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Part |I—Process Instrumentation and Control

SECTION 1—FLOW

1.1 Scope

This section presents recommended practices for install-
ing differential pressure instruments and area flowmeters.
These meters are commonly used to indicate, record,
transmit, and control fluid flow.

Flow measurement falls into two broad classifications:
refinery process flow measurement and custody transter. This
section is primarily concerned with process flow measure-
ment. Liquid custody transfer is normally done with positive
displacement meters or turbine meters, usuatly combined
with meter proving equipment. Custody transfer flow
measurement {1, 2, and 3] is covered in Chapters 4, 5, and
6 of the APl Manual of Perroleum Measurement Standurds !

1.2 General
1.2.1 DIFFERENTIAL PRESSURE INSTRUMENTS

The differential-head type of instrument measures flow in-
ferentially from the differential pressure caused by flow
through a primary element. This differential pressure is
sensed by diaphragms, bellows, or manometers. Transmit-
ters of the force or motion type are either pneumatic or elec-
tronic. Electronic transmitters use strain gages, capacitance
detectors, or other solid state detectors to provide output with
minimal sensing element displacement.

Primary elements are generally one of the types described
in 1.2.1.1 through 1.2.1.6.

1.2.1.1 Orifice

Orifices are usually thin concentric plates, but they may
be eccentric, segmental, quadrant edge, or some other special
form, depending upon their application.

‘Bracketed numbers indicate references 1o be found on pages 27 and 28.

1.2.1.2 Flow Nozzle

Flow nozzles are used in installations where higher velocity
and moderately better pressure recovery are required than
are obtainable with an orifice plate.

1.2.1.3 Venturi Tube

Venturi tubes are used in installations where high capacity
and good pressure recovery are required or where the
measured stream contains some solids.

1.2.1.4 Flow Tube

Flow tubes are used in installstions where low pressure
loss is a major consideration or where piping configurations
are restrictive.

1.2.1.5 Pitot Tube

Generally, pitot tubes are used in installations where no
appreciable pressure drop can be wlerated on high-volume
flows, such as on cooling water. The accuracy of the
measurement depends upon the determination of the average
velocity from the velocity profile. An averaging pitot tube
is also available.

1.2.1.6 Elbow Taps

Elbow taps are used in installations where the velocity is
sufficient and where high accuracy is not required [4].
Although they are less accurate than other differential
pressure instruments, elbow taps posscss goud repeatabil-
ity. A water velocity of 17 feet per second (5 meters per sec-
ond) will produce a water differential of uppmximalﬁ'y 100
inches (2500 millimeters). Some test data are available [3, 6).

1.2.2 VARIABLE AREA FLOWMETERS
For refinery service, rotameters are the most commonly
used meters in the area class.
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Orifice Plate Outside Diameters to Fit ANSI Service Rated Flange Unions
CLASS
.Nominal TAB
Pipe Size T t 300 600 900 1500 2500 L w
2 Ve Va2 4% 4% 5% 5% 5% 4 Y%
3 Ve Va2 5% 5% 6% 6% 7% 4 Ya
4 Ve Ye: 7' 7% 8% A 9, 6 1
6 % Y32 9% 10, 1134 1% 124 6 1
8 A A 124 1254 141, 137 15, 6 1
10 a e 14V, 153, 17'% 17% 18, 6 1
12 Ya [/ 1654 18 19%4 20, 2154 6 1
14 Ve . s 1914 1934 204 223/, 6 1
16 3% Y32 21Y, 22V, 2254 25/, 6 1
18 3% L7 23% 244 2514 27%, 6 1
20 3 7 253, 267 27V, 293, 7 1
24 % % 30% 31 33 35Y% 7 1
NOTES:

1. All measurements in inches.

2. The outside diameter (OD) of the orifice plate is that required to fit in-
side the bolts of standard ANSI flanges. The outside diameter is equal to
the diameter of bolt circle minus the nominal diameter of bolt, within a
manufacturing tolerance of +0 inches, —%;, inch (+0 millimeters, —.8
millimeters).

3. For orifice plate outside diameters in flange sizes and ratings not listed
above, refer to gasket OD dimensions given under Figure 3, Table 1, Ap-
pendix E in ANSI B 16.5—1981, Sieel Pipe Flanges and Flunged Fittings,
available from the American Society of Mechanical Engineers, 345 East
47th Street, New York, New York 10017,

4. The upstream face of the orifice plate shall be as flat as can be obtained

commercially; any plate departing from flatness along any diameter more
than 0.010 per inch (.25 millimeters) of dam height, (D-d)/2, shall be unac-
ceptable. Surface roughness shall not exceed 50 microinches in a band at
least 0.25 diameter wide around the orifice bore.

5. All seating surfaces for spiral-wound gaskets should be clean and frec
of rust, burrs, nicks, and so forth. Any surface not meeting the following
1olerances should be relapped:

{a) Roughness: Should not exceed 80 root mean square with 63 root mean
square or better as optimum.

(b) Flatness: Out-of-plane tolerances must not exceed 0.0025 inch (0.06
millimeter). The cumulative out-of-flataess for two mating surfaces shall
not exceed 0.0040 inch (0.1 millimeter).

Figure 1-1—Concentric Qrifice Plate
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