D/8, the ISO 5167 requirement for a cylindrical section of conduit for 2D upstream of the flow meter will
hardly ever be fulfilled. The case will usually be worse for the large-diameter, and higher schedule pipes.
If. the bore is not smoothed out, it is estimated that an extra = 0.2% uncertainty should be added
anthmehca]ly to the f]ow meter’s uncertmnty of discharge coefﬁcnent for faﬂure to meet these condi-
tions. .

1244 References :

IS0 5167

BS 1042 (1964)

ANSI B 31.3
 ANSI B 16.25

ANSI B 16.36

171



125 UPSTREAM AND DOWNSTREAM STRAIGHT LENGTHS REQUIREMENTS

1251 General

Fluid flow through a p1pe has deferent veiocmes at different pomts across the Cross secuon of the
pipe.

~ Almost an infinite variety of velocity patterns of the fluid elements may exist. A flow meter installed in
the pipe to measure the total flow, respondsin a different way to every one of them. For a flow meter to be
useful it should be designed to be maximally sensitive to the total mean flow velocity through the conduit
and minimally sensitive to the individual velocity components of the different fluid elements. However,
for most of the flow meters the physical limitations are such that this design objective cannot be achieved

very well. Tt is therefore important to define specifically the flow velocity distribution over the cross -

section of the pipe for which the flow meter has been designed in terms of velocity, range linearity,
velocity angle, etc., in order to meet a specific repeatability and accuracy.

All flow meters described in this handbook are designed and 5pemf1ed foruseon fully developed regular
flow patterns which occur in a fluid after it has passed through a long straight length of conduit of
uniform cross section and roughness. The performance of some flow meters, e.g. large 8 ratio orifice flow
meters, changes considerably if not presented with a fully developed flow pattern.

all.

Any deviation from a long straight conduit of uniform cross section and roughness will disturb the flow.
1t takes time, following a disturbance, for the flow to regain its fully developed state. Since this time
interval is generally inversely proportional to the fluid’s mean flow velocity along the conduit, the flow
dependent time interval can be interpreted as a particular fixed distance downstream of the.distu:rbing
influence,

Tt is difficult to pred1ct how far downstream the effects of a dlsturbmg mﬂuence are still reflected ina

deviation of the flow from a fully developed condition. The distance depends on:

— how much of the total flow was affected by the disturbance (e.g. a bend affects the total flow, a
thermowell affects only part of it) _ :

— the nature of the disturbance (e.g. swirling, as produced by two bends in different planes, or_]ettmg,
produced by flow through a partially closed gate valve) : SRR

— the physical nature of the flowing fluid (e.g. its viscosity, ens1ty) etc

The effects of a disturbing influence decrease in a roughly exponential Way, 5] that there isa d:.t‘f1cu]ty in

defmmg at what point the disturbance can be said to have ceased

Given that it is not always poss1b1e to present afiow meter w1th a fully developed ﬂow, the questlon of
interest to a flow meter user is to what extent the performance of the instrument he wishes to use deviates
from that in an jdeal installation. The main difficulty, as described above, is to define the fluid dynamic
disturbances which result from a disturbing influence, how long these take to decay to an acceptable
level, and the flow meter’s different sensitivity to different types of disturbance.

For the "every-day user” this is solved by applying the "required minimum straight pipe lengths” necessary
" to achieve the flow profile in accordance with the flow meter’s specification for use on fully developed
flow. Shorter minimum straight length requirements may also be available for which the flow meter wﬂl
perform with a specified reduced accuracy and repeatability.

The "required minimum straight lengths” refer to the necessary length of pipe of constant cross section
and roughness upstream and downstream a particular flow meter to meet its stated performance. The
pipe’s cross section shall be the same as the entrance to the flow meter and no obstructions, e.g.
misaligned pipe sections, protruding gaskets, oversized pressure tappings, nozzles or thermowells within
these lengths of pipe should be allowed to disturb a flow’s tendency to become or stay fully develop-
ed.

All minimum straight length requirements are based on experimental measurements and for the greater
part they have only been tested in practice for a few single fixtures, e.g. a single gate valve by a particular
manufacturer in close proximity to a few particular types of flow meter. The result of thisis, for example,
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that installing a particular design of orifice flow meter at the book-stated distance downstream of a half
open gate valve is no guarantee that the flow meter will perform as specified. It does, however, greaﬂy
increase the probability that it will do so. : '
Besides the weaknesses of these fairly d.rrecﬂy proven reqmrements there is the question of how much
the inflnence of disturbances upstream of the one before the flow meter, has an effect on the flow meter’s
performance. Only a few tests have been done in this field and so correspondingly, the rules which have
been formulated to predict whether or not good flow metering can be obtained by using a partrcular
eouﬁguratlon are even less precise.

The result is that incomplete, sometimes conflicting rules are formulated in the standards, which need a
carefull consideration and cannot be applied without knowledge of the underlying data.

To alleviate this problem tables have been included (11.4.2 and 114. 3) showing, based on ISQ 5167, the
minimurn straight length requirements for deferent types of dlffereutlal pressure ﬂow meters expressed
in multiples of D. '
The values without brackets are values for a "zero addmonal uncertamty N

The values between brackets are values for an “additional uncertainty of + 0.5%".

It is highly recommended to use the values related to a 8 = 0.7 in order to obtain Full fle:vubﬂrty for
re-sizing the orifice plate at a later stage.

The requirements for other types of flow meters, e.g. vortex, electromagneuc ultrasomc ete defer
considerably from one manufacturer to another, so thatitis not easy to offer general comments. Foreach -
proprietary product the manufacturer’s instailation instructions must be followed — firstly because they
should be correct and secondly because he “guarantees” the performance of his mstrument to the
specification he quotes only if his installation instructions are complied with.

Some very general comments on the straight length requirements of the different types of ﬂow meters are
given below.

(These comments should take second place to manufacturer ] adv:lce)

Vortex meters: Usuallj,r have straught length reqmrements very roughly like those of a 0.4
S 3 beta ratlo orifice plate.. _ :
Electromegxieﬁc _ Are usually satlsﬁed by very short stra.rght leugths eg 5D upstream 2D

flow meters: _ downstream

They are designed by using a symmetncal electromagnetlc f_1e1d to be very
insensitive to axially symmetric flow distortions, e.g. swirling fiows, such as
produced by two 90° bends in defereut planes. '

Ultrﬁonic leading: . .- Single-beam types usually have straight length quuu'ements similar to
: L .. those of a 0.75 beta ratio orifice plate.

Double-beam types usually require stralght lengths similar to those of 2 0.5
. beta ratio orifice plate.

" 4-beam types usually require strarght lengths smular to those of 2 0.2 beta
ratio orifice plate.

Turbine meters: They are very sensitive to swirl and should preferably be used with a swirl
- removing type flow strarghtener €. g a tube bundle placed at least 10D
. upstream.
Positive displacement Do not require straight pipe upstream or downstream of the meter since
meters: they are usually insensitive to flow profiles.
Coriolis flow meters: Do not require straight pipe upstream or downstream of the meter since

they are usually insensitive to flow profiles.
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Ingertion flow meters Should generally be given at least the same straight lengths as a 0.8 beta

(of any type; e.g. . ratio orifice plate.

Pitot annubar,

f;ﬁ;;iltz?}m bine) ' 'repeatable should be the inference of the total flow.
for to t, A ﬁow .~ Thus, in a large pipe a 100 mm insertion vortex meter should give better
- results than a Pitot tube. The smaller the flow meter Ielatlve to pipe

measurement:

The more of the total fiow the flow meter samples, the more accurate and

' dJameter the greater the need for long straight lengths

1252 Reéoﬁimended Sﬁaight lengths for differential p.res'.sur'e. type flow mefers

The tables in section (11.4) give the minimum recommended straight lengths for:

1)

2)
3)
4
3)
6)

A square edge onflce fiow meter w1th corner, flange radlus, or p1pe tappmgs
A quarter of circle orifice flow meter with corner or flange tappings.
A conical entrance orifice flow meter with corner tappings. o

Eccentric orifice flow meter.
Segmental orifice flow meter
ISA 1932 nozzle.

Long radius nozzle.

Venturi nozzle.

The fo]lovﬁng shall be taken into account:

1y

)

3

4)

3)

6)
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For all orifice flow meters, except those used with pipe tappmgs the d15tances sha]l be measured
from the upstream face of the orifice plate.

For orifice flow meters used with pipe tappings, the upstream dlstance shall be measured from the

upstream pressure tapping (i.e. 2.5D upstream of the orifice plate) and the downstream distance

from the downstream pressure tapping (i.e. 8D downstream of the orifice plate).

For nozzles the upstream and downstream distances sha]l be measured from the upstream face e of the
nozzle. . o

For beta ratios that lie between adj acent valuas 111 the table_, the straight lengths required for the
higher of the two flanking values shall be used.-

For installations in ‘which both upstream and downstream straight lengths are equal to or, pref-
erably, greater than the unbracketed values shown in the table, no additional uncertainty needs to be
added to the uncertainty m the flow meter’s discharge coefficient C.

For installations in Wthh either the upstream or downstream sttalght length is equal to or,
preferably, greater than an unbracketed value shown in the table but the other straight length is less
than the unbracketed value but equal to or, preferably, greater than the bracketed value, an
additional uncertainty of *+ 0.5% shall be added to the uncertamty in the flow meter’s d1$charge
coefficient C. :

If both the upstream and downstream straight lengths are equal to or less than the bracketed values
shown in the table, the metering installation fails to meet ISO 5167. The uncertainty of the discharge
coefficient C cannot be predacted then w1th certamty and df:pends on the dev1at1cu1 from the ISO
5167 requirements.

et P HER
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12 5.3, Straight Iength for the pipework between the second and subsequent upstream fittings and
between the first and subsequent downstream fittings

i

On the upstream side of the flow meter, this means the distances Ly, Lya, etc. and on the downstream
side of the flow meter the distances Lp,, Lps, etc. (see Fig. 12.6 below).

/B 7
Lya _.| la—Lyz | | Ly | |-— Lps

Fig. 12.6°

Flow meter

,

It is a logical extension of the arguments given in (12.4.2.2) to say that the straight lengths between the
second and subsequent upstream fittings Lm, Luya, etc., and the first and subsequent downstream fittings |
Lps, Lps, etc., should be specified.

However, national or international standards do not specify these lengths, so, although in reality
inadequacy of these lengths should inflnence the flow reading, no official guidance is given and in fact no
reliable experimental results are ava:lable to quantify the matter.

In spite of this, a general consideration of fluid dynamics and plant p1pework can aliow of the
- formulation of the following guiding, reqmrements to aid the msta]latlon of all types of differential
pressure in real plants:

1) At the downstream side of the flow meter:

Any fitting or group of fittings can be placed at any spacing Lpa, Lps, etc., downstream of the first
downstream fitting without influencing the uncertainty of the flow meter’s discharge coefficient
C. .

The justification for this is implied in ISO 5167 for the specification of the downstream length Lp; to the
first fitting, which is dependent only on the flow meter’s beta ratio and not on the type of fitting. In
general, any fluid dynamic disturbance affects only a flow for a short distance upstream.

- 2) At the upstream side of the flow meter:

If two or more fittings exist within 50D or less upstream of the first upstream fitting, an additional
uncertainty of 3 0.5% should be added to the uncertainty of the flow meter’s discharge coefficient
C.

The justification for this is implied in the BS 1042 (1964) specification for distance between the first and
.second upstream fittings.

Two or more fittings upstream of the first constitute "any other fitting” in terms of Table 8 of clause 47 of
BS 1042 (1964). ,

As a general rule, if there are several fittings which should be placed in the wc:n,mty of the second upstream
fitting, they should be kept as far upstream as possible from it. If plant conditions dictate that they
cannot be placed far upstream of the second upstream fitting, then every reasonable attempt should be
made to allow as long a length of pipework as possible for the distance Ly;; between the first and second
upstream fitting, and Ly, between the flow meter and first upstream fitting, -

1254 References
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Section 13. - Uncertainties

- Understanding ardifferenﬁal pressure flow meter’s output reading

The accuracy of differential pressure flow meters over their meter range

The uncertamty of flow measurement
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Estimation of uncertainties in the measurement of flow rates using dlfferentlal pressure
flow meters in accordance with ISO 53167 and BS 1042 (1964)
Discharge coefficient C for orifice'and nozzle flow meters
Installation in accordance with ISO 5167 and BS 1042 (1964)
Installation as per recommended design

8C /C for square edge orifice plates '

8C /C for quarter of circle and conical entrance orifice plates
8C /C for nozzle flow meters '
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13.1 UNDERSTANDING A DIFFERENTIAL PRESSURE FLOW METER’S OUTPUT
: READING

The output signal of a flow meter, measuring the differential pressure across the flow measuring device,
becomes meaningful only when the accuracy is known with which this output signal corresponds to a
particular flow rate. One procedure for obtaining this knowledge is to note the output reading, calculate
‘the corresponding flow rate q taking into account all relevant factors, and to estimate the likely

uncertainty 8q in the calculated flow rate by taking account of the uncertainty with which each factoris .

known.
This procedure is tedious and holds for one output vaiue only.

The number of factors that influence a flow measurement are many since in practice the output reading
of a flow meter is affected by each element of the installation, such as orifice plates, impulse lines,
differential pressure measuring instruments, square-root extractor (if used), signal transmission system
(if used) and output display, and also the dynamic properties of the fluid. It is almost impractical to
include in an estimate of the flow meter’s accuracy, terms relating to all these guantities. A more

handsome solution is to specify design tolerance limits and installation conditions. If obeyed, they

ensure, within a high probability, that all flow meters designed and installed in accordance with the
specification are at least within calculable limits of uncertainty. In such cases the residual differences

between individual instruments can be attributed to a few quantities which greatly affect the flow meter’s

performance or depend on unspecified aspects of its use. For example, the pipe bore and orifice or throat
diameters are of overwhelming importance and can be specified as part of the design. How the fluid’s
density, expansibility and the flow meter’s differential pressure output are determined is not specified,
nor how the accuracy of their determination also affects the overall accuracy of the flow reading.

‘When the flow meter and its installation are as specified, the flow rate q and a good estimate of the

uncertainty in flow rate 8q provide the estimate of the flow rate as: q % 8q.

It should be stressed that, although it is common practice to quote a flow rate as q (kilograms per second
or tons per day), this is in fact meaningless unless also accompanied by an estimate of the probable
uncertainty 8q.

13.1 THE ACCURACY OF DIFFERENTIAL PRESSURE FLOW METERS OVER THEIR '
METER RANGE '

Although in practice the flow rate q through a differential pressure flow meter is taken as directly
proportional to the square root of the differential pressure:

q =K +dp X = constant),

is this statement not strictly valid, even if the specification of design and range of application are
carefully chosen. The ISO 5167 recommendation which includes design tolerances to give a calculable
estimate of uncertainty in the flow rate, assumes that K. = K’ C-¢, where C and ¢ can themselves both be
functions of the flow rate and K’ is constant. In particular square edge orifice and nozzle flow meters (for
which the discharge coefficient is a function of the Reynolds Number) and any differential flow meter
working on gas (for which e is a function of differential pressure) do not exhibit simple proportionality.
These devices when used in combination with a dp cell and square root extractor have a calibration curve
as shown in Fig. 13.1. Venturi flow meters, quarter of circle and conical entrance orifice flow meters,
which all have discharge coefficients independent of the Reynolds Number, do approach the ideal
calibration curve as shown in Fig. 13.1 if used on liquids.

According to the flow metering standards, each flow rate through a flow meter should be determined by
evaluating the corresponding values of discharge coefficient, expansibility and differential pressure.
Flow computers are capable of doing this, but in practice most differential pressure flow meters are not
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provided with such a sophlsucanon The only calculating capabﬂlty pIOVIded isa squa:e 100t extractor
and further a constant meter factor is assumed ‘ _

Meter ‘
factor SR LT _ '
[7-. Ideal . o r— Typical calibration
Value I I | —
used in I " SR _‘ -
caleulations : I I
[ l | :
I ! _
1 1 o
! ! | - ——
33 X 100 Flow rate (%)

Design flow rate

Fig. 13.1 Optimum sizing of a differential pressure flow meter (using a sqhei-e root e'xtraetdr)'

The flow charts presented earlier in this handbook calculate the flow factor at only one point on the
above curve. This point is so chosen in order to minimize the errors resulting from a flow meter over its -
whole workeable range, see Fig. 13.1. In general, the evaluation pomt "X" is taken close to the normal
reading, i.e. the design flow rate.

The flow meter reads true only at this flow rate. Higher on the scale it reads slightly higher than true,

- lower on the scale it reads shghﬂy lower than true. Fig. 13.1 ﬂ]ustrates this sﬂ:uat:on B

133 THE UNCERTAINTY OF FLOW MEASUREMENT"

13.3.1 General discnssion

Many factors, including engineering tolerances in the flow meter primary and secondary parts, varia-
tions.in fluid characteristics, ete., contribute an element of uncertainty to the flow rate indicated bya
flow meter in relation to the actual, true rate of flow through.the device.

Itis thefefore necessary to estimate the uncertainty of the measurement. The more realistic the estimate,

the more useful the measurement.

The uncertainty in a flow measurement can be expressed in either absolute or re]attve terms as
follows:

absolute rate of flow = q + 8q (flow units)
relative rate of flow = q (flow units) + (8q/q) X 100%

The causes of the uncertamty dq are of such a nature that one cannot say w1th absolute certainty that a
flow meter will indicate a flow rate q within the band q = 8q. The criterion for determining 8q for any
flow meter should be such that, meaningful information is conveyed to the nser. The usual criterion is
that there is a 95% probability that the flow meter’s output reading will agree with the true reading within
‘the limits q + 8q. To arrive at an overall 8q with reference to the total flow meter’s performance, it is
common to assume that the component errors have a "normal” (or "gaussian”) distribution. In reality this
is seldom exactly true but the closeness to this distribution and the mathematical simplification achieved
by the assumption, are well worth accepting the slight error in the error calculation.

Manufacturers of proprietary flow meter designs also provide accuracy figures for their products. For
example, the manufacturer of a vortex meter, a basically pulse-producing device, may quote the
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accuracy of the uncalibrated flow meter’s output signal as =+ 0.5% of reading + 0.2% of full scale output.
‘When so specified, the 0.5% accounts for the uncertainties in the flow meter’s calibration as affected by
manufacturing tolerances. The influencing factors are the accuracy with which the flow meter’s bore is
machined, the dimensional and locational accuracy of the vortex-shedding bluff body, etc.. The 0.2%
accounts for the accuracy with which the electronics can convert the frequency signal into a current
signal. ‘ o -
Again it is an overall figure which takes into account many separately identifiable component uncer- :
tainties in the operation of the electronics, such as amplifier linearity, thermal compensation, etc.

Differential pressure flow meters, particularly orifice plate flow meters, are made of an assembly of
different parts, e.g. piping, orifice plate, differential pressure cell, which may originate from different
manufacturers. o

To determine the uncertainty with which the total product can meter, the tolerances on the component
parts and the way they affect the metering accuracy have to be considered. An internationally accepted
method, described in ISO 5167, has been devised to calculate the metering uncertainty of differential -
pressure flow meters. S : ' :

13.32 Estimation of uncertainties in the measurement of flow rates using differential pressure flow
meters in accordance with ISO 5167 and BS 1042 (1964)

The préctical working formula for the uncertainty 8qy, of the mass rate of flow q is given in ISO 5167, -
section 10.2.2, which can be expressed as follows: g '

o] - | P[5 o] o 1 o] T epe 1]

The uncertainty 8q gives the range of values for q,, within which the true value of the measurement is
estimated to lie within a 95% probability. ‘ : . o
The true value can be expressed as either:

rate of flow = g * 6gn

or rate of flow = q, within = [%q] X 100%

where the uncertainty 8qy, must have the same dimensions as Q.

To evaluate the above basic equation for the estimation of uncertainty, the following should be
considered: : - S : SETERR

1) Qg is computed for the device of:'inter_est .acco_rding to the methods described in sections :(2-8). .....

2) % depends on the type of primary device, the dimensions and tolerances of its manufagture and the

piping conditions in which it is installed.
For custody transfer applications, the flow meter and adjacent pipework should meet the requirements

of the relevant, preferably most stringent specification of the flow metering standards. It can be met only
through highly specialized manufacturing methods. ' '

In the following sections, the values of FC are given for two different categories of installation for each

- type of device. These categories are:

1) installation in accordance with ISO 5167 _
2) installation as per recommended design as given in section 12.
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13.3.3 Discharge coefficient C for orifice and nozzle flow meters
13.3.3.1 Installation in accordance with ISO 5167 and BS 1042 (1954)

The uncerta.mhes of the discharge coefficient C as gwen in sections (3 4 and 7) are:

for square edge onﬁce plate ) 6((:3 * 0.6% S fp=0. 6
T=x B i#p>06
for quarter of circle orifice plates: =% 2.5% B =0316
%9 = +20% if B > 0316
. | . - 8C
for conical entrance orifice plates: T == 0.6%
| . 5C | .
for ISA 1932 nozzle: <= *= 0.8% if =06
%—:=¢(2/3-0.4) if B> 0.6
. oC
- for long radius nozzie: <= 2.0%

The above is assumed to be true provided that:

L

The straightlength Ly, Lp; and Ly (11.4.1) equal or exceed the unbracketed values quoted in Table
11.4.2.

If any two of the three straight lengths Ly, Lp; and Ly, equals or exceeds unbracketed values and
the third exceeds a bracketed valoe but not the unbracketed value, then the installation meets ISO
5167 requirements provided that + 0.5% is added arithmetically to the basic uncertainty of

. (8C/C).

Any step between adjacent sectlons of plpe used to fabricate the upstream straight length LUI shall
not exceed 0.3% from D.

If any step with a height h at a distance s from the orifice plate, within straight length Ly;;, exceeds

- 0.3% from D but complies with the relationships:

h _ [s/D+O.4 h _
b = 000257 53ps] #dp =005

an additional uncertainty of * 0.2% shall be added arithmeticaily to the basic uncertainty of
(6C/C). =

The distance between the centre line of the orifice and the centre ]mes of the pipe on the upstream
and downstream sides shall be less than or equal to:

0.0005D
0.1 + 2.3p8

If the distance between the centre line of the orifice and the céntre lines of the pipe on the upstream

and downstream sides is more than:
0.0005D : 0.005D o . ‘ .
01+ 235 but less than 01+ 235 2° additional uncertainty of & 0.3% shall be added arith-

metically to the basic uncertainty of (8C/C).
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13.3.3.2 Installation as per recommended design

The uncertainties in flow coefficient (8C/C) used for general orifice flow metering should of course relate
to the real mechanical installations used in the field.

In sections (12.2), (12.3), (12.4) and (12.5) approximation expressions are given for the effects which can
be expected on the uncertainty of the factor C for orifice flow meters as a result of tolerances in the pipe
work, flanges and orifice plates, in addition to the uncertainty ﬁgures given by ISO 5167 and/or BS 1042
(1964).

Table 13.3.3.2.1 reflects the various effects which can be expected for the C factor for the square edge
orifice plates in the configuration with flange tappings, corner tappings and radius tappings.

Table 13.3.3.2.2 reflects the same effects for the quarter of circle and conical entrance orifice plates

For nozzle flow meters; Table 13.3.3.2.3, the va]ue of (6C/C) should be provided by the manufactur-
er.

In the absence of such information rough estimates can be based on the assumptions that the general
piping quality as defined in (12.4) and nozzle/pipe bore alignment as defined by a stainless steel nozzle,
held within the bolt circle of a carbon steel orifice flange like an orifice plate is used and the straight
lengths, are in accordance with Table 11.4.2, see (13.3.3.2.3).
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13.3.3.21 &C/C for square edge orifice plates

Values to be added
to calculate the
uncertainty of the
discharge coefficient

5C
T

~ SQUARE EDGE ORIFICE PLATES

flange tappings

‘corner tappings

radius tappings

DN > 50

DN << 50

DN > 50

slip on DN > 200

w.neck DN >400

0.6|8 > 0.6

none

8> 06

B =06

B>06

B=06|8>06

basic uncertainty
IS0 5167
(13.33.1)

see value per type

0.6

B

0.6

0.6

uncertainty
due to pipe joints
(124.2.3)

see value per type

04 | 04

0.4

04 -

0.3

0.4

06 | 06

square edge
DN < 50
{12.2.2.3)

corper tappings
DN < 50
(123.3.3)

. 1.5]%
A9 2
ss,e[D

flange tappings
(123.2.3)

Bd

radius-tappings
(12.34.3)

B4

12333

eccentricity
all tappings DN > 50
(12.3.1)

3D§ (0.6 + 13.88% + Teomp

eccentricity corner
tappings DN < 50

% (0.6 + 13.88%

bleed hole
compensation DN > 50
{1223.3)

s’

Notes:

) X = npphcable to calculations for this type.
2) The expresmons a5 stated in the above table do not include terms to allow of pipework straight Ienpths less then those quoted in Table 114.2-
and/or pipe irregularities.

If any two of the three straight lengths Lyy1, Lpg and Lijz, see Table 11.4; 2, equa] orexceed unbracketed values, and the third exceeds a bracketed

value but not the unbracketed value, then an extra + 0,5% needs to be added arithmetically

(13.3.3.1).
3

For temperature compensatlon, the follomg formula (12.3.1) shall be used:

Teomp = [258000 (@50.- )06 + 13. 8ﬂ4)

to the valnes detemu.ncd from the equatmns in
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133322 8C/C for guarter of circle and conical entrance orifice plates

- Values to be added QUARTER OF CIRCLE CONICAL ENTRANCE
to calculate the _ . _ ' —
uncertainty of the _flange tappings corner tappings. comer tappings
discharpe coefficient _ . =
. - &C DN > 50 DN = 350 DN =50 | DN > 30
<. B=0316 | > 0316 | A= 0316 | 8> 0316
basic uncertainty _ :
ISG 5167 see value per type 25 2. 25 . L2 2 2
(1333.1)
uncertajnty' . .
due to pipe joints see value per type 0.4 0.4 04 .
(12.4.2.3) : ' ' o
quarter of circ‘{é
DN < 50 % -1 x - X
conical entrance . 10.0 y
DN < 50 el X X
corner tappings 151 .'
DN < 50 5589 |=|* X x X
(12.3.3.3)
flange t:ipﬁiﬁgs
. a4 x x

(12.3.2.3)
eccentricity 28 ' ' _
all tappings DN > 50 | 75 (0.6 + 13.88% + Teomp x X X
(12.3.1) _
eccentricity corner ' 5 :
tappings DN << 50 5 (0.6 + 13.88%) x b %
(12333)
bleed hole ' 1z :
compensation DN > 50 —35 [%—] X x K
(12.2.33) - '

Notes:
1) X

2)+ The expressions as state
and/or pipe irregularities.
If any two of the three straight lengths L,
bracketed value but not the unbracketed valu
eqnations in (13.3.3.1).

= applicable to calculations for this type.
d in the above table da not include terms to allow of

3) For temperature compensation, the following formula (12.3.1) shall be used:
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Tcomp =

17
55000 -(450 — I_)-(q.s + 13.88%)

pipework straight lengths less thé_ﬁ those quoted in Table 11.4.2

Lpt and Lyyz, see Table 11.4.2, equal or exceed unbracketed values and the .Lhird exceeds ﬁ
e, then an extra = 0.5% needs to be added arithmetically to the values determined from the




13.3.3.2.3 6C/C for nozzle flow meters

Valucs to be added ISA 1932 NOZZLE | LONG RADIUS NOZZLE
to calculate the _ _
uncertainty of the coroer tappings corner tappings
discharge coefficient =
DN > 50 . DN > 50
5
c B =06 B> 06 none
basic uncertainty L
IS0 5167 see value per type 0.8 | 28 -04 2
(13.3.3.D _
u.ucertamty ) .
due to pipe joints see value per type C 04 0.4 04
(12.4.2.3) : :
eccentricity 28 :
all tappings DN > 50 | 5 (0.6 + 13.88% + Teomp X b X
(12.3.1)

Notes:

) X = apphcable to calculations for this type.

2) The expressmns as stated in the above table do not include terms to allow of pipework straight lengths less then

those quoted in Table 11.4.2 and/or pipe irregularities. -

If any two of the three straight lengths L7y, Lp) and Lyj, see Table 11.4.2, equal or exceed unbracketed values
and the third exceeds a bracketed vaiue but not the unbracketed value, then an extra-+ 0.5% needs to be added

arithmetically to the values determined from the equations (13.3.3.1).

3) PFor temperature compensation, the following formnla (12.3.1) shall be used:

Tcm:np = [?j

-{450 — ’I)-(O.G + 13.839)

1334 Discharge coefficient C for Venturi flow meters

13.3.4.1 Insiallation in accordance with ISO 5167

The uncertainties for all types of classical Venturis as given in section (6) are:

rough cast cbnvergent

machined convergent

rough cast, welded sheet iron convergent

E=i_0.7%_
13(—?-= + 10%
%= i.l.S%.

The abdve is assumed to be true provided that:

1. The straight lengths Ly, Lys and L, equal or exceed the unbracketed values quoted in Table

11.4.3.

If any two of the three straight lengths Ly, Ly, and Lm, see Table 11.4.3, equal or exceed
unbracketed values and the third exceeds a bracketed value but not the unbracketed value, then the
installation meets ISO 5167 requirements provided that = 0.5% is added anthmetlca]ly to the basic
uncertainty (8C/C).

2. The items 1-7 of (12.4.3.1) are met.
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13.3.4.2 Installation as per recommended design

All types of classical Venturis.

The uncertainties for the class1cal Venturi as per recommended demgu are estlmated as:

rough cast convergent
machined convergent ™

rough cast, welded sheet iron convergent

Note that for the rectangular Venturis (6.2.9) the relevant value of (8C/ C) is estlmated as:

rectangular Venturi

W w
rectangular Yentun ﬁ =5= 1

The above uncertainties are valid when the observations as dlSCL'lSSEd in section (12.4. 3, 3) are taken mto .

consideration.

13.3.5 Expansion factor

T=xosm
EC + 12%
%C -+ 17%
sg + 10%
Qg- -+ 5%

The uncertainty of the expansion factor depends on the type of device and its B ratio. ‘
The following table gives the uncertainty of e with the limitation for 8, as given in the sections (3,4, 6,7

and 8).
B limitation uneertainty of fe/e
B =075 _c_i_p__% :
Square ¢dge orifice plate — - — :
075 < B =08 J_ra,%l’%
Quarter of circle e
orifice plate 0.245 <f<0.6 =33(1-€ %
Conical entrance _
orifice plate 0.]<§<_0.316 =3B(1-9%
Classical Venturi tube g dp
type A, B aod C 0.3<8<<0.75 + (4 + 1003%) b %
. d
Rectangular Venturi 0.44< wh <0.74 +.(4 + 1008} ?p %
WH _
dp
ISA 1932 nozzle 03 _<]_3t_=:0.8 + 2 o %
. dp
Long radius nozzle 02<B<0.8 +=2 Hl?
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13.3.6 Upstream D

D is the internal diameter of the flow meter in the plane of its upstream pressure tapping.

It should be determined by taking the average of measurements across at least four different, equi-
spaced, diametrical lines within this plane. IF, as is sometimes the case for an orifice plate flow meter,
direct measurement is impractical, the nominal bore of the pipe at the upstream pressure tapping can be
that quoted in the tables specifying the dimensions of the relevant piping class. :

8D/D js the uncertainty in the value of D. B L
When D has been determined by direct measurement, it includes the uncertainty in the measurement due

to the limited accuracy of the measuring device (e.g. internal micrometer), the skill with which the
measuring device is used, the number of readings taken and the non-circularity of the pipein the plane of
the upstream pressure tapping. D is ideally the root-mean-square (zms) of these individual terms, In
practice it is usually sufficient to equate D to the rms of the differences between each overall reading and . .
the mean (11.5.6). ' o -

For example, if six measurements to determine D are: :
49.5, 48.5, 49.0, 49.3, 48.8 and 48.9 mm, then the mean D = 49.0 mm.

* The deviations from the mean D are: +0.5, —0.5, 0, +0.3, —0.2 and —0.1 mm so that

5D = + [(+0.5)2 + (=0.5)2 + (02 + éJ;onjz + (=02 + (=0.17]7 _ £ 03mm

‘When, for orifice plate flow meters, the value of D has been determined frbm piping class taBles, the 6D
should also be determined from such tables. ' ' ' o .

133.7 Throatd

d is the flow meter’s throat diameter, i.e. for orifice plate flow meters the diameter of the orifice.
This dimension is usually stamped on the body of the flow metering device. Orifice plate flow meters
usually have it stamped on the orifice plate’s tab. If the dimension is not pre-stamped it should be
determined by taking the average of measurements across at least four different, equi-spaced, diamet-
rical lines.

8d/d is the uncertainty in the value of d. As for 8D (see above) it should really be evaluated considering
several different component uncertainties, but in practice it is usually sufficient to equate it to the rms of
the differences between each reading and the mean d.

For example, if four measurements to determine d are:
20.05, 20.02, 19.95 and 19.98 mm, then the mean d = 20.00 mm.

The deviations from the mean d are: +0.05, +0.02, —0.05, —0.02 mm so that:

1
8 ]2 = 0.04 mm.

d= + [(0.05)2 + (0.0_2)2 + i—0.0S)z + (—0.02)2

13.3.8 Differential pressure (dp)

dp is the differential pressure registered by the differential pressufé measuring device at a certain flow for;
which the uncertainty of flow measurement is being determined. For general applications the dp used for ;
these estimates can be the differential pressure range (DP) of the transmitter. :

8 (dp)/dp is the uncertainty in the differential pressure measurement,

For a mercury manometer or Barton-type recorder in which, within a single instrument, a differentiat
pressure input is converted directly into a visual indication of flow rate, the instrument manufacturers
description of the overall accuracy of the transmitter should be used for (dp), typically + 0.2 to + 0.5%
of the full scale. - ' :
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Notes:
1) When a transmitter is used, some other device, e.g. pressure gauge or current meter or

flow computer, has also to be used to obtain aread-out of the flow rate. Theinaccuracy of

the performance of such a device should be accounted for in the error analysis.

2) - Differential pressure measuring instruments, whether including self-contained read-out
or being only a transmitter, have an accuracy which is a function of their range, i.e.
full-scale deflection (fsd). As such they are only half as accurate athalf range, as the value
given at fsd. ' - S '

When considering the uncertainty of reading from a differential pressure transmitter, care should be
taken to include the effects of its temperature and static pressure coefficient over the range of temp-
eratures.and the static pressures for which the instrument will be used. . o '

13.3.9 Density - _
py is the fluid density at the flow meter.
§,/p, is the uncertainty in the fluid density at the flow meter.

On-line densitometers are often used when a flow computer is applied which is specially designed to
provide compensation, thereby effectively reducing the 8p; of the densitometer. In such cases the

effective 8p, may be used in the calculation. If a resonant cylinder-type densitometer is used with a
frequency-to-analogue converter, the inaccuracy of this converter should be added to that of the-density .

measuring device itself.

If the density is determined in an off-line situation, e.g. in the laboratory, both the actual p, (at pipe -

conditions and upstream tapping) and the 8p should be carefully evaluated.
"The laboratory evaluations are normally carried out at ambient conditions. The actual p is subsequently
calculated using tables or correlation functions; both canhave a significant impact on the uncertainty of
the p;, e.g. light products which are in gaseous form'at ambient conditions.
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134 TYPICAL UNCERTAINTIES

' Orifice diameter

= 005%
Internal pipe diameter D S :
if D is not measured but taken from tables += 0350%
if D is measured = 0.10% -
Differential pressure dp, including transmission and reading
for a reading of approximately 3 on a 0-10 square scale L 500%
‘ C 5- on a 0-10 square scale £ 200%
7.5 on a 0-1{} square scale += 1L00%
10 on a 0-10 square scale + 050 %
Density of liquid - A
for constant composition (molar mass) and constant temperature (°C) * 0.03%
for 1 % variation in molar mass and 1 % variation in temperature =1 %
5 % 5% : + 5 %
10 % 10% =10 %
1 % 5% = 1 %
15% . 5% = 15 %
1. % 10 % = 13 %
3% 1% + 5 %
10 % 1% +10 %
Density of steam .
for constant pressure (bar) and constant temperature (°C) . = 002%
for 1% variation in pressure and - 1 % variation in temperature = 05 %
5% : ' 5% * 3 % -
10 % 10% * 6 %
1% 5% +* 15 %
1% 10% * 3 %
5% 1% + 25 %
10% 1% * 5 %
Density of gas . : ‘
for constant composition {molar mass), pressure {bar) and constant temperature “Q) += 005%
for 1 % variation in molar mass 1 % in pressure and 1 % variation in temperature 1 %
5% o 5% 5% : : + 4 %
- 10% 10 % 10% + 8 %
1% 5% 5%. =3 %
1% 10 % 10% = 55 %
5% 1% 5% . + 3 %
0% 1% 10% *x 55 %
5% 5% 1% * 4 %
10-% 0% 1% = 8 %
1% 1% 5% ° =1 %
1% 1% .10% = 15 %
1% 5% 1% * 3. %
1% 10% 1% = 55 %
5% 1% 1% = 3 %
10 % 1% 1% + 55 %
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13.5

GUIDE TO THE EFFECTS OF A DEPARTURE FROM THE STANDARDS

The following information is intended to indicate the degree of some known effects of non-compliance
on the requirements for flow meter installations. At the same time, those users who may not be able to
comply with the requirements, e.g. for existing installations, are enabled to a55ess roughly the magmtude
and dJrectlon of the resulting errors.

It should be noted that:

a A posmve error will cause a meter to give a reading ]:ugher than normal (a decrease in the flow
. coefficient will give rise to such a reading).

b) The following list is by no means complete but represents a summary of mformatmn extracted from

available literature.
Order of the error
Defects in primary Primary element B to be expected
measuring element actual reading — true reading
x 100
true reading .
i ' SE radius edge ., -
Rounding of upstream edge - Sguare edge orifice —450 x —a %
Segmental orifice —-175 x radius edge

Orifice edge too thick

Orifice plate too thick

Pressure tapping position

Excessive size of pressure
tapping hole

Burrs around pressure tap-
pings

Carrier ring dia. too small
Eccentric or too small a
gasket between carrier ring

and ﬂa.nge

Position of device not
concentric

Inlei cone angle of
convergence incorrect

Outlet cone angle of
divergence incorrect

Radius between cone and
throat incorrect

. Roughness upstream side
of primary element
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Square edge orifice/corner, 0.2
radius and vena contracta tappings

Square edpe orifice/corner tappings  <<0.7
Square edge orifice/corner tappings  <<(.67
Nozzles <0.6 .
Square edge orifice/radius tappings 0.7
Orifices/flange tappings

All differentiﬂl pressure devices

Square edge orifice/corner tappings 0.7
Nozzles 0.75
Orifices and nozzles

Qrifices and nozzles 0.8
Venturi tubes

Venturi tubes

Venturi tubes

Orifices 0.5

height segment opening

—1% for twice the correct thickness

<+1% for twiée the correct thickness

—0.1% if distance 0.05D from corner
—1.2% if distance 0.5D from corner
—0.5% if distance 0.05D from corner

. —2.6% if distance 0.5 from corner
.—1% if downstream tapping 0.1D too far downstream or

+1% if downstream tapping 0.1D too far upstream

Positive

From —30% up to -5—30%

" From —2% to +5% for 10% diserepancy

From —6% to +1% for 10% discrepancy

From —60% up to +60%

From —1% to +1% if eccentricity 0.015D max <5%

© +2% if angle 12° instead of 15°

Neone, only affects pressure loss
Up to +1.5% if incorreet

Negative error for increasing roughness
—3% for water if Rep = 20 000

and d / rovghness plate = 80

—2% for water if Rep = 20000

and d / roughness plate = 620




(Continued)

" Order of the error

Defects in primary Primary element to be expected
mensuring element actual reading — true reading
- . x 100
true reading s
Increasing roughness  Venturi tubes Positive error
Bending of orfice. Orifices Unpredictable
Too short an upstream
straight length after;
a. single bend All differential pressure devices Error varies with plane of tapping and straight length
b. double bend in one plane  Square edge orifice/corner tappings 0.55  <<+0.5% if straight length> 4D
075 - <+3 % if straight length>> 4D
¢. three bends at right Square edge orifice/corner tappings <075 <—5 %if straight length> 4D
d. open gloBe valve Square edpe orifice/corner tappings 0.55  <<41.5% if straight length> 4D
' 075  <+5 % if straight length> 8D
Square edge orifice with flange <075 <+2 % if straight length> 6D
or radius tappings
Pipe bend <+3 % if straight length> 8D
e d.iverge:it taper piece Square edge orifice/corner tappings 040 ~10 % if no straight length at all
(from 0.5D to D over 0.70 —50 % if no straight length at all
1.83D}
f. convergent taper piece Square edge orifice/corner thppings 040  From —0.5% to +0.5% if no straight length at al}
(from 1.25D to D over D) ' }
070 +2% if no straight length at all
g. thermowell Orifices <+2% if dia. well>>0.04D and straight length < 15D
h. change in internal pipe Orifices Negligible if dia, change <\20% and straight length>>7D
dia. (weld between 2 pipe
sections of different
scheduie) -
Too short a downstream
straight length after:
a. single bend Square edge orifice/corner tappings Error varies with plane of tapping
b. donble bend in one plane  Square edge orifice/corner tappings 0.55 <—2 % if straight length> 1D
' 075  <—3 B if straight length> 1D
c. three bends at right Square edge orifice/corner tappings 0.55 <—2 % if straight length> 1D
angles 0.75  <—2.5% if straight length> 1D
d. open globe valve Square edge orifice/corner tappings 0.55 < —0.5% if straight length> 1D
0.75 <—1 % if straight length> 1D
No downstream straight Square edge orifice/corner tappings . <04  +1%
length between device and ' 0.7 —1%
taper piece {from D to
. 0.3D over D)
Error in measured D Sguare edge orifice 074 > —-4%ifD = D+5%
Abnormal roughness Square edge orifice/any tapping <0.3  Negligible
Following data for Square edge orifice/carner tappings 0.5 +9%iD=DNS0O
roughness = 6 mm (For other tappings and device 0.7 +40%if D = DNBO
error magnitude most likely smaller) 05 + 2%ifD = DN 300
0.7 + 8% if D = DN 300

+ 1% for D = DN 300 if cleaned over 5D upstream
+ 1% if cleaned over 7DD upstream

Negligible if cleaned over 15D upstream.
+ 2% for D = DN 80 if cleaned over 5D upstream
+ 1% if cleaned over 15D upstream

Negligible if cleaned over 30D upstream
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{Continued}

Qrder of the error

Defects in pﬁhmry Primary element B to be expected
measuring element actual reading — true reading % 100
true reading .
Venturi tubes "Negative
Foreign matter in bore All differential pressure devices Positive, increasing magnitude for higher 8
of device : : :
Foreign deposits on Orifice any tapping Negative, increasing magnitude for higher 8
upstream side of device
Pulsating flow Any device Usuaily positive and very high
Excessively low pipe Square edge orifice/flange or 03 . —=7.5% at Rey = 1004, up to —17% at Rep = 250
Reynolds Number vena contracia tappings
0.6 —19% at Re; = 1000, up to —26% at Rep = 250
..Square edge orifice/corner or 0.3  —2,5% at Repy = 1000, up to —14% at Rep, = 100
radius tappings '
0.6 = =

13.6 References

ISO 5167
BS 1042 (1964)
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—20% at Rep

1000, up to —25% at Repy
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14.2.2
143

144

Section 14. General data

Reynolds Number and viscosity

Standard pipe diameters ANSI and DIN

Values of D of ANSI sizes DN 50 to DN 600 (27 to 24")
Values of D of DIN sizes 50 to0 500 mm -

Pipe wall roughness

Steam quality correction factor
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141 REYNOLDS NUMBER AND VISCOSITY

To express the characteristics of a flow, a dimensionless quantity, the Reynolds Number is used.

The pipe Reynolds Number Rep = pVpD/n = 1000 VpD/v

The orifice or .

throat Reynolds Number Rey = pVad/n = 1000 Vyd/v

where:

p = density (kg/ o)
Vp = mean velocity in the pipe {m/s)
Vi = mean velocity in the orifice or throat (m/s)

/] = absolute or dynamic viscosity _ (mPa-s)
v = kinematic viscosity (mm?/s)
D = internal pipe diameter (mm)

d = orifice or throat diameter (mm)

while Rep, = SRey and v = 1000 7/p

In this handbook the pipe Reynolds Number Reyp, is used in accordance with the ISO 5167 recommen-
dation, as its value can be calculated before the orifice diameter has been determined.

The calculation of one pipe Reynolds Number at design flow is usually sufficient for practical appli-
cations. When calculating the Reynolds Number for gas or steam flows it is usually more convenient to
use the absolute viscosity (independence of pressure).

For calculation, the following practical formula can be vsed for liquid and gas:

Rep = 1.2732 x 106 g/qD

where:
Rep = pipe Reynolds Number at flow g
q = mass flow rate (kg/s)
D = internal pipe diameter {mm)
(the substitution of the nominal pipe size is usua]ly
accurate enough for practical purposes)
7 = absolute or dynamic viscosity under operating conditions (mPa-s)

If the calculated pipe Reynolds Number at design flow is close to the prescribed limits, it will be
necessary to check Rep at minimum flow and/or maximum flow.
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142 STANDARD PIPE DIAMETERS ANSI AND DIN

1421 Values of D of ANSI sizes DN 50 to DN 600 (2" to 24")
'Ref. ANSI B 36.10. ' o '

Nominal pipe Pipe schedule " Internal dia. D Internal dia. D
size ) (in.} (mm) -
DN 50 (2 inch) 40 ' 2,067 52.50
: . 80 : 1.939 4925
_ 160** 1.689 42.90
i 40 ) 3.068 77.93
DN 203 :anh). 20 B 2900 73.66
160** 2.624 h 66.70
DN 100 (4 inch) 40 4.026 - 102.26
N 80 3826 97.18
120%* ) 3.624 9205
160** 3.438 8733
DN 150 (6 inch) 40 6.065 154.1
T 30 3.761 146.3
120** 5501 ’ 139.7
160%* 5.189 ' 131.8
DN 200 (8 inch) 20 _ 8.125 2064
30 8.071 205.0
40 . . 7.981 202.7
60 7.813 198.5
80 7.625 193.7
_ 120 7.189 182.6
DN 250 (10 inch) - 30 10.136 257.5
40 10.020 254.5
60 o 9.750 247.7
80 9.564 : 24%.9
DN 300 (12 inch) 30 12.090 307.1
: - 40 . 11.938 303.2
60 . ' 11.626 2053
80 S 11376 - 289.0
DN 350 (14 inch) 30 13.250 : 336.6
’ 40 13,124 3334
60 } 12.814 325.5
L . 80> - .. 12500 L C317.5
DN 400 (16 inch) ' 30 Sl 15.250 oo 3874
40 : ' 15.000 ° o 381.0
60 : 14.688 373.1
Bo** - T 14.314 - 3636
DN 450 (18 inch) 20 - 17.376 ’ 441.4
' 3p ' 17.124 435.0
40 16.876 -428.7
60> 16.500 419.1
80>+ 16.126 _ : 409.6
DN 500 (20 inch) ' 20 19.250 o 4B88.9
. 30 19.000 : 4B2.6
40 18.814 ' 477.9
60™* 18.376 ) 466.8
‘ ) BO** 17.938 455.6
DN 600 (24 inch) - 20 23.250 590.6
30 22.876 581.1
40 ’ 22.626 5747
60** 22.064 560.4
80** 21.564 547.7

*)} Use these figures as a guide in design only; always measure the actual diameter. .
**) Fpr the high value of the standard metric orifice diameter, the upper B limit of 0.70 will be exceeded when using this
_ pipe. ’
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14.2.2 Values of D of DIN sizes 50 to 500 mm

Pipe size DN _ PN . Internal dia. D
(Nennweite)* (Nenndruck)* (mm)
. .50 25 . 52,3%*
25/40, 64 52.3*%*
100 51.3**
80 25 | 80.9
- 25/40 80.9
64 78.9
100 7.7
100 25 _ 106.3
25/40, 64 103.1
100 983 .
150 25 158.3
25/40 155.7
64 154.1
200 25 209.1
25/40 204.9
&4 203.1
250 25 261.8
25/40 258.8
64 255.4
300 25 3113
25/40 307.9
64 -301.9
350 25 3414
25/40 338.0
64 330.6
400 25 390.4
: - 25/40 386.4
64 378.0
500 25 4904
25/40 483.0
&4 473.0

%) Nenndruck (PN) is translated by “nominal pressure”, Nennweite (DN) is translated by "nominal size”. . ...
**)  Uge the figure as a guide in design only; always measure the actual diameter.

Note: Internal diameter D is in accordance with TUV with a corrosion allowance of 1 mm.
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14.3 PIPE WALL ROUGHNESS

The value of kis a uniform equivalent of the pipe wall roughness, expressed in length units, and examples
are given in the table below. -
Pipes with greater relative roughness may be used if the roughness for at least 10D upstream of the
primary device is within the limits given.

Examples of values of the pipe wall roughness, k

Material- Condition k (mm)
brass, copper,
aluminium, smooth, without sediments < 0.03
plastic, glass :
- new, seamless cold-drawn < 0.03
new, seamless hot-drawn 0.05 to 0.10
new, seamless rolled 0.05 to 0.10
new, welded Jongitudinally 0.05 to 0.10
new, welded spirally 0.10
steel slightly msted 0.10 to 0.20
rusty : 0.20 t0 0.30
encrusted 0.50to 2
with heavy incrustations > 2
bitominized, new 0.03 10 0.05
bituminized, normal 0.10 to 0.20
palvanized 0.13
new 0.25
: rusty 1.0to 1.5
cast iron encrusted > 1.5
bituminized, new 0.03 to 0.05
insulated and not insulated, new < 0,03
asbestos cement not insulated, normal 0.05

For superheated and dry saturated steam, the correction factor F; is equal to 1.

144 STEAM QUALITY CORRECTION FACTOR

For steam quality 95% and above, the following table gives the steam quality correction factor. '

steam water F,
quality % % wt
99 1 1.007
98 2 1.015
a7 3 1.022
96 4 1.030
95 5 1.037

or F; = 1+ 0.0074 wt %, for RH,O = 5%
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Appendix A

 Flow meter sizing

Sizing form for square edge orifices with flange tappings
Sizing form for square edge orifices with corner tappings
Sizing form for square edge orifices with radius tappings’
Sizing form for quarter of circle orifices with flange tappings
Sizing form for conical entrance orifices with corner tappings
Sizing form for Venturi tubes (A, B and C) .

Sizing form for rectangular Venturi tubes

Sizing form for ISA 1932 nozzles

Sizing form for long radius nozzles

D00~ N LW R —

Note: A _ ' S “

For the computer program in Basic as given in the following sheets, the accuracy of the calculation -
depends on the type of computer used, and the type of variable. 'I'he hstmgs are written w1th smgle-
position variables, double-posmon will increase the accuracy. : -
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" APPENDIX A-1 | . | |

SIZING FORM FOR SQUARE EDGE ORIFICES WITH FLANGE TAPPINGS
(-
PLANT: TAG No.; ' : |
SERVICE: - :
DATA TO BE SUPPLIED BY OPERATIONS
Approx. norm. quantity q,, senssrsasmrssssrnesassassrasns KBSS Density p under operating cuﬁd. wearsnsamsrranssarsensimsene KE T
Viscosity 7 under operating cond. o MPE- 5 Operating pressure p
Operating temp. T °c Water confent in wet steam
Orifice diameter d_, at Ty siassensee MM Linear expansion coeff, o,
Internal pipe dia. D,, at Ty avees DI . Linear expansion coeff, a,,,,
Transmitter range DP bar Ambient temp. Ty o rermerereinspsasassstes
Indication X of q on scale (0-10) s Limitations: ' - 02 =f =075
Bleed hole size y +ve. IIITE ) S EEER T 1260 82 D < Rep <108
" Ratio of specific heats x = C,/C, S e L o S
1. D = Dy {1 + aype (T — To)] | D= O
12732 - 106 L
2. (Rep)ies = 5 (Gm)acs (RED)des = weerrmmenen _—
]
3. F, =1+ 00074 W, | )
For gas and liquid F; = 1 :
4. B "'. (46 . 10_]0 D4 (DP) :x?_p} + (qm)zdes B _eStlmatEd_B = ererenscnmcsreiseanas
5. €= 1—[0.4] + 0.35 B%4-[(DP)/p]-[X/10P- 51 €= eeeieeeneenenens
N.B.: If the fluid is a liquid € = 1
' . 1068 075
6. C = 0.5959 + 0.0312 82! — 0.184 88 + 0.0029 B2 ]
(ReD)cles
2.286] foe1 At [0.85598] .
+ [2286] g1 - oy 22218 Com
Note: If D<< 58.615 mm use 0.0390 as coefficient of
B4 - B
_ [28470.5 (amdaes V1 = 34] 05
7. B= D% C X F, \/p (DB) calculated 8 = ...cceerevevcnenee
Repeat 5 through 7 until calculated 8 agrees with
previously calculated 8 to within 0.01%
8. d=8D | d= e mm )
9. dp=d[t —0.55 /A1 + apae (T — T Ao = ovrrrereceesenene mm [
Calculated by: Date: Sign.: .
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10
20
30
40
50
60
70
80
90

100

110

120

130

140

150

160

170

500

510

520

530

540

550

560

570

580

590

600

610

620

630

640

650
660
670
680
690
700
710
720
730
740
750
760
770
780
790
800
810

COMPUTER PROGRAM IN BASIC FOR A-1 .

IF FLUID$="G™OR FLUID$="S" THEN E = 1 — {0.41 + 0.35 » BA4) » (DPN/P)/Y

INPUT "Service Liquid {L), Gas (G) or Steam (S) " FLUIDS
INPUT "Approx. normal flow [ kg/s]",Qm
INPUT "Viscosity under operating conditions [m Pa-s}",N
INPUT "Operating temperature [ °ClT
INPUT "Density under operating conditions - - [ kg/m3]".R
INPUT "Operating pressure [ bar}”,P
INPUT “internal pipe diameter at To [ mm)}".DM
INPUT "Transmitter range ' [ bar]".DP
INPUT “Indication of normal flow on scale (0-10) . _ X
INPUT “Bleed hole size - - L  mml",DH
INPUT “Linear expansion coeff, pipe 1 /°CI"AP
INPUT “Linear expansion coeff. orifice [ /°C]"AQ
INPUT "Ambient temperature [ °Cl]",T0
IF FLUID§="L" THEN W=0 :GOTC 500 :
INPUT "Ratio of specific heats Cp/Cv Y

IF FLUID§="G" GOTO 500

INPUT "Water content in wet steam [ %W
REM STEF 1 {calculate D under operating conditions)
D=DM=#* {1+ AP* (T —TO)) '
"REM STEP 2 . (calculate ReD)

RED = 1273200+ QM / (N * D)

REM STEP 3 ) (calculate steam correction factor Fs)
FS = 1+ 0.0074 * W :

REM STEP 4 _ (calculate dp at normal flow indication)
DPN = DP * (X / 10 )72 ' '
REM STEP 5 (calculate estimated f)

B = (QMA2 / (4.6 » 10A—8 * DA4 x DPN * R + QMA2)) A0.25

REM STEP 6 (calculate epsilon}

E=1 '

REM STEP 7- {calculate discharge cosfficient)
C = 0.5859 + 0.0312 * BA2.1 — 0.184 = BA8 + 0.0029 * BA2,5 =

(1000000 / RED)*0.75 — 0.85598 * BA3 / D
IFD < 58.615 THEN C = C + 0.039 + BAL / (1 — BAM )

C=C+2.286%BA /(D (1 — BAD)

REM STEP 8 {calculate new S}
= (2847.05 QM / (DA2 %E #F5 *C #(1 —BA4)A—0,5 *(DPN# R)AQ.5)}A0.5

GOTO 670

HEM check if calculated B agrees with previous 8 within 0.01%

IF ABS {(B —B1) /B1) > 0.0001 THEN B=B1 :

DOM = DO {1 —0.55 *{DH /DO)A2) / (1 +AO * (T —T0))

REM STEP 9 _ (calt:ulate d orifice at line temp)
DO =B1+D .
'REM STEP 10 (calculate d orifice at ambient temp) -

REM the following lines will print the output and restart the program

PRINT "Qrifice diameter at To [ mm]"DOM

PRINT "Beta ratio

PRINT "Reynalds Number
INPUT "A new calculation Y/N
IF A$="Y" GOTO 10

END
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APPENDIX A-2

SIZING FORM FOR SQUARE EDGE ORIFICES WITH CORNER TAPPINGS

PLANT:

TAG No.:

SERVICE:

Approx. norm, quantity q.,
Viscosity 7 under operating cond.
Operating temp. T

DATA TO BE SUPPLIED BY OPERATIONS

Density p under operating cond, -
Operating Pressure P° . . coscssmseinns bar
Water content in wet SO eperiesrsssisrenins Ewt

Orifice diameter d_;, at Ty
Internal pipe dia. D at Ty

' ' °C
PP —

[N L 1

Linear expansion coeff. oy,
Linear expansion coeff, ey,

Transmitter range DP

Indication X of g, on scale (0-10}
Bleed hole size y

Ratio of specific heats k = C,/C,

Limitations:

1. D = Dm [1 + o:pipl: (T - TU)]

1.2732 - 108
2. (Rep)ges = 2D Gl

3. F;, = 1+0.0074 W,
For gas and liquid F; = 1

4. B = () s ]“.25
: (4.6 - 1010 D4 (DP) X2p) + (Qm)%aes

5. ¢ = 1 — [0.41 + 0.35 B4]-[(DP)/p]- [X/ 102" &)
N.B.: If the fluid is a liquid € == 1 *

6. C = 0.5959 + 0.0312 821 — 0,184 88 + 0.0029 B25 [ -

;g = 284705 @naes V1= F = 34 05

Ambient temp. T, - P 8-

023 <B8 =080 -

5000 < Rep< 100 for 0.23 < B < 0.45

10000 < Rep= 10 for 045 < 8 < 0.77
20000 = Rep=t 10* for 0.77 < 8 =< 0.80

estimated 8 = S

.16& ']0.'.75 o
C = rrcrrrvsverenens
(ReD)des ' i - )

= DECX Fs \/p (DP) calculated B = .........f ............
Repeat 5 through 7 until calculated 8 agrees with '
previously calculated B to within 0.01%
8. If Rep > 106 then Zpoy = Zg, ZRep = eovrrirsermenes |
otherwise Zp., = (Zy— 1) [log (Rep)/6F + 1 :
9. 8= 8(Zg. )" | corrected B = .iniicreninnns
10. d=8D A= crerceriereneeren min
1L dg = d[1 — 0.55 (y/d)?] [1 + epaee (T — To)I! i I R mm
. Calculated by: Date: Sign.:
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10
20
30
40
50
60
70
80
90

100
110
120
130
140
150
160
170
500
510
520
530
540
550
560
570
580
590
600
610
620
630
640
650
660
670
680
690
700
710
720
730
740
750
760

770.

780
790
800
810
820
830
840

850

COMPUTER PROGRAM IN BASIC FOR A-2

INPUT "Service Liquid (1), Gas (G) or Steam (S) '  FLUIDS

INPUT "Approx. normal flow : [ kg/skmam
INPUT "Viscosity under operating condltlons ' [m Pa-s]",N
INPUT "Operating temperature o [ °C}.T
INPUT "Density under operating cond:tlons o [ kg/m3]".R
INPUT "Operating pressure L ‘[ barl",P
INPUT “Internal pipe diameter at To L ‘[ mml”,DM
INPUT "Transmitter range ' [+ bar]",DP

INPUT “Indication of normal flow on scale (0 100 - 7 - ' : X

INPUT "Bleed hole size [ mm}"DH
INPUT "Linear expansion coeff, pipe [ /°CI"AP
INPUT "Linear expansion coeff. orifice [ /°CI"AO
INPUT -"Ambient temperature [ °Cy TG

IF FLUID$="L" THEN W=0 :GOTO 500

INPUT "Ratio of specific heats Cp/Cv ' Y

IF FLUID§=="G" GOTO 500 .

INPUT "Water content in wet steam I %17, W
REM STEP 1 _ (calculate D under operating conditions)
D=DM=*{14+AP+(T ~TO})

REM STEP 2 ' (calculate ReD)

RED = 1273200+« OM / (N * D)

REM STEP 3 ) (calculate steam correction factor Fs)
FS = 1 + 0.0074 = W g I
REM STEP 4 (calculate dp at normal flow indication)
DPN = DP * { X / 10)A2

REM STEP 5 (calculate estimated f)

B = {QMA2 / (4.6 » 10~~8 = DA = DPN = R + QMA2)} A0.25

REM STEP 6 (calculate epsilon)

E=1 '

IF FLUID$="G" OR FLUID§= "S"THEN E= 1 —{0.41 + 0.35 * BA4) * (DPN/P)/Y
REM STEP 7 (calculate discharge coefficient) '

C = 0.5959 + 0.0312 * BA2.{ — 0 184 » BA8 + 0.0029 * BA2,5 = (1000000 / RED}'\O 75

REM STEP 8 {calculate new f)

B1 = {2847.05 *QM / (DA2 +E *#FS #C {1 —BAN}A—0.5 *(DPN# R} 0. 5))"\0 5

REM check if calculated 8 agrees with previous £ within 0.01%

IF ABS {(B —B1) /B1) > 0.0001 THEN B=B1 : GOTO 600

REM STEP 9 (check on roughness correction factor)

PRINT "Beta ratio . 7B1 o

INPUT "Roughness correction factor Zo :",Z20

IF RED>= 1000000 THEN ZRED=Z0 ELSE ZRED =({Z0— 1)*(LOG(RED/ 1000000))"2 +1

REM STEP 10 (calculate corrected fi)

B1 = B1 / ZREDAD,5 N

REM STEP 11 - {calculate d orifice at line temp)

DO =B1#*D : ,
REM STEP 12 {calculate d orifice at ambient temp)

DOM = DO *(1 —0.556 =(DH /DO)"2} / (1 +AO * {T —TO))
REM the following lines wilt print the output and restart the program

'PRINT "Orifice diameter at To [ mm)";DOM
PRINT "Beta ratio _ _ B
PRINT "Reynolds Number . RED
INPUT "A new calculation Y/N . L AS
IF A3="Y" GOTO 10

END
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APPENDIX A-3

SIZING FORM FOR SQUARE EDGE GRIFICES WITH RADIUS TAPPINGS

PLANT: TAG No.:

SERVICE:

DATA TO BE SUPFLIED BY OPERATIONS

Density p under cperating cond. . rmrsrssmressensassssiss KB/ m? B

Approx. norm, quantity qp,
Viscosity 5 under operating cond. _ Operating pressure p. R —— .
Operating temp, T Water content in wet Steam 7 7 iasnsrisens . b wt

Orifice diameter d; at T Linear expansion coeff. oy,

Bleed hole size y

PR — 1260 4D < Rep < 10¢
Ratio of specific heats x = C,/C, st S S

For gas and liguid F; = 1

1010 D4 (DP) X2p) + () %des

N.B.: Iftheﬂmdmahqmde* 1

0.75
5 C= 05959+00312321—0184,88+00029325[ ] +
(RG )du

Repeat 5 through 7 until calculated B agrees with |
previously calculated 8 to within 0.01%

Internal pipe dia. D, at Ty Linear expansion coeff. oy,
Transmitter range DP Ambient- temp. Ty S ]
Indication X of q,, on scale (0-10) Limitations: ' 02 =R é 0. 75

1. D= Dm [1 + apipe (T - TG)] D= ... : ainerenaes ]:I:Im -
1.2732 - 108 - S :

2. (Replaes = 5 (q”‘)““ | (RED)des = woivsreciuneerromiin .

3. F, =1+00074W, ' A B - A I

- ‘ © 1035 e . . .
4, B = [(46 . - (qm)Zdes ] - 5 estimated ﬁ = -...................'......'“ o

5. €= 1-[041 +0.35 p4-[(DPY/p]- X/10P-%"1 - - o

+0.039 B4 (1 — B9-1 — 0015839 B2 T e
_ [284705 (4 VI F) os
7. B= D% C X F, 1/p (DP) ) S Qalculated ﬁ.= oo o

8 d=8D . | U d= —T

9. d, =dl — 055 /20 + apge (T — Tl [ P
Calculated by: _ Date: Sign.:
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COMPUTER PROGRAM IN BASIC FOR A-3

10 INPUT “Service Liquid (L), Gas (G) or: Steam (S) ", FLUID%
20 INPUT "Approx, normal flow T kg/s] ,aM
30 INPUT "Viscosity under operating condttions [m Pa-s]",N
“40 INPUT "Operating temperature _ B T o1 o )
50 INPUT! “Density under operating condltlons [ kg/m31"R
60 INPUT "Operating-pressure - : { = bar]"P
70 INPUT "Intemal pipe diameter at To L mm]”.DM
80 INPUT "Transmitter range [  bar])"DP
90 INPUT “Indication of normal flow on scale (0-10) . X
100 INPUT "Bleed hole size [ mm]}"DH -
110 INPUT “Linear expansion coeff. pipe [ /°C]"AP
120 INPUT “Linear expansion coeff. orifice [ /°C) AOD
130 INPUT "Ambient temperature I °CYTO
140 IF FLUID$="L" THEN W=0 :GOTO 500 B
150 INPUT "Ratio of specific heats Cp/Cv Y
1680 IF FLUID$="G" GOTO 500 CoTe e
170 INPUT "Water content in wet steam [ %1 W
500 REM STEP 1 (calculate D under operating conditions) -
510 D=DM#* {1+ AP * (T —~ TO)) -
520. REM STEP 2 ~ {calculate ReD}
b30 RED = 1273200+QM / (N =+ D) ' ‘
540 REM STEP 3 : (caiculate steam correction factor Fs)
550 FS =1+ 0.0074*W _ e
560 REM STEP 4 ' o (calculate dp at normal flow indication) .
570 DPN =DP#* (X / 1012
580 REM STEP 5 {calculate estimated SB) :
590 B = {QOMA2 / (4.6 *» 10A—8 * DA4 = DPN * R + QMA2)) A0.256
' 600 REM STEP 6 {calculate epsilon) '
610 E= 1 .
620 IF FLUID$="G" OR FLUID$="S" THEN E = 1 — {0.41 + 0.35 * BA4) * (DPN/P)/Y
630 ‘REM STEP 7 {calculate discharge coefficient) -
640 C = 0.5959 + 0.0312 = BA2,1 — 0.184 * BAB + 0.0020 % BA2, 5 # (1000000 / RED)AO 75 +
o "+ 0.0039 #BA4 {1 — BA4)A — 1 — 0.015838 BA3
650 REM STEP 8 {calculate new B} _
660 B1 = (2847.05 *QM / (DA2 *E #FS *C *(1 —BA4)A—0.5 *(DPN#* R}A0.5)A0.5
670 REM check if caleulated .8 agrees with previous 8 within 0.01% -
680 IF ABS ((B'—B1) /B1) > 0.0001 THEN B=B1 :
690 REM STEP 9 . : (calculate d orifice at line temp)
700 DO=B1=*D
710 REM STEP 10 {calculate d arifice at ambient temp)
720 DOM = DO *{1 —0.55 *(DH /D0O)}*2) / (1 +AQ * {T —TO))
730 REM the following lines will print the output and restart the program
740 PRINT "Orifice diameter at To [ mm]";DOM
750 PRINT "Beta ratio
760 PRINT "Reynolds Number
770 INPUT "A new calcuiation Y/ N
780 |IF A§="Y" GOTO 10
790 END

211



APPENDIX A-4

SIZING FORM FOR QUARTER OF CIRCLE ORIFICES WITH FLANGE TAPPINGS

Operating temp, T

°C Water content in wet steam

PLANT: TAG No.:
SERVICE;
DATA TO BE SUPPLIED BY OPERATIONS
Approx. norm. quantity q, .... kg/s Dznsitj p under o'peraﬁng cond.
Viscosity 7 under operating cond. i, MPa<§ Operating pressure p '

Orifice diameter d, at Ty
Orifice r

Indication X of g, on scale (0-10)
Bleed hole size y — oo
Ratio of specifie heats x = C/C, i

Linear expansion coeff, ay .,
Linear expansion coeff. ey,

Internal pipe dia. Dy, 8L T, Ambient temp, T, A o3
Transmitter range DP Limitations: ; 0245 =8 =04

1000 8+ 9.4 - 105 (8 ~ 024)" < Rep’ < 10°8

L. D =Dyl + e (T ~ To)] D= i T
1.2732 - 106 S o _
2. (RED)des = T D (gm)des . (RED)dE = — ERGO
3. F,=1+0.0074 W, Fo = i
For gas and liquid F; = 1
_ R ]025 | .
4, B = (46 . 1010 D4 (DP) sz) + (q.m)zdes estimated B T2 rnrerererserareents
5. € =1~ [0.4] + 0.35 84]-[(DP)/p]-[X/102-k™! D S
N.B.: If the fluid is a liquid ¢ = 1 ' '
6. C = 073823 + 0.3309 B — 1.1615 B2 + 1.5084 3 . S G
_ {28470.5 (qp)ues VI — B7| 5 o o
7. B= D% C X F, v/p (DP) . - calculated B = Lo
Repeat 5 through 7 until calculated B agrees with .
previously calculated 8 to within 0.01% :
8. d=8D d= ieiieiens mm
9. dy =d[l-055/d?[1 + e (T — Tl Ay = cevrenveeeienne .. Inm
_ (0.0757141 B — 0.06253143) d . _ o
10. & = B — 0.6828572 T = tcccisnesnsinnes mm
Calculated by: Date: Sign.:
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i0
20
30

40

50
80
70
80
90

100

110
120
130
140
150
160
170
500
510
520
530
540
550
560
570
580
590
600
610
620
630
640
650
660
670
B8O
690
700
710
720

730

740

- 750

760

770

780
790
800
810
820

~ COMPUTER PROGRAM IN BASIC FOR A-4

INPUT "Service Liquid (L), Gas {G) or Steam (S) - I FLUID§

INPUT "Approx. normal flow : [ kg/slm.aM
INPUT "Viscosity under operating conditions [m Pa-s]",N ~
INPUT "Operating temperature : oo [ °CI"T
INPUT "Density under operating condltlons ' Tkg/m3]"R
INPUT "Operating pressure o N [ bar]:",P
INPUT “Internal pipe diameter at To S {  mm]"DM
INPUT "Transmitter range . L bar]:",DP
'INPUT “Indication of normal flow on scale {0-10) X
INPUT "Bleed hole size mm]:",DH

[

INPUT “Linear expansion coeff. pipe [ /°CI]".AP
INPUT "Linear expansion coeff. orifice ' [ /°Cl"AOQ
INPUT "Ambient temperature [ °Cl",TO
[F FLUID$="L" THEN W=0 :GOTO 500

INPUT "Ratio of specific heats Cp/Cv Y

IF FLUID§="G" GOTO 500 -
INPUT "Water content in wet steam o1 %] W
REM STEP 1 {calculate D under operating conditions)
D=DM~»*(1 +AP*(T—TO))

REM STEP 2 (cafculate ReD)

RED = 1273200+ QM / (N *D) ‘ :
REM STEP 3 {calculate steam correction factor Fs)
FS = 1.+ 0.0074 * W

REM STEP 4 {calculate dp at normal flow indication)
DPN = DP » (X / 10)A2

REM STEP b {calculate estimated f3)

B = (QMA2 / {4.6 * 10A— B*D"\4*DPN*R+QMA2)) AD.25

REM STEP & (calculate epsilon)

E=1

IF FLUID§="G" OR FLUID$="S" THEN E = 1 ~ (0.41 + 0.35 * BA4) * (DPN/P)/Y

'‘REM STEP 7 (calcuiate discharge coefficient)

C=0.73823+ 0.3309*B — 1.1615 = BA2 + 1.5084 = BA3

. ,REM STEFP 8 {calculate new A)

B1 = (2847.05 *QM / (DA2 +E *FS *C (1 —BA4)A—0.5 »(DPN* R)A0. 5))"0 5
REM check if calculated B agrees with previous £ within 0.01%
IF ABS {(B —B1) /B1) > 0.0001 THEN B=B1 : GOTO 600

HEM STEP 9 : _ {calculate d arifice at line temp)
DO =B1*D : ‘

REM STEP 10 (calculate d orifice at ambient temp)
DOM = DO #(1 —0.55 »({DH /DO)A2) / (1 +AQ * {T:—T0O))} -

REM STEP 11 {calculate the radius)

RA = {0.0757141 * B1 — 0.06253143) * DOM / { B1 — 0.6828572)
REM the following lines will print the output and restart the program

PRINT “Orifice diameter at To - [ mm]";DOM

.PRINT "The radius of the orifice [ mm]™RA

PRINT "Beta ratic B1 -
PRINT "Reynolds Number I:RED o
INPUT "A new calculation Y/N " A$
IF-A$="Y" GOTO 10

END
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APPENDIX A-5

SIZING FORM FOR CONICAL ENTRANCE ORIFICES WITH CORNER TAPPINGS

PLANT: : . TAG Nao.:

SERVICE:

DATA TO BE SUPPLIED BY OPERATIONS |

Density p under operating cond.

ADprox. norm, quantity QG seessesssrrssiemsssnisins kp/s

Viscosity 11 under operating cond. setrasssrsaasrsstrsesbrasee mPa-s Operating pressure p o

Operating temp, T JUVR o Water content in wet steum

Orifice diameter d,, at Ty JR— Lincar expansion coeff, ay,, ERR AR L o
Iniernal pipe dia. D at Ty Lineor expansion coell. oy, NS b 01
Transmitter range DP Ambient temp. Ty S meereresesessssasassseens
Tndication X of q,, on scale (010} Limitations: 0l <f <0316

Bleed hole size y
Ratio of specific heats x = C,/C,

1. D = Dyl + type (T — Tg)]

1.2732 - 105
2. (Replaes = — D CEVE

3. F,=1+00074 W,
: For gas and lignid F; = 1

B ( qm)2 N 0.25
4. B= [(4.6 . 10-10 D# (DPC; X2p) + (qm)zdes]

5. €= 1—[041+ 0.35 8%]-[(DP)/p}-[X/10] k!
N.B.: If the fluid is a liquid e = 1 '

6. C
C

[

0.734 for 250 B < Rep < 5000 8
0.730 for 5000 B< Rep < 2-10° 8

' g = [28 470.5 (qedaes V1 — 34] 05
~ L D% CXF; Vp (DP) |

Repeat 5 through 7 until calculated 8 agrees with

previously calculated 8 to within 0.01%

8. If Rep = 106 then Zg,, = Zy,
otherwise Zg.;, = (Zo — 1) [log (Rep)/6F +1

9. B =B (Zn) s
10. d=8D

1. dy = d {1 — 0.55 (/8 [1 + aggee (T = T)!

2508 <Rep=2- 10°8

estimated B = .ccorrviciienenes

calculated B8 = ...cooreeceinnes o

Zrep = worcrrsrrne -

corrected B = ...cccvnnen S

d= . eeveaiane mm

Calculated by: Date:

Sign.:
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COMPUTER PROGRAM IN BASIC FOR A-5

10 INPUT "Sarvice Liguid (L), Gas {G} or Steam (5} : ' - FLUIDS

20 INPUT "Approx. normal flow [ kg/s]".QM
30 INPUT "Viscosity under operating conditions . = . [m Pa-s]:",N
40 INPUT "Operating temperature : [ °Cl"T
50 INPUT "Density under operating condmons ' - [ka/m3}".R
60 [INPUT "Operating pressure ' E L bar]",P -
70 INPUT “Intémnal pipe diameter at To [ mmlDM
BO [INPUT "Transmitter range : - [ . bar]".DP
90 [INPUT "Indication of normal flow on scale (0 10) X
100 INPUT “Bleed hole size [ mml]~DH
110 INPUT "Linear expansion coeff. pipe [ /°C]"AP
120 INPUT "Linear expansion coeff. orifice [ /°C}AQ
130 INPUT "Ambient temperature [~ °CI"TO
140 IF FLUID$="L" THEN W=0 :GOTO 500
150 INPUT "Ratio of specific heats Cp/Cv : Y
160 |IF FLUID§="G" GOTO 500 .
170 INPUT "Water content in wet steam : L %17 W
500 REM STEP 1 {calculate D under operating conditions)
510 D=DM=* {1+ AP* (T — TO))
520 REM STEP 2 {calculate ReD)
530 RED = 1273200 * QM / {N * D)
540 REM STEP 3 . (calculate steam correction factor Fs).
550 FS = 1+ 0.0074 * W E ' S
560 REM STEP 4 (calculate dp at normal flow indication)
570 DPN =DP s (X / 10)A2
580 REM STEP 5 {calculate estimated f)
590 B = (OMA2 / (4.6 * 10/—-8 = D’\4 * DPN * R 4+ QMA2)) AD.25
600 REM STEP 6 {calculate epsilon)
610 E=1 '
620 IF FLUID$="G" OR FLUID$="%" THENE =1 — (0.41 + O. 35 * B’\4) * (DPN/P}/Y
630 REM STEP 7 {calculate discharge coefficient)

640 IF RED >= 250 * B AND RED <<= 5000 » B THEN C = 0.734

6560 . IF RED > 5000 * B AND RED <= 20000 * B THEN C = 0.730

660 REM STEP 8 (calculate new A) :

670 B1 = (2847.05 *QM / (DA2 *E *FS +C #{1 —BA)A—0.5 *(DPN#* R)A0.5)40.5

- 6B0 REM check if calculated 8 agrees with previous £ within 0.01%

690 IF ABS ((B —B1) /B1) > 0.0001 THEN B=B1 : GOTO 600 -

700 REM STEP 9 (check on roughness correction factor)

710 PRINT "Beta ratio B

720 INPUT "Roughness correction factor Zo 70 :
730 IF RED>= 1000000 THEN ZRED=20 ELSE ZRED = (ZO—1)*(LOG(RED/ 1000000))'\2 +1

740 REM STEP 10 {calculate corrected ﬁ)

750 B1 = B1 / ZREDAQ.5 o

760 REM STEP 11 (calculate d orifice at Iine temp)
770 DO =B1*D ) ‘ ot
780 REM STEP 12 {calculate d orifice at ambient temp)

790 DOM = DO *(1 —0.55 *(DH /DO}2) / {1 +AQ * (T —TQ))
800 REM the following lines will print the output and restart the program

810 PRINT "Orifice diameter at To [ mmI";DOM
820 PRINT "Beta ratio MB1

"830 PRINT "Reynolds Number :";RED
840 INPUT "A new calculation Y/N A%
B850 IF A$="Y" GOTO 10 '

860 END
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APPENDIX A-6

SIZING FORM FOR VENTURI TUBES (A, B AND C)

PLANT:
SERVICE:

TAG No.:

Approx. norm. quantity g,
Viscosity 5 under operating cond.
Operating temp, T

- DATA TO BE SUPPLIED BY OPERATIONS

Density p under operating cond.
Operating pressure p
Water content in wet sieam

Venturi throat diameter d; at T,
Veniuri inlet dia. D at Ty
Transmitier range DP

Indication X of g, on scale {0-10)
Ratio of specific heats &k = C/C, .

1. D =Dyl + ayemus (T — Tp)

1.2732 - 106
2. Rephes =~ (lalaes
3. F,=1+00074 W,

For gas and liquid F, = 1

(Qm)zdr.'s

Linear expansion coeff. avynym
Ambient temp, Ty ’

4 B= [(12.3

10-9 D (DP) Xop) + (qm)zaes

s - (B9 (L) 8T

Where: K = [p — (DP) (X/10)2)/p
N.B.: If the fluid is a liquid ¢ =1

C = 0.984
Type B: In case of machine convergent
C = 0.995

C = 0.985

28 470.5 (qu)aes V1 — B? | 0.5
D% C X F; v/p (DP)

7. B=

previously caleulated 8 to within 0.01%
8. d=8D

9. d=dy[l + avenus (T — Tp)]

6. Type A: In case of rough cast convergent '

Type C: In case of rough cast, welded sheet iron convergent '

Repeat 5 through 7 until calculated 8 agrees with

Limitations: ' S
C TypeA:03 < f8=<075and2 - I0° < Rep =2 - 108
Type B: 0.4 =< f < 0.75 and 2 - 10° < Rep = 105 .
Type C:04 < B < 0.70and 2 - 10° < Rep < 2 - 10°
" (REDIes = cereeerererssonnnnes
Fo= e
025
estimated B = .cecreeeecneriecnas
05
- €= reecresieniinns
L O T
calcu]ated B T _
d= rrrerrsrernens mm -

Calculated by: Date:

Sign.:
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10
20
30
40
50
60
70

- 80
90

100
110
120
130
140
150
160
170
500
510
520
530
540
550
560
570
580
590
600
610
620
630
640
650
660
670
680
690
700
710
720 B
730
740

- 750

760
770
780
790
800
810
820
830
840
850

COMPUTER PROGRAM IN BASIC FOR A-6

INPUT "Service Liquid (L), Gas (G) or Steam (S) - o - FLUIDS
INPUT Type of Venturi A, Bor C _ ' TS
IF T$<>"A" OR T§<>"B" OR T§<>"C’ THEN GOTO 20 7
INPUT “Apprax. narmal flow : [ kag/s]".QM
INPUT "Viscosity under operating conditions . [m Pa-s]".N
INPUT "Operating temperature : o S R o o
INPUT "Density under operating conditions _ " [kg/m3]"R
INPUT "Operating pressure L [ barl"P -
INPUT "Internal pipe diameter at To - [ mm]".DM
INPUT "Transmitter range " [ -ber]",DP
INPUT “Indication of normal flow on scale {0-10} X
INPUT "Linear expansion coeff. Venturi [ /°C}"AP
INPUT "Ambient termperature [ °CI"TO
IF FLUID§="L" THEN W=0 :GOTO 500
INPUT "Ratio of specific heats Cp/Cv oY
IF FLUID$3="G" GOTO 500 _ .
INPUT "Water content in wet steam [ %l W
REM STEP 1 (calculate D under operating conditions)
D=DM=*(1+AP*(T—-TO) cen o
REM STEP 2 (calculate ReD)
RED = 1273200« QM / (N* D)
REM STEP 3 (calculate steam correction factor Fs)
FS = 1+ 0.0074 + W _
REM STEFP 4 {calculate dp at normal flow indication)
DPN=DP* (X / 10)A2
REM STEP 5 (calculate estlmated B
B = (QMA2 / {1.23 * 10"\ 7 * DM- * DPN * R + QMA2)) 70,25
REM STEP 6 (calculate epsilon)
IF FLUID§="L"THEN GOTO €50
K = (P—DPN)/P
K1 = KA2/Y) '

K2 = KA{Y—1}/Y)
E=({Y*K1/{Y—1))*{{1~BA4}/ {1 —-BA*K1})*{{1 —K2)/(1 —K)))AO 5
REM STEP 7

IF T§="A" THEN C=0.984
IF T$="B" THEN C=0.995
IF T$="C" THEN C=0.985
REM STEP 8 o  (calculate new fB)

= (2847.05 *QM / (D2 *E *FS *C *(1 —BAN)A—-0.5 *(DPN= R)AO B)Ar0.5
REM check if calculated 8 agrees with previous £ within 0.01% - - :
IF ABS ({B —B1} /B1) > 0.0001 THEN B=B1 : GOTO 580

REM STEP & {calculate d orifice at line temp)
DO =B1*D - o .
REM STEP 10 - {calculate d oriﬁce at ambient temp)

DOM = DO / (1 +AP = (T —TQ))
REM the following lines will print the output and restart the prngram

PRINT “Orifice diameter at To [ mm]";DOM
PRINT "Beta ratio B1
PRINT "Reynalds Number ) - ";RED
INPUT "A new caleulation Y/N TAS
IF A$="Y" GOTO 10 '

END
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- APPENDIX A-7

SIZING FORM FOR RECTANGULAR VENTURI TUBES

SERVICE:

PLANT: TAG No.:

Approx. nom. quantity g,
Viscosity 7 under operating cond.
Operating temp. T

Density p under operating cond. .
Operating pressure p R, .} g
‘Water content in wet steam

DATA TO BE SUPPLIED BY OPERATIONS

Indication X of g, on scale (0-10)  ceereermsserecsctosicsns
Ratio of specific heats x = C/C, st

Throat width w at T, Linear expansion coeff. ayegun erercarmmmsassssssressansan § 7€
Throat height h at T, Ambient temp. Ty ' LU SOREL
Duct width W at Ty e

Duct height H at T, ; \/wh S

Transmitter range DP eoreesmssissssssssssssmrassns DAT Limitations: 044 = =<0

2.10°<Rep =210

1. D, = 1.1284 (WH)?>
2. D=D.[1+ ayenns {T.— To)] o = ereeererenssesensas AL
12732 - 105 (Qdaes -' |
3. (Rep)des = 7D (Gmaes (RED)des = wevesmemreesirireres
4 F,=1+00074W, ) S
-For gas and liquid F; = 1 -
_ (Qm)zdcs ) ] 025 S ' :
5. B= [(12.3 . 10-10 D4 (DF) sz) + (q.m)?'dﬁ ) t:_shmated_ A= ... renersseneaens g
2 : k-1
ol s
. - —1 2 1—-K = tecrenssmsncsaensaees
TN - B
Where: K = [p ~ (DP) (X/10)3)/p
N.B.: If the fluid is a liquid e = 1- .
7. C= 0975 C=10975
_ |28 470.5 (qum)aes V1 — B* 0.3 ' '
8. B - DECX Fs i (DP) N calculated B = esesassnssasscasasne
Repeat 5 through 7 until calculated B agrees with
previously calculated 8 to within 0.01% -~ =
9. In case of two-plane contraction select wand h
wh = f2WH - : Wh = e mm?
w = W = crecersrncnnrnarenses mm
h = T ensssemsanensievents mm
10. In case of one-plane contraction .
w = B%w W T ovvrrrrnraenenenes mm
h = T iistsasnsseusssssnens mm
Calculated by: Date: Sign.:

218



10
20
30
40
19)
60
70
80
20
100
110
120
130
140
150
160
500
510
520

530

540
b50
560
570
580
590
600
610
620
630
- 640,
650
660
670
680

© 690

700
710
720
730
740
750

780 -

770
780
720
BOO
810
820
830
840
850
860
870

' COMPUTER PROGRAM IN BASIC FOR A-7

INPUT "Service Ligquid (L), Gas (G) or Steam (S) S FLUIDS

INPUT "Approx. normal flow : o [ kg/s]".OM
INPUT "Viscosity under operating condltlons . ' -[rn'Pa-s]".N
INPUT "Operating temperature . [ . °Ccl.T
INPUT "Density under operating conditions ' [ kg/m3]".R
INPUT "Operating pressure o s [ barl"P
INPUT "Pipe width at To [ mm]"PW
INPUT "Pipe height at To [ mm]°PH
INPUT "Transmitter range [ -bar)”DP

INPUT “Indication of normal flow. on scale (0-10) X
INPUT "Linear expansion coeff. Venturi /°C]".AP
INPUT "Ambient'temperature °Cl",TO
IF FLUID§="L" THEN W=0 :GOTO 500

INPUT "Ratio of specific heats Cp/Cv ' oY
IF FLUID$="G" GOTO 500

INPUT "Water content in wet steam S (%61 W
REM STEP 1 {calculate D under operating conditions)
DM = 1.1284 * { PH * PW )A0.5

REM STEP 2 ,

D=DM=*{1+AP*(T —TO})

REM STEP 3 (calculate ReD)

RED = 1273200*QM/(N*D) . _

REM STEP 4 . {calculate steam correction factor Fs)
FS = 1 + 0.0074 * W - : o
REM STEP & {caiculate dp at normal flow indication})
DPN = DP * {X/ 10)A2 - _

REM STEP 6 {calculate estimated f)

B = (QMA2 / (1.23 » 10A—7 % DA4 + DPN * R + QMA2)} AD.25

REM STEP 7 A (calculate epsilon)

E=1

[F FLUID$="L" THEN GOTO 690

bamn B o

K=(P—DPN)/P

K1 = KAM2/Y)

K2 = KA(Y — 1)/Y)

E=((Y K1 /(Y —1)) (1 ~BA4) /(1 —BA4 *|<1))*((1— K2) /(1 — K)0.5.
REM STEP 8 :

‘C=0.975

REM STEP 9 (calculate new S)

Bt = (2847.05 *OM / {DAZ *E *F5S *C *{1 —BA4}A—0.5 «(DPN+ R)A0.5) 0.5
REM check if calculated B agrees with previous 8 within 0.01%

IF ABS {(B —B1) /B1) > 0.0001 THEN B=B1 : GOTO 620

REM STEP 10 (calculate d orifice at line temp) -
PRINT "For two-plane contraction:” o o
PRINT "Throat width * hmght . [ mm] ";B1A2 *PW *PH

REM STEP 11

PRINT "For one-plane contraction:”

PRINT "Throat width : [ mm] :";B1A2 *PW

PRINT "Throat height [ mm]:";PH

REM the following lines will print the output and restart the program
PRINT “Beta ratio _ ":B1

PRINT "Reynolds Number RED

_INPUT "A new calculation Y/N . & A8

IF A3="Y" GOTO 10
END-
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APPENDIX A-8

SIZING FORM FOR 1SA 1932 NOZZLES

Ratio of specific heats « = C/C, SO

1. D = Dyl + ayipe (T — To)]

1.2732 - 106
2 Repes = S22 (ke

3. F, =1+ 00074 W,
For gas and liquid F; = 1

(ﬂg)zdcs

4. B= [(4.6 + 10710 D* (DP) X?p) + (qm)?aes

1 - B4 (K

‘Where: K = [p — (DP) (X/10%/p
N.B.: If the fluid is a liquid e = 1

6. C = 0.99 — 02262 g41 +

g = [28 470.5 (gGumaes V1 = p4] 05
7. D% C X F, /o (DP)
previously calculated 8 to within 0. 01%

8§ d=8D

9. dm = dI(l + o (T — To)I™!

5. o= [le0) (22 ) (%5

+ [ 0.000215 — 0.001125 B + 0.00249 p47] -

PLANT: TAG No.:
SERVICE:

DATA TO B'E. SUPPLIED BY OPERATIONS
Approx. norm. quantity G, = 0 s, kg/s Density p under operating cond. srenrmmsmrrerusssissmrenrens KBSTE
‘Viscosity % under operating cond, JUUVRRPONS . 1 13 Operating pressure p R p——— , bar
Operating temp. T S 6 Water content in wet steam ——— - T
Throat diameter d, at Ty ereteriosemsisssansestesens OUHL Lineur expansion coeff, o, sremtrremsiveirsssersansoons § 2C
Internal pipe dia. D, at Ty rrecemssssiesstossmvessenssans TOTIL Linear expansion coefl. a ., SO — /°C
Transmitter range DP aensrsarssssrneroteimmsssesss DK Ambient temp. T, SOOI | S
Indication X of g on scale (=10)  cevereesmssisssisssinens ) Limitations: 03 =B = 0 8 '

70000 =< Rep < 107 for 0.30 < 8 <044
20000 < Rep < 107 for 0.44 < A < 0.0

025 S : —
] © 1 estimated B = e S

Repeat 5 through 7 until calculated B agrees w1th .

C = rrecrrariienne
'105 ] 115
_(ReD)des
. calcnlated B = eeeeeeeeeseeseerene
d = e mm
Ay = ceeieeeneceereeee mm

Ctrlculated by: Date:

Sign.:
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10
20
30
40
50
60
70
80
90

100
110
120
130
140
150
160
500
510
520
530
540
550
560
570
580
590
600
610
620
630
640
650
660
670

680 .

690
700
710
720
730
740
750
760
770
780
790
800
810
820

COMPUTER PROGRAM 1IN BASIC FOR A-8

INPUT "Service Liquid (L), Gas (G} or Steam (S) N FLUIDE '

INPUT "Approx. normal flow L R kg/s] ,amM
INPUT "Viscosity under operating condmons fm Pa-s]".N
INPUT "Operating temperature S - - [ °cyT
INPUT "Density under operating conditions - Tkg/m3)}".R
INPUT "Operating pressure S { bar}"P
INPUT "Nozzle pipe diameter at To [ mml]",DM
INPUT "Transmitter range : [ bar]:",DP
INPUT "Indication of normal flow on scale (0-10) o . X
INPUT "Linear expansion coeff. of the pipe ' [ /°CI"AP
INPUT "Linear expansion coeff. of the nozzle [ /°CI"AD
INPUT "Ambient temperature _ [ 2C1 . TO
IF FLUID$="L" THEN W=0 :GOTQ 500 '

INPUT "Ratio of specific heats Cp/Cv oY
IF FLUID$="G" GOTO 500 _ S
INPUT "Water content in wet steam ' [ %17 W
REM STEP 1 {caleulate D under operating conditions)
D=DM#*(1+AP+{T~TO)

REM STEP 2 (calculate Reb)

RED = 1273200 * QM / (N*D)

REM STEP 3 {calculate steam correction factor Fs)
FS =1+ 0.0074 * W : S e
REM STEP 4 {calculate dp at normal flow indication)
DPN = DP * { X / 10 )72 ‘

REM STEP 6 ' (calculate estimated B)

B = (QMA2 / (4.6 * 10A—8 * DA4 » DPN * R + QMA2)) AQD. 25

REM STEP 6 {calculate epsilon)

E=1

IF FLUID§="L" THEN GOTO 670

K = {(P—DPN}/P

K1 = KA(2/Y)

K2 = IKA{Y—1)}/Y)

E=({Y*K1/{Y—1)}*({1—BA4)/ {1 —BA=K1))*{(1=K2)/ {1 —K)))NO.5 -

REM STEP 7 . {caleulate discharge coeffi c:ent)

C= 099 —-0.2262 *BA4.1 +{0.000215 ~0.001125 *B +0.00249 *BA4.7) * (1000000 /
RED)A1.15

B1 = (2847.05 QM / (DA2 »E #FS *C *(1 —BAY)A—-0.5 *(DPN* H)"\O 5))"\0 5

REM check if calculated B agrees with previous £ within 0.01%

IF ABS {((B —B1) /B1) > 0.0001 THEN B=B1 : GOTO 600

REM STEP 9 : {calculate d nozzle at line temp) .
DO =B1*D .
REM STEP 10 ) o (calculate d nozzle at ambient temp)

DOM = DO / (1 +AQ = (T —TOY)
REM the following lines will print the output and restart the program
PRINT "Orifice diameter nozzle at To [ mm]";DOM

PRINT "Beta ratio =B
PRINT "Reynalds Number : RED
INPUT "A new calculation Y/N A3
IF A$="Y" GOTO 10 '

END
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APPENDIX A-9
SIZING FORM FOR LONG RADIUS NOZZLES
PLANT: TAG No.:
SERVICE: _ .
'DATA TO BE SUPPLIED BY OPERATIONS. i
Approx. norm, quaatity q, [OSTIOA 4741 Density p under op:mtmg cond. . eienebeereieastmereenes kg/m?
Viscosity 7 nnder operating cond. . mPa-s Operating pressure p . PRV bar -
Operating temp. T cearensessemmsasssssssensassns 7C Water content in wet steam B % wt
Throat diameter d_, at Ty mm Linear expansion coeff. oy, B S, rc
Internal pipe dia. Dy, at Ty mm ‘ Linear expansion coelf. @yire  ceissreeearssiseisinsions /°C
Transmitter range DP — T 4 Ambient temp. T, | enssaansssssnsitent °C
Indication X of g, on scale (0-10) [T Limitations: 02 =8 =080 o
Ratio of specific heats ¥ = C/C, e ......... - I.G‘. < Rep < 107 . T
1. D =Dyl aype (T~ Ty D = oo .mm
1.2732 - 105 (qy L
2. (Reb)des = D (qm_)des (Ren)des fo
. n e
3. F,=1+0.0074W, Fe= s
For gas and lquid F;, = 1
4, B= [ (Gm) e ] " timated
0 (46 . 10-10 D4 CDP) sz) 4+ (qm)zdes 1=} ate B T recesiscsnsensreranas
2 k—1
T [ R
. - — 9 — € = rierssatrreraien
k~1 1 - B (K) 1-K
Where: K = [p — (DP) (X/10)3)/p
N.B.: If the fluidisaliquide = 1
106 0.5
6. C = 0.9965 — 0.00653 pos ] . C= ivvivcrennee
(R D)des
28 470.5 0.3
7. B D% C }équ)dBE (DP) . CalCﬂ]atEd B = rscsencssstsssnsaans
Repeat 5 through 7 until calculated B agrees mth :
previously calculated 8 to within 0.01% R
8. d=8D . mm
9. dp = d[(l + @gogge (T — To)! A = oo mm
Calculated by: Date: Sign.:
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10

20

30

40

50

60

70

80

20
100
110
120
130
140
150
160
500
510
520
530
540
550
560
570
580
590
600
610
620
630
640

650 K2 =

660
6§70
680
690
700
710
720
730
740
750
760
770
780
790
800
810
820

COMPUTER PROGRAM IN BASIC FOR A-9

INPUT "Service Liquid (L}, Gas (G) or Steam (S} 7 FLUIDS

"INPUT "Approx. normal flow : [ kg/s] .M

INPUT “Viscosity under operating conditions [m Pa-s]",N
INPUT "Operating temperature ' [ °oclT
INPUT "Density under cperating conditions [ kg/m3%"R
INPUT "Operating pressure [ barl.",P
INPUT "Nozzle pipe diameter at To [ mm]".DM
INPUT “Transmitter range [ bar]:",DP
INPUT "Indication of normal flow on scale (0-10) X
INPUT "Linear expansion coeff. of the pipe [ /°Cl"AP
INPUT "Linear expansion coeff. of the nozzle [ /°CI"AO
INPUT "Ambient ternperature [ .°Cl]".TO
IF FLUID$="L" THEN W=0 :GOTO 500
INPUT "Ratio of specific heats Cp/Cv i
IF FLUID$="G" GOTO 500 : .
INPUT "Water content in wet steam ' [ %77, W
REM STEP 1 {(calculate D under operating conditions}
D=DM=*(1+AP*{T —TO)
REM STEP 2 (calculate ReD)
RED = 1273200+« QM / (N=* D) ,
REM STEP 3 " {calculate steam correction factor Fs)
FS =1 + 0.0074 * W
REM STEP 4 {caiculate dp at normal flow indication)
DPN = DP * (X / 10 }A2 .
REM STEP b (calculate estimated f3)
B={(QMAZ / (4.6 » 10A—8 =* DA4 » DPN * R + QamMA2) A0.25
REM STEP 6 {calculate epsilon)
E=1 :
IF FLUID$="L" THEN GOTO 670
K = (P—DPN)/P
K1 = KA2/Y)
KAQY—1)/Y)
E={(Y*K1/(Y—1))+{{1—BA4)/ {1 —BA+KT)}*{1 —K2)/ {1 - KN 0.5
REM STEP 7 {calculate discharge coefficient)
C = (.99656 —0.00653 *BA0.6 (1000000 / RED}*1.15

= (2847.05 *QM / (DA2 *E *#FS *C #{1 —BAA—~0.5 *(DPN* R)ND, 5))"\0 5
REM check if calculated B agrees with previous 8 within 0.01%
IF ABS ((B —B1) /B1) = 0.0001 THEN B=B1 : GOTC 600
REM STEP 9 (calculate d nozzle at line temp)
DO = B1xD: _
REM STEP 10 (calculate d nozzle at ambient temp)
DOM = DO / (1 +AQ * (T —TO) ' '
REM the following lines will print the output and restart the program
PRINT “Orifice diameter nozzie at To . [ mm]";DOM
PRINT "Beta ratio TiB1
PRINT "Reynolds Number - RED
INPUT "A new calculation Y/N A
IF A$="Y" GOTO 10 '
END
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Appehdix B

Floﬁr factof' calcnlation

Flow factor caleulation form for square edge orifices with flange tappings.
Flow factor calculation form for square edge orifices with corner tappings
Flow factor calculation form for square edge orifices with radius tappings
Flow factor calculation form for quarter of circle orifices with flange tappings
Flow factor calculation form for conical entrance orifices with corner tappmgs
Flow factor calculation form for Ventuori tubes (A, B and C)

Flow factor calculation form for rectangular Venturi tubes

Flow factor calculation form for ISA 1932 nozzles

Flow factor calculation form for long radius nozzles

\D 00~ Oh LA B LI PO e

Note:

For the computer program in Basic as given in the following sheets, the accuracy of the calculation
depends on the type of computer used, and the type of variable. The listings are written with single-
position variables, double-position will increase the accuracy.
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APPENDIX B-1

FLOW FACTOR CALCULATION FORM FOR SQUARE EDGE ORIFICES WITH FLANGE TAPPINGS |

PLANT: . TAG No.:

SERVICE:

DATA TO BE SUPPLIED BY OPERATIONS

Approx. norm. quantity Q; e ka/s Density p under operating coned.
Viscosity  under operating cond. rresssrssrermmmsennissennnnss MPA+5  © Operating pressure p
Operating temp, T certberapans T — °C

‘Water content in wet steam

Orifice diameter d,, at Ty
Internal pipe dia. D, at Ty
Tiansmitter range DP

-Linear mcpnnsmn coeff, oy,

Linear expansion coeff, amm

‘Ambicnt temp. Ty

For gas and liquid F, = 1

5. €= 1—[0.41 + 035 B4-[(DP)/p]-[X/10P- &1 = ieeeeeeeeseerons
N.B.: If the fiuid is a liquid € = 1

Indication X of q, on scale (0—10) ! imeorrisrtrinimians |  Limitations: - = _— D.?. GE .é”“"f- 0.75
Bleed hole size y erasesasarmrsssierrasteneh mm . s ; . 1260 2D <t Rep < 10%. -~ .
Ratio of specific heats £ = C/C,  wrmsernserensins : : o

L d=dnll+055 (/A2 [l + G T=T] = 4= i @M.
2. D = Dyl + agipe (T — T)] D= e mm

3. B=da/D e

4 F=1+000W, R

: 1
6. Qm = 2.107 - 1073 BV ey h X @ +/DPp estimated Qg = .oocveeereceeeeenens kg/s
_1.2732 - 105 gy, : _
7. Rep = 7D ‘ Rep = vvcvceccricnne
106 1075
g. C = 0.5959 + 0.0312 82! — 0.184 B8 + 0.0029 825 [(’R
2.286 0.85598 | o
EEEE PP Y P
Note: If D<¢ 58.615 mm use 0.0390 as coefficient of
B (1 - By
9. Gu = 31407 104 C e X @ F, VDPp  caleulated g = oo ks
" .Repeat 7 through 9 until calculated e AgTEES w1th
previously calculated g, to within 0.01% :
X= i S
Flow factor g,/ X = .ieeercininnens kg/s
Calculated by.: Date: Sign.:
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10
20
30
40

50°

60
70
80
90
100
110
120
130
140
150
160
170
500
510
520
530
540
550
560
570
580
590
600
610
620
630
640
660
B60
670
- 680
690
700
710
720
730
740
750
760
770
780
790
800
810
820

COMPUTER PROGRAM IN BASIC FOR B-1

INPUT "Service Liquid (L), Gas {G) or Steam (S} : T FLUIDS

INPUT "Viscosity under operating conditions - [m Pa-s]"\N
INPUT "Operating temperature - . - C 5 L o4 i
INPUT "Density under operating condltlons " [ kg/m3]",R
INPUT "Operating pressure ' o[- bar]" P
INPUT "Internal pipe diameter at To [  mm]",DM
INPUT "Orifice diameter at To ' [ mm]",DOM
INPUT "Transmitter range [ bar]”,DP

INPUT “Indication of normal flow on scale (0 10) : E X

INPUT "Bleed hale size [ 'mm]",DH
INPUT "Linear expansion coeff. pipe [ /°C] AP
“INPUT "Linear expansion coeff. orifice [ /°C)"A0
INPUT "Ambient temperature L °C]".TO
IF FLUID§="L" THEN W=0 :GOTO 500 ]
INPUT "Ratio of specific heats Cp/Cv . oY

IF FLUID$="G" GOTO 500 ‘

INPUT "Water content in wet steam [ ITW
REM STEP 1 (calculate d orifice at line conditions) -
DO = DOM » (1 + 0. 55 * (OH / DOM}A2) *+ (1 + AD * (T — TO))

REM STEP 2 “{caleulate D under operating condltlcns)
D=DM=*{1 4+ AP*(T —-TO))

REM STEP 3 {calculate B ratio)

B=DO/D :

REM STEP 4 (calculate dp at normal flow indication)
DPN.= DP * (X / 10)A2 _ ' SR
REM STEP 5. (calculate steam correction factor Fs)
FS = 1 + 0.0074 + W

REM STEP 6 (calculate epsilon)

E e 1 . .

IF FLUID§="G" OR FLUID$ "S"THEN E =.1 — (0.41 + 0.35 = BA4) = (DPN/P)/Y
REM STEP 7
QM = 2.107 *» 10~A—4 * (1~ BA4)A—0.5 » E « DOA2 = (DPN * R)AO. 5

REM STEP 8 {calculate ReD)
RED = 1273200«QM / (N> D)
REM STEP 9 {calculate discharge coefficient)

C = 0.5959 + 0.0312 * BA2.1 — 0.184 * BA8 + 0.0029 * BA2.5 +
* (1000000 / RED)}"0.756 — 0.85598 * BA3 / D
IFD< B8.B15 THENC=C+ 0.039*BA / {1 — BN} :GOTO 710
C=C+ 2.286 * BA4 / (D * (1 — BA4))
REM STEP 10 {calculate new.QM)

QM1 = 3.512407 * 10A—4 *C *FS #(1 —BANYA—0.5 *E * DOA2+(DPN+* R)AD.E

REM check if calculatad QM agrees with previous QM within 0.01%
IF ABS ((GM —QM1) /QM1) > 0.0001 THEN aM=0QM1 : GOTO 650
REM the following lines will_ print the output and restart the program

PRINT "Nermal flow at scale [ kg/s} QM1
PRINT “Flow factor [ kg/s}":aM1/X
PRINT "Beta ratio ™8
PRINT "Reynolds Number RED
INPUT "A new calculation Y/N A%

IF A§="Y" GOTO 10 ;

END
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APPENDIX B-2

FLOW FACTOR CALCULATION FORM FOR SQUARE FDGE ORIFICES WITH CORNER TAPPINGS

PLANT: . TAG No.:
SERVICE:

DATA TO BE SUFPLIED BY OPERATIONS ~ -

Approx. norm. cjuantity Am  eereeerereee S kg/s Density p under operating cond. . . ceiecscseniccmsmacsenr. kgm0

Viscosity 1 under operating eond.  ienmrenssnsete mPa-s Opemting pressurep )
Operating temp. T - PR &1 Water content in wet steam vesemtmesssmsassansassenmesers B Wi
Orifice diameter d, at Ty Linear expansion coeff. oy, - sermnisnsssserminssorarmesos # °C
Internal pipe dia. D, at Ty Linear expansion caeff, ay,, - smsrermesrmsrrsseressisss £ 0 C
Transmitter range DP Ambient temp, T, SRS | o/

Indication X of q,, on scale {0-10)
Bleed hole size y
Ratio of specific heats k = C/C,

Limitations: 023 =<f <080

10000 = Rep = ‘10? for 045 < f =< 0.77
20000 =< Rep < 10 for 0.77'< § = 0.80

1. d=dy[l+0.55 (/dw? [1 + apiae (T — Tp)] S d = e, T
2. D =Dyl + appe (T -Tl S » mm
3. B=4/D o T B =
4. F, =1+ 00074 W, R | B e

For gas and liquid F; = 1
5. ¢ =1—[0.41 + 0.35 84-[(DP)/pl-[X/ 102k €= s

N.B.: If the fluid is a liquid € = 1 o -
6. Qm = 2.107 X 1073 ey h X @ +/DP p estimated g = .oooovreeceeenees . kg/s

12732 - 106 | I .
7. RED = - D Gm B . S L - ReD = oeevenanr _.........7...
106 0.75 o
g8 C = 0.5959 + 0.0312 B21 — 0.184 85 + 0.0029 B25 [— C= o
N S | (Rep) :

9. Qn = 3512407 - 105 C fl_-—g X & F, VDPp calculated Qo = ..ooooose kg/s

Repeat 7 through 9 until calculated gy, agrees with
previously calculated qg, to mthm 0. 01%

5000 <Rep=<<10°for023 < B <045

10. If Rep = 106 then Zre, = Zo, | T ZRey = it o
otherwise Zpe, = (Zp — 1) [log (Rep)/ 6]2 + 1 ‘ '
1L gn = Qm Zrey ' - corrected Qo = weenerserssininnes KE/S
Flow factor g/X = ceecevrmenvcae kg/s
Calculated by: i Date; Sign.:
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10
20
30
40
50
60
70
80
90
100
110
120
130
140
150
160
170
500
510
520
530
540
550
560
570
580
590
600
610
620
630
640
650
660
670
680
690
700
710
720
730
740
750
760
770
780
790
800
810
820
830
‘840
850

‘COMPUTER PROGRAM IN BASIC FOR B-2

INPUT "Service Liquid (L), Gas (G} or Steam (S) FLUIDS

INPUT "Viscosity under operating conditions . [mPa-s]"N.
INPUT "Operating temperature 7 I L o i o
INPUT “Density under operating conditions . [kg/m31".R
INPUT "Operating pressure | o R [ - bar]".P
INPUT "Internat pipe diameter at To R - [ mm]",DM
INPUT "Orifice diameterat To = L _ [ mm]",DOM
INPUT “Transmitter range _ ' L [ bar]”DP
INPUT “Indication of normal flow on scale (0-10y - - _ N ¢
INPUT "Bleed hale size : [ mmi"DH
INPUT "Linear expansion coeff. pipe [ /°CI AP
iNPUT “Linear expansion coeff. orifice [ /°CiI"AD
INPUT "Ambient temperature [ °cl}TO
IF FLUID§="L" THEN W=0 :GOTO 500 ' _ '
INPUT “Ratio of specific heats Cp/Cv Y
IF FLUID$="G" GOTO 500 '
INPUT "Water content in wet steam [ %], W
REM STEP 1 : {calculate d orifice at line conditions)
DO = DOM * {1 + 0.55 > (DH / DOM)A2) * {1 + AQ = (T — TO))
REM STEP 2 {calculate D under operating conditions}
D—DM*(1+AP*(T TO)Y)
REM STEP 3 {calculate 8 ratio)

=DO/D ) 4
REM STEP 4 : (calculate dp at normal flow indication}
DPN = DP * { X'/ 10)72 .
REM STEP 5 {calculate steam correction factor Fs)
FS = 1 4 0.0074 » W :
REM STEP 6 {calculate epsilon)
E=1
IF FLUID§="G" OR FLUID$="S" THEN E = 1 — {0.41 4 0.35 * B'\4) * (DPN/P}/Y
REM STEP 7

QM = 2.107 » 10~A—4 + (1— BAA—0.5 = E * DOA2 = (DPN * R)*0.5

REM STEF 8 {calculate ReD)

RED = 1273200+ QM / (N=*D) oo

REM STEP 9 {calculate discharge coefficient)

C = 0.5959 + 0.0312 * BA2.1 — 0.184 =+ BA8 + 0.0029 + BA2.5 *+ (1000000 / RED)"Q.75
REM STEP 10 (calculate new QM)

QM1 = 3.512407 * 10A—4 *C *FS *(1 —BA4A—0.5 *E » DOA2#(DPN* R)A0.B

REM check if calculated QM agrees with previous QM within 0.01%

IF ABS {(QM —QM1) /QM1) > 0.0001 THEN GM=QM1 : GOTO 650

REM STEP 11 ' E '

PRINT "Beta ratio "B

INPUT "Roughness correction factor Zo ", Z0

IF RED>>= 1000000 THEN ZRED=2Z0 ELSE ZRED (ZO-1)*(LDG(RED/1000000))“2 +1
QM1 = QM1 * ZRED

REM the following lines will print the output and restart the program

PRINT "Normal flow at scale [ kg/s]";OM1
PRINT “Flow factor [ kg/s]";QM1/X
PRINT "Beta ratio - B
PRINT "Reynolds Number "RED
INPUT "A new calculation Y/N M AY

IF A$="Y" GOTO 10

END
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APPENDIX B-3

FLOW FACTOR CALCULATION FORM FOR SQUARE EDGE ORIFICES WITH RADIUS TAPPINGS

PLANT: TAG No.:

SERVICE:

DATA TO BE SUPPLIED BY OFERATIONS

Approx. norm, quantity q,,
Viscosity 7 under operating cond.
Operating temp, T

———-T 4
rieree MPA*S Operating pressure p
o ‘Water content in wet steam

Density p under operating, cond.

Orifice diameter d; at Ty
Internal pipe dia. D, at T,
Transmitter ronge DP

Linear expansion coeff. e,
Linear expansion coeff L3
Ambient temp. T,

Indication X of q,, on scale (D—lﬂ) ......................... : Limitations: 0.2 = ,8 . s 075
Bleed hole size y =0 cereerereteteees mm 1260 8D =< Rep < 10° .
Ratio of specific heats x = C,/ C, T — . ' ' .
1. d=dg[l+055/dn? [l + pee (T — To)l K mm
2. D=D,[1+ Opipe (T — Ty)] D= ioiieenees mm
3 8=d/D B
4, Fy, =1+ 00074 W, Fi= enerrenrenns
For gas and liquid F; = 1 R
5. €=1—[041+ 0.35 B4]-[(DP)/p]- [X/10P k1 €= ecrssossreeen
. N.B.: Iftheﬂmdlsahqmdc—l
6. Qm = 2.107 - 1073 ﬁe X d2 VDP p estimated g = .weereecreoneeenn kg/s
_12732-105q, . . | . L -
7. RED = 1 D Re]) B et ..... ?
106 .75
8. C = 05959 + 0.0312 g21 — 0.184 #8 + 0.0029 ﬂz-" ('R )] +
+0.039 B4 (1 — B4 — 0.015839 B3 C = eoirerermesnens
9. gy = 3.512407 - 105 C —u\/-l——ﬁex 4 F,/DPp calculated g, = ______ ke/s
Repeat 7 through 9 until calculated q,, agrees with | '
previously calculated qg, to within 0.01% : _
: . X = e
Flow factor g /X = .coivvinens e KE/S
Calculated by: Date: Sign.:
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10
20
30
40
50
60
70
80
90
100
110
120
130
140
150
160
170
500
510
520

-

530

540
550
560
570
580
590
600
810.
620
630
640
650
660
6870

- 680

690
700
710
720
730
740
750
760
770
780
790
800

' COMPUTER PROGRAM IN BASIC FOR B-3

INPUT "Service Liquid {L), Gas (G) or Steam (S} ’ S FLUIDS

INPUT "Viscosity under operating conditions S . [m Pa- s] N
INPUT "Operating temperature [ -°CI"7T
INPUT "Density under operating condltlons - [kg/m31"R
INPUT "Opeérating pressure o I bar].",P
INPUT "Internal pipe diameter at To ' . I mm]”.DM
INPUT "Orifice diameter at To - mml".DOM-
INPUT “Transmitter range I bar]:",DP
INPUT "Indication of normal flow on scale (0-10) = - "X

INFUT "Bleed hole size [ mm]".DH
INPUT "Linear expansion coef‘f pipe [ . /°CI"AP
INPUT "Linear expansion coeff. orifice [ /°C]"AO
INPUT "Ambient temperature 3 °C}"TO .

IF FLUID$="L" THEN W=0 :GOTO 500

INPUT "Ratio of specific heats Cp/Cv Y

IF FLUID$="G" GOTO 500 o
INPUT "Water content in wet steam ' [ Sh]" W .
REM STEP 1 ' ' {calculate d orifice at line conditions)
DO = DOM * (1 + 0.55 * (DH / DOM}A2) * (1 + AD * (T — TO))

REM STEP 2 (calculate D under operating conditions)
B=DM=* {14+ AP*({T—TO))

REM STEP 3 _ (calculate 8 ratio)

B=DO/D S
REM STEFP 4 {calculate dp at normal flow indication)
DPN = DP * (X / 10 }/2 '

REM STEP 5 ‘ (calculate steam correction factor Fs).
FS = 1 + 0.0074 * W o
REM STEP 6 (calcuiate epsilon)

E— 1 .

iF FLUIDS'—"G" OR FLUID$ ="g" THEN E = 1 - (O 41 + 0.35 * BA4) % (DPN/P)/Y
REM STEP 7 .
aM = 2.107 » 10" —4 * (1— BA4)A—0.5 = E =» DOA2 = (DPN * R)AD.5

REM STEP 8 (caiculate ReD)
RED = 1273200+«QM / (N*D}
REM STEP 9 (calculate discharge coefficient)

C = 0.5959 4 0.0312 » BA2.1 — 0.184 * BAB + 0.0029 * BA2.5 »
(1000000 / RED)*0.75 +0.039 * BA4 /{1 — BA4) —0.015839 * BA3

REM STEP 10 {calculate new QM)

CM1 = 3.512407 * 10A—4 *C +FS *{1 —BA)A—0.5 *E » DOA2+(DPN=* R}*0.5

REM check if calculated QM agrees with previous QM within 0.01%

IF ABS {{OM —QM1) /QM1) > 0.0001 THEN QM=0M1 : GOTO 650

REM the following lines will print the output and restart the program

PRINT "Normal flow at scale [ kg/s]m:QM1
PRINT "Flow factor [ kg/s}":QM1/X
PRINT "Beta ratio B
PRINT "Reynolds Number "RED
INPUT "A new calculation Y/N A%

IF A$="Y" GOTO 10

END
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APPENDIX B-4

FLOW FACTOR CALCULATION FORM FOR QUARTER OF CIRCLE ORIFICES WITH FLANGE TAPPINGS

PLANT: TAG No.:
SERVICE:

DATA TO BE SUPPLIED BY OPERATIONS

Approx. norm. quantity g, Density p under operating cond.
Viscosity # under operating cond. Operating pressure p
Operating temp, T R &) Water content in wet steam

Orifice dinmeter d,; at Ty

Internat pipe dia. By, at Ty
Transmitter range DP

Indication X of g, on scale (0-10)
Bleed hole size y

Ratio of specific heats k = C/C,

Linear expansion coeff. ey, -
Linear expansion coeff. ap,,
Ambient temp. Ty, . . " S~
Limitations: o 0245 =f =06

1000 #4 9.4 - 105 (B — D24)° < Rep << 10° 8

L d=dg[l+055 @/d)[l + tpe T— Tl B TR -
2. D = Dy [l + appe (T — To)] | © D= i T
3. B=d/D o o | B = osieeressrerrrs
4. F,=1+00074W, - . ’ P
. For gas and liquid F; = 1 o ce
5. ¢=1-[041 + 035 B4 [(DP)/p] [X/10]2 -1 €= R
N.B.: If the fluid is a liquid e = 1~ ‘
6. C = 0.73823 + 03309 B — 1.1615 B2 + 1.5084 B3 C = irrisnenine a
7. Qm = 3.512407 - 10-5C WeXd F, \/DP caloulated Qg = ....ooormrrr kg/s
12732 - 106 g | |
8. Rep =" 4 PO
X = eeerereresnenees
Flow factor /X = .vriciierncicie kg/s
Calculated by: Date: ... Sign.:
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10
20
30
40
50
60
70
80
90
100
110
120
130
140
150
160
170
500
510
520
530
540
550
560
570
580
590
600
610
620
630
640
650
660
670
680
690
"700
710
720
730
740
750
760

COMPUTER PROGRAM IN BASIC FOR B-4

INPUT "Service Liquid (1), Gas {G) or Steam (S} - " FLUID§

INPUT "Viscosity under operating conditions . [m Pa-s]".N
INPUT "Operating temperature [. -°C}" T
INPUT "Density under operating conditions [ kg/m3]"R
INPUT "Operating pressure [ barl"P
INPUT "Internal pipe diameter at To - [ mm]°.DM
INPUT "Orifice diameter at To [ mm]",DOM .
INPUT "Transmitter range [ bar]:",DP

INPUT “Indication of normal flow on scale (0- 'IO) : : X
INPUT "Bleed hole size [ mml".DH -
iNPUT "Linear expansion coeff. pipe T /°C}".AP -
INPUT "Linear expansion coeff. orifice ~ - [ /°C}"AD
INPUT "Ambient temperature [ °C]".TO
IF FLUID$="L" THEN W=0 :GOTO 500 '

INPUT "Ratio of specific heats Cp/Cv oY

iF FLUID$="G" GOTO 500 '

INPUT "Water content in wet steam [ %17, W
REM STEP 1 {calculate d orifice at line conditions)
DO = DOM #* (1 + 0.55 * (DH / DOM)}A2) * (1 + AO * (T — TO))

REM STEP 2 {calculate D under operating conditions)
D=DM=*(1+AP*(T—-TO}) - :
REM STEP 3 {calculate 8 ratio)

B=DO/D ' _ . :

REM STEP 4 : (calculate dp at normal flow indication}
DPN = DP * (X / 10 )12

REM STEP 5 (calculate steam correction factor Fs)
FS = 1 + 0.0074 + W '

REM STEP 6 ' (calculate epsilon)

E=1

IF FLUID$="G™ OR FLUID§="%" THEN E=1— (0:47 4+ 0.35 » BA) * (DPN/P)/Y
REM STEP 7 {calculate discharge coefficient) -

‘C = 0,73823 + 0.3309*B —1.1615 * B + 1.5084 * BA3

REM STEP 8 {calculate QM)

QM1 = 3.512407 * 10/ —4 *C »FS *#{1 —BAYA—(0.5 *E * DOA2*(DPN* RA0.5
REM STEP 8 {calculate ReD)

RED = 1273200* QM1 / {N=*D)
REM the following lines will print the output and restart the program

PRINT "Normal flow at scale [ kg/s}":0M1
PRINT "Flow factor [ kg/s3"GM1/X
PRINT "Beta ratio B
PRINT "Reéynolds Number RED -
INPUT “A new calculation Y/N : A8

IF A$="Y" GOTO 10

END
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APPENDIX B-5

FLOW FACTOR CALCULATION FORM FOR CONICAL ENTRANCE ORIFICES WITH CORNER TAPPINGS

PLANT: TAG No.:
SERVICE: :

DATA TO BE SUPPLIED BY OPERATIONS

Approx, norm, quantity q,
Viscosity 1 under operating cond.
Operating temp. T

Density p under operating cond.
Operating pressure p
‘Water content in wet steam

Orifice diameter d,, at Ty

Internal pipe dia. D at T,
Transmitter range DP

Indication X of q, on scale (0~10)
Bleed hole size y

Ratio of specific heats x = C,/C,

Linear expansion coeff. ay,,

Linear expansion coeff. ay,,,

Ambient temp. T, ’

Limitations: 018 =036
2508 <Rep=2-10°8

1. d=dy[l+0.55 (y/d)? .[1 + e (T — Ty)] Cd= e
2. D =Dyl + e (T~ Tg)] - . D= ieiemm
3. B=d/D - '- T B o
4 F,=1+00004W, ~ ¥ | Fo = oo

For gas and liquid F, = 1

5. e=1-—[041+ 0.35 54-[(DP)/p]-[X/10]2- k! _ E= orrernrerrrasaion
N.B.: If the fluid is a liquid € =1 ~

6. C = 0.734 for 250 B < Rep =< 5000 8. C= rverereen
C=0730for5000 B<Rep <2-1058 -

Note: assume Rep << 5000 B :

7. am = 3512407 - 105 C v-l—lfﬁac X &®F, VDPp calculated qu'= ... kg/s

12732 - 106 g . : T -
= T,'D . . - . .R.ED—. ........ . ......... o

8. Rep

9. Has the correct C factor been used,
if not, recalculate q,, with the correct factor

10. If Rep = 106 then Zg, = Zy, Zpep = weevvnntienese
otherwise ZReD = (Zy — 1) [log (Rep)/6]2 + 1
11. g = Qnm ZRED : corrected G = cveeeveeceeceeane, kg/s
X = vrrrreneneen
Flow factor /X = .oeevevevenriene kg/s
Calculated by: Date: Sign.:
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10.

20
30
40
50
80
70
80
90
100
110
120
130
140
1560
160
170
500
510

520

530
540
550
560
570
580
590
600
610
620
630
640
650
660
670
680
690
700
710
720
730
740
750
760
770
780
780
800
810
820
830
840

' COMPUTER PROGRAM IN BASIC FOR B-5

INPUT "Service Liquid (L), Gas (G} or Steam (8} .~ . .. ... FLUID§

INPUT *Viscosity under operating conditions ' [m Pa- s] N
INPUT "Operating temperature [ "°C1 T
INPUT “Density under operating condltlons _ . [kg/m3]".R
INPUT "Operating pressure . ' [ bar]"P
INPUT “Internal pipe diameter at To L mml]" DM
INPUT "QOrifice diameter at To [ -mm]",DOM
INPUT "Transmitter range [ bar]:",DP

INPUT "Indication of normal flow an scale (0—1 0) X
INPUT "Bleed hole size | [ mm]",DH
INPUT "Linear expansion coeff. pipe [ /7°CI AP
INPUT "Linear expansion caeff. orifice [ /°Cl"AOQ
INPUT "Ambient temperature [ ecnTo
iF FLUID$="L" THEN W=0 :GOTO 500 '

INPUT "Ratio of specific heats Cp/Cv Y

IF FLUID$="G" GOTO 500

INPUT "Water content in wet steam [ %1 W

REM STEP 1 {calculate d orifice at line conditions)

DO = DOM #* (1 + Q.55 * (DH / DOM}*2) * (1 + AQ = (T — TO))

REM STEP 2 {calculate D under operating conditions) ‘
D=DM=*(1+AP*{(T—TO) ' :
REM STEP 3 {calculate 8 ratio)

B=DO/D :

REM STEP 4 {calculate dp at normal flow indication)
DPN = DP + (X / 10)A2 :

REM STEFP 5 {calculate steam correction factor Fs)
FS—1+00074*W o

REM STEF 6 {calculate epsilon)

E=1

IF FLUIDS="G" OR FLUID$="S"THEN E = 1 — {0.41 + 0.35 * BA4) * (DPN/F)/Y
REM STEP 7 ‘ _ {select discharge coefficient)

C=0.730 .

REM STEP 8 ‘ (calculate M)

QM1 = 3.512407 = 10A—4 »C »FS *{1 —BA4)A—0.5 +E + DO"\Z*(DPN* H)"\O 5
REM STEP 9 : {calculate FleD)

RED = 1273200 * QM1 / (N * D)
IF RED * B > 5000 THEN GOTO 720

C=0.734

GOTO 660

REM STEP 10 - {enter roughness correction factor)
PRINT "Beta ratio ‘ B

INPUT "Roughness correction factor Zo :",Z0

IF RED>= 1000000 THEN ZRED=2Z0 ELSE ZRED (ZO 1)*(LOG(RED/1000OOO))"\2 +1
QM1 = QM1 * ZRED

REM the following lines will print the output and restart the program

PRINT "Normal flow at scale [ kg/sE;QM1
PRINT "Flow factor [ kg/s]"QM1/X
PRINT "Beta ratio B
PRINT "Reynolds Number ":RED
INPUT "A new calculation Y/N . AR

IF A3="Y" GOTO 10 '

END
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- APPENDIX B-6

FLOW FACTOR CALCULATION FORM FOR YENTURI TUBES (A, B AND )

PLANT: TAG No.:

SERVICE:

DATA TO BE SUPPLIED BY OPERATIONS |

Approx. norm. quantity qg,
Viscosity 0 under operating cond.
Operating temp. T

Density p under operating cond.,
Operating pressute p
‘Water content in wet steam

passsssrserasirernee KB/S.
eees TIPA+S

Venturi throat diameter d,, at T,
Venturi inlet dia. D, at Ty
Transmitter range DP

Indieation X of q; on scale (0-10)
Ratio of specific heats x = C,/C,

Linear expansion coeff. ey
Ambient temp. Ty
Limitations:

T TR R

Type A:03 < =< 075and2 -
Type B: 04 < f<075and 2 -

10* < Rep =< 2 - 106
10° < Rep < 10°

Type C: 04 = B < 0.70and2 - 1(® < Rep < 2 - 10¢
1. d=dg[l + ayeus (T — To)l o P mm-
2. D =Dy [1 + ayepuug (T — To)l O — mm
3. B = d/D . B f SN I
4. F,=1+0.0074W, F, = rooeecrenererens
For gas and liquid F; = 1 :
2 k=1
s o= [8) () ()
. - — ] 2 — E == srveemisismnnsnscanns
k— 1 I — B4 (K)y* 1-K
Where: K = [p — (DP) (X/10)2)/p
N.B.: If the fluid is a liquid € =
6. Type A: In case of rough cast convergent C = it
C = 0984 '
Type B: In case of machined convergent
C = 0.995 :
Type C: In case of rough cast, welded sheet iron convergent o
C = 0985 L
7. = 3.512407' 10-5C \/-—I—Be X @ F,VDPp calculated gy = ....cooercuvmree. ke/s
' 1.2732 - 106 '
8. Rep = -5 G RED = voovriosrsreereasin
Flow factor qm/X = e kg/s
Calculated by: Date: Sign.:
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10
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40
50
60
70
80
90

100

110

120

130

140

150

160

170

500

510 B =

520
530
540
550
560
870
580
590
600
610
620
630
640
6850
660
670
680
680
700
710
720
730
740
7560
760
770

COMPUTER PROGRAM IN BASIC FOR B-6

INPUT "Service Liquid (L), Gas {G) or Steam (S) ' - FLUIDS
INPUT "Type of Venturi A, Bor C TS

iF T§<<>"A" OR T§<>"B" OR T§<>"C" THEN GOTO 20 '

INPUT "Viscosity under operating conditions - ‘ Tm Pa-s]".N
INPUT "Operating temperature . [ °Cl"T
INPUT "Density under operating condltlons o [ kg/m3]"R
INPUT "Operating pressure [ bar]:",P
INPUT “Internal pipe diameter at To - [ mm}",DM
INPUT “Internal throat diameter at To  ~ - [ mm]",DOM
INPUT "Transmitter range ' [ barl”,DP
INPUT "Indication of normal flow on scale (0-1 0) R 4
INPUT “Linear expansion coeff. Venturi - /°CY" AP
INPUT "Ambient temperature °C}"TO -
IF FLUID§="L" THEN W=0 :GOTO 500 _

INPUT "Ratio of specific heats Cp/Cv oY

IF FLUID$="G" GOTO 500

INPUT "Water content in wet steam [ %1 W
REM STEP 1 {calculate 8 ratio)

DOM / DM :

REM STEP 2 (calculate steam correction factor Fs)
FS =1+ 0.0074 W : o
REM STEP 3 . (calculate dp at normal flow indication)
DPN = DP * { X / 10)A2 S

REM STEP 4 {calculate epsilon)

E=1 .

IF FLUID§="L" THEN GOTO 650

K= (P —DPN}/P

K1 = KA(2/Y)

K2 = KA([Y —1)/Y)

E=((Y =K1 /{Y —1))*((1 —BA)/(1— BAA +KT)+({(1 —K2)/{1 —K})"0.5
REM STEP 5 {calculate QM)

IF T§="A" THEN C=0.984

IF T$="B" THEN C=0.995

IF T$="C" THEN C=0.985

OM1 = 3.512407 * 10A—4 *C *FS (1 —BAAN—0.5 *E * DOA2+(DPN* R}M0.5

Ll K

'REM STEP 6 * ({caleulate ReD)

RED = 1273200 = QM1 / (N* D}

-REM the following lines will print the output and restart the program

PRINT "Normal flow at scale [ kg/s]";QM1
PRINT "Flow factor [ kg/s]";QM1/X
PRINT "Beta ratio . B
PRINT "Reynoids Number . RED
INPUT "A new calculation Y/N AS

IF A%="Y" GOTO 10 : '

END
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APPENDIX B-7

FLOW FACTOR CALCULATION FORM FOR RECTANGULAR VENTURI TUBLES

PLANT: TAG No.:
SERVICE:
DATA TO BE SUPPLIED BY OPERATIONS
Approx. norm. quantity q,, aerssrssssimsssessronesisoss KBS Density p under opr:ruﬁ.t_ig cond.
Viscosity 17 under operating cond. tetmtprtimspiesssmisnmetnee SIPA S Operating pressure p.
Operating temp. T rirras b, S Walter comtent in wet steam

Throat width w at T, Linenr expansion coefl. ay .y W £°C
Throat height h at T, Ambient temp. T, o [T S
Duct width W at T, ]
Duct height W at T, foh
Transmitier range DP Limitations: 044 = WH = 0.74
Indication X of q,, on scale (0-10) L 2. 10* =< Rep =200
Ratio of specifie hents ¥ = C/C, areertarsrrsrssrssssrrsseane e
1. B = (wh/WH)S B= e
2. F;=1+0.0074 W, By = s
For gas and liquid F, = 1 o ,
2 k—1 o '
CekEeeer
. - — | 2 . ) € = it
TN e K .
Where: K = [p — (DP) (X/10)3/p
N.B.: If the fluid is a liquid € = 1
4. C=0975 C=0975
5. Qm = 3.512407 - 105 C ﬁe X d*F, vDPp calculated gg = .............. o kg/s
12732 - 10 gy | Sy
6. Rep = 7D Rep = e
. X = e
Flow factor q/X = o kg/s
Calculated by: Date: Sign.:
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80
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150

160

170

500

510

520
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540

550

560

570

580

590

600

610

620

630

640
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660

- 670
© 880

690

700

710

720

730

740

750

COMPUTER PROGRAM IN BASIC FOR B-7 .

INPUT "Service Liguid {L), Gas (G) or Steam (S) . _ 2 FLUID§

INPUT "Viscosity under operating conditions [m Pa-s]",N
INPUT "Operating temperature o o : R R o S
INPUT "Density under operating cundltlons o " [kg/m3]".R
INPUT "Operating pressure . [ barl"P
INPUT "Throat width at To [ mm]"TW
INPUT "Throat height at To [ mm]"TH
INPUT "Internal pipe width at To [ mm]"PW
INPUT "Internal pipe height at To - [ 7 mm]"PH
INPUT "Transmitter range [ bar]:",DP

INPUT “Indication of normal flow on scale (0-1 0) ' X
INPUT "Linear expansion coeff. Venturi /°C]" AP
INPUT "Ambient témperature °Cl",TO
IF FLUID$="L" THEN W=0 :GOTO 500 :

INPUT "Ratio of specific heats Cp/Cv A
IF FLUID$="G" GOTO 500 :

INPUT "Water content in wet steam ' [ %] W
REM STEP 1 {calcuiate 8 ratio)

B = (TH *» TW /(PH * PW)}*0.5 '

[ B §

_REM STEP 2 {calculate steam correction factor Fs)

FS =14+ 0.0074 = W .
REM STEP 3 , _ {calculate dp at normal flow indication)
PPN = DP # (X / 10)72

REM STEP 4 o (calculate epsilon)

E=1 '

IF FLUID$="L" THEN GOTO 650

K = (P —DPN)/P

Ki = KA2/Y)

K2 = KA(Y —1)/Y)

E={{Y* K1/(Y —1})*({{(1 —BA}/(1 —BA *»K1)*{{1 —K2}/{1 -K)))"O 5
REM STEP b {calculate QN)

C = 0.984 ' '

QM1 = 3.512407 * 10A—4 +C *FS %(1 —BA4)A—0.5 =E * DOA2+{DPN* RYA0.5

REM STEP 6 - {calculate ReD)
RED = 1273200« QM1 /. (N=*D)
REM the following lines will print the output and restart the program

PRINT "Normal flow at scale [ kg/s]"QM1
PRINT "Flow factor ' [ kg/s]™QM1/X
PRINT "Beta ratio ' _ . B
PRINT "Reynalds Number ' RED
INPUT "A new calculation Y/N S Al

IF A$="Y" GOTO 10

END
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APPENDIX B-8

FLOW FACTOR CALCULATION FORM FOR ISA 1932 NOZZLES

PLANT: ‘ TAG No.:
SERVICE: .

DATA TO BE SUPPLIED BY OPERATIONS

Approx. norm. quantity q., ’ wsesssssssrssssssssaseansares KB/ B Density p nnder operating cond. RO, < -7 ..

Viscosity n under operating cond. cssssssgsissessesssssansonse PR § Operating pressure p SOOI . | §
Operating temp. T evineerestmremtoprinsontnsses T ‘Water content in wet stenm R, B w-
Throat diameter d_, at Ty Linear expansion coeff. oy p, “ "‘"""'r;"'.— /8 I'ed
Internal pipe dia. D, at Ty Linear expansion coeff. a; ., vissiarsormasemmriresssesmons £ ©C
Transmitter range DP Ambient temp. T, JRRTR ] 4

Indication X of g, on scale ((-10}
Ratio of specific heats x = C,/C,

Limitations: - 03 <A .<038
70000 < Rep < 107 for 030 < B = 044 -
20000 < Rep < 107 for 0.44 < A < 0,80,

L d = dy 1+ tggge (T = To)] | 0 d= eemm
2. D =Dyl + aype (T — Ty)] - D= mm
3. B=d/D o o - B=
4. F,=1+00074W, o |  Fum

For gas and liquid F; = 1

k—1
K

5, €= [(KK(_K%K) (1 _1.;412“14()?;) (1 _1(£()K )] 0.5 €= :

Where: K = [p — (DP) (X/10)2)/p
NB.: If the fluid is a liquid € = 1

6. Gm = 2107 - 103 C Viope Xd? DPp ~ estimated g, = s k_g/?
_ 12732 - 106 gy | o
7. Rep = — 7D | Rep = e
8. C = 0.99 — 0.2262 B41 + R C= i
. 1086 1.15 -
+ [0.000215 — 0.001125 B + 0.00249 847] -
-7 IRep)
. 1fe 1 _
9. Qm = 3.512407 < 103 C Yi-pit X dF; VDPp Calculatéd Om = eereeemrenenne kg/s
Repeat 7 through 9 until calculated g, agrees with
previously calculated gy, to within 0.01%
' : X= s
Flow factor g,/X = .ovoervvereeenens kg/s

Calcnlated by: . Date: Sign.:
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10
20
.30
40
50
60
70
80
920
100
110
120
130
140
150
160
500
510
520

530

540
550
560
570
580
590
600

610

620
630
640
650
660
670

. 680
- 690

700
710
720

730
740
750
.760
770
780
790
800
810
820
830
840

COMPUTER PROGRAM IN BASIC FOR B8 -

INPUT "Service Liquid (L) Gas (G} or Stearn {s) : " Fi_UIDS

INPUT "Viscosity under operating conditions . . .[m Pa-s]",N
INPUT "Operating temperature : [ "eCcynT
INPUT "Density under operating cundltlons S [ kg/m31".R
INPUT "Operating pressure . [ bar]"P
INPUT "Pipe diameteratTo - =~~~ I mm]t, DM
INPUT "Nozzle throat diameter at To .. . I mml.DOM
INPUT "Transmitter range e . [ . bar]",DP
INPUT "Indication of normal flow on scale (0-10) S ' X
INPUT "Linear expansion coeff. of the pipe [ /°CI"AP
INPUT “Linear expansion coeff. of nozzle ' [ /7°CI".AD
INPUT "Ambient temperature L °CJ",TO
|IF FLUID$="L" THEN W=0 :GOT0O 500 . '
INPUT "Ratio of specific heats Cp/Cv :",Y
IF FLUID$="G" GOTO 500 o
INPUT "Water content in wet steam L %] W
REM STEP 1 S (calculate d orifice at line conditions)
DO = DOM * (1 + AQ (T — TQ))
REM STEP 2 (calculate D at line conditions)
D=DM=* {1+ AP (T — TO)) ‘ ‘
REM STEP 3 {calculate B ratio)

=DO/D , _ :
REM STEP 4 _ {calculate steam correction factor Fs)
FS =1+ 0.0074 +W - _ _
REM STEP 5 : (calculate dp at normal flow indication)
DPN = DP + { X / 10)A2 -
-REM STEP 6 {calculate epsilon)
E=.1 :

IF FLUID$="1" THEN GOTO 650

K = (P —DPN}/P '

K1 = KA2/Y)

K2 = KA(Y —1)/Y)

E=((Y *K1 /(Y ~1)((1 —BAD)/ (1~ BA4 xK1)*(1 —K2)/(1 ~K})A0.5
REM STEP 7

QM = 2.107 * 107 —4 * (1— Bf\4)/\ —0.5 * E » DOAZ * (DPN * R}A0.5

REM STEFP B8 - {calculate ReD)

'RED = 1273200+QM / (N=*D) - .

REM STEF 9 ‘ {calculate discharge coefficient) :
C=0.99 + 0.2262 * BA4.1 (O. 000215 —0.001125 *B +0.002489 *BA4, 7) (1000000 /
RED}*1.15

REM STEP 10 : I (calcuiate new QM)

QM1 = 3.512407 » 10A—4 +C *FS (1 —BAJA—0.5 *E * DO’\Z*(DPN* R)"\O 5

REM check if calculated QM agrees with previous OM within 0.01%
IF ABS {((QM —QM1) /QM1) > 0.0001 THEN QM=QaM1 : GOTO 690
REM the following lines will print the output and restart the program

PRINT "Normal flow at scale [ kg/s]";am1
PRINT "Flow factor [ kg/s]"QM1/X
PRINT "Beta ratio B
PRINT "Reynolds Number : ";RED
INPUT "A new calculation Y/N - A%

IF AS="Y"GOTO 10 ’

END
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APPENDIX B-9
FLOW FACTOR CALCULATION FORM FOR LONG RADIUS NOZZLES
PLANT: TAG No.:
SERVICE:
DATA TO BE SUPPLIED BY OPERATIONS
Approx. norm. quantity q_, 7 Density p under operating cond, - : - Ll sessesrens KE/TE
Viscosity n under operating cond, Operating pressure p
Opernting temp, T ‘Water content in wet steam
Throat diameter d ., at T, Linear expansion coeff. ag,,,
Internal pipe dia. Dy, at T, Linear expansion coeff. e . L -
Transmitter range DP Ambient temp, Ty - : T arsssersressrsssesisnsrosens Vo
Indication X of q,, on scale (0-10) ceecensemsensssssesns Limitations: .. .. - 02 <B <0480
Ratio of specific heats & = C/Cy oo . . 10* < Rep <107 )
L. d=dg[l + ey (T — T s R mm
2. D = Dyl + appe (T — Ty)] D= e mm
3. B=d/D : SR B i
4. F, =1+ 00074 W, | B = -
For gas and liquid F, = 1 . o S el
2 k—1 :
s o= [N LSS | -
. - — 2 . €= e, i
k=1 1— s @)% 1 K - :
Where: K = [p — (DP) (X/10)%)/p
N.B.: If the fluid is a liquid e = 1
6. Q= 2.107 - 10-5 ﬁe X d2 /DP p estimated q = . ke/s
_ 12732 - 106 gy . P ey
7. RCD— 'I]D' ) | RED-—. .................... )
C = 0.9965 — 0.00653 8Os [ 106 1% c
g L=u . (RE:D).. o = ertiserrene s
: _ 1 : o
9, qm = 3512407 - 105 C ﬁ;f X d2F; /DP p  calculated qm= kg/.s. _
Repeat 7 through 9 until calculated g, agrees with ' o o o
previously calcittated qp, to within 0.01% . : > :
S R LTI . S :
Flow factor g/X = coverreriennnes kg/s
Calenlated by: Dale: Sign.:
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10
20
30
40
50
60
70
80
90

100

110

120

130

140
150
160
500
510
520
530
540
550
560
570
580
590
600
610
620
630

640 K1 =

650
660
670
680
690
700
710
720
730
740
750
760
770
780
790
80O
810
820
830
840

COMPUTER PROGRAM IN BASIC FOR B-9

INPUT “Service Liquid (L), Gas {G} or Steam (S) " FLUID$
INPUT "Viscosity under operating conditions : [m Pa-s]".N
iNPUT "Operating temperature - [ °Cl .7
INPUT "Density under operating conditions [ kg/m3]".R
INPUT "Operating pressure [ bar]"P
INPUT "Pipe diameter at To [ mm]",DM
iNPUT "Nozzle throat diameter at To [ mm]",DOM
INPUT "Transmitter range [ bar];",DP
INPUT "Indication of normal flow on scale (O- 10) ' _ X
INPUT “Linear expansion coeff. of pipe /°C]" AP
INPUT "Linear expansion coeff. of nozzle /°C]"AD
INPUT "Ambient temperature °Cl"TO
IF FLUID$="L"THEN W=0 :GOTO 500

INPUT "Ratio of specific heats Cp/Cv Y

IF FLUID$="G" GOTO 500

INPUT "Water content in wet steam [ %W
REM STEFP 1 {calculate d orifice at line conditions)
DO = DOM * (1 + AO (T — TO})

REM STEP 2 {calculate D at line conditions) _

m~rea e

D=DBM=* (1 + AP({T - TQ}) .

REM STEP 3 . {calculate 8 ratio)
= DOM / DM _
REM STEP 4 - {calculate steam correction factor Fs)
FS = 1 + 0.0074 » W
REM STEP 5 _ {calculate dp at normal flow indication)
DPN = DP + (X / 10)A2
REM STEF & {calculate epsilon)
E=1
IF FLUID$="L" THEN GOTO 850
K = (P —~DPN}/P
KA 2/7Y)
K2 = KA[lY —1)/Y}
E=((Y *KT /(Y —1)}*{{1 —BAL)/({1— BAL «K1)}*+{(1 —K2)/(1 ~K)Hr0.5
REM STEP 7
QM = 2.107 * 100 =4 » (1— BA4)A—0.5 » E * DOA2 * (DPN * R)AD.5
REM STEP 8 (calculate ReD)
RED = 1273200+« QM / (N * D)
REM STEP 9 ' (calculate discharge coefficient)
C = 0.9965 + 0.00653 »* B"\O 5 *(1000000 / RED)"0.5
REM STEP 10 {calculate new QM)

QM1 = 3.512407 * 10A—4 *C *FS *(1 —BAJA—0.5 *E.+ DOA2+(DPN=* R)A0.5

REM check if calculated QM agrees with previous QM within 0.01%

IF ABS {{QM —QM1) /QM1) = 0.0001 THEN QM=QM1 : GOTO 690

REM the following lines will print the output and restart the program
PRINT "Normal flow at scale [ kg/s]™;0QM1

PRINT "Flow factor [ kg/s]":QM1/X

PRINT "Beta ratio B

PRINT "Reynolds Number ‘ ":RED

INPUT "A new calculation Y/N A%

IF AR="Y" GOTO 10
END

243



Appendix C
Computér_ﬂow calculation program

Application

Requirements for a computer program
Available programs

Commercial availability

PGP S I

245



Appendix C  Computer flow calculation program

1 Application

If computer facilities are available, their use for flow calculations is recommended because the computer
will give uniform, reliable and accurate results which are strictly in accordance with the standards; this
will generally result in better material balances of the plant, and in a reduction of the time required by
skilled personnel.

2 Requirements for a computer program

The program shall at least perform at choice: .

1 For design calculations: the selection of the type of primary element, meter range and throat
diameter within the permitted limits and the accurate calculation of the flow factor.

2 For existing installations: accurate flow factor calculations with a check against limits giving
messages in case limits are violated. ‘

3 Available programs

A number of computer programs for flow calculations are commercially available. As far as is known,
these programs are not in all respects in accordance with this handbook or do not include a selection
feature. Therefore a special program completely in accordance with this handbook has been developed in
the Foriran 77 language. : -

The program incorporates the following operations:

1. Selection of the primary element, throat diameter and meter range. :

2. Checking and reporting invalidity or incompleteness of input data and limitations of B, r/D,
roughness and Rep. : .

3. Calculation of the exact flow factor.

4. Calculation of some related data, i.e. B, Rep, at scale reading, viscosity and density of steam, flow
coefficient, expansion factor and the expected error of measurement assuming the following stan-
dard deviations: : '

3y = *= 0.05% : Zp liquid = * 1.50%
2 = = 0.50% if internal D is not given =p steam = * 3.00%
¥p = = 0.10% if internal D is given ' 3p gas = + 4.00%
Zgp = *1.00%

!.h .

A data base system to store all the input values and the calculated results.
6. A full on-line screen option with data entry panels and tutorial panels (this version runs under
CMS).

4 Commercial availability 7 ‘
For further details of commercial availability contact SIPM The I-Iague: MFEE/4 Division.
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