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Special Notes

API publications necessarily address problems of a general nature. With respect to particular circumstances, local, 
state, and federal laws and regulations should be reviewed.

Neither API nor any of API's employees, subcontractors, consultants, committees, or other assignees make any 
warranty or representation, either express or implied, with respect to the accuracy, completeness, or usefulness of the 
information contained herein, or assume any liability or responsibility for any use, or the results of such use, of an y 
information or process disclosed in this publication. Neither API nor any of API's employees, subcontractors, 
consultants, or other assignees represent that use of this publication would not infringe upon privately owned rights.

API publications may be used by anyone desiring to do so.  Every effort has been made by the Institute to assure the 
accuracy and reliability of the data contained in them; however, the Institute makes no representation, warranty, or 
guarantee in connection with this publication and hereby expressly disclaims any liability or responsibility for loss or 
damage resulting from its use or for the violation of any authorities having jurisdiction with which this publication ma y 
conflict.

API publications are published to facilitate the broad availability of proven, sound engineering and operating 
practices. These publications are not intended to obviate the need for applying sound engineering judgment 
regarding when and where these publications should be utilized. The formulation and publication of API publications 
is not intended in any way to inhibit anyone from using any other practices.

Any manufacturer marking equipment or materials in conformance with the marking requirements of an API standard 
is solely responsible for complying with all the applicable requirements of that standard. API does not represent, 
warrant, or guarantee that such products do in fact conform to the applicable API standard.

All rights reserved. No part of this work may be reproduced, translated, stored in a retrieval system, or transmitted by any means, 
electronic, mechanical, photocopying, recording, or otherwise, without prior written permission from the publisher. Contact the 

Publisher, API Publishing Services, 200 Massachusetts Avenue, NW, Washington, DC 20001

Copyright © 2017 American Petroleum Institute
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Foreword

Nothing contained in any API publication is to be construed as granting any right, by implication or otherwise, for the 
manufacture, sale, or use of any method, apparatus, or product covered by letters patent. Neither should anything 
contained in the publication be construed as insuring anyone against liability for infringement of letters patent.

Shall: As used in a standard, “shall” denotes a minimum requirement in order to conform to the specification.

Should: As used in a standard, “should” denotes a recommendation or that which is advised but not required in order 
to conform to the specification.

This document was produced under API standardization procedures that ensure appropriate notification and 
participation in the developmental process and is designated as an API standard. Questions concerning the 
interpretation of the content of this publication or comments and questions concerning the procedures under which 
this publication was developed should be directed in writing to the Director of Standards, American 
Petroleum Institute, 200 Massachusetts Avenue, NW, Washington, DC 20001. Requests for permission to reproduce 
or translate all or any part of the material published herein should also be addressed to the director.

Generally, API standards are reviewed and revised, reaffirmed, or withdrawn at least every five years. A one-time 
extension of up to two years may be added to this review cycle. Status of the publication can be ascertained from the 
API Standards Department, telephone (202) 682-8000. A catalog of API publications and materials is 
published annually by API, 200 Massachusetts Avenue, NW, Washington, DC 20001.

Suggested revisions are invited and should be submitted to the Standards Department, API, 200 Massachusetts 
Avenue, NW, Washington, DC 200015, standards@api.org.
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Introduction

This document defines a testing and reporting protocol for flow measurement devices based on the detection of a 
pressure differential that is created by the device in a flowing stream. The overall objectives of this testing protocol are 
to facilitate the introduction of new technologies, provide a standard method for validating manufacturer's 
performance specifications, and define the minimum requirements needed to determine relative performance 
characteristics of differential pressure metering devices under a standardized testing protocol. This protocol applies to 
both liquids and gases. 

This protocol achieves these objectives by testing representative meters provided by the manufacturer in order to:

— Quantify the discharge coefficient uncertainty and the meter's sensitivity to flow profile over a range of 
Reynolds numbers, sizes, area ratios, upstream and downstream piping installations, and differential 
pressure to static pressure ratios;

— Test the gas expansion factor equation provided by the manufacturer and the manufacturer's method of 
determining the individual discharge coefficient for each meter to determine if they are statistically similar;

— Report the results of the testing and disclose any results that are not statistically similar as discovered during 
the testing process. 

Performance characteristics such as discharge coefficient uncertainty, installation effects, the gas expansion factor 
equation, and the method of determining the discharge coefficient, can be performed as a type test under this 
protocol. For these characteristics, the results obtained from the tests described in this protocol can be applied to all 
meters of the same design that are used within the limits of the parameters tested under this protocol (e.g. size, area 
ratio, Reynolds number, differential pressure to static pressure ratio). 

This is not a type-testing protocol for those meters that use a standard discharge coefficient equation for all meters of 
the same model, size, and area ratio. This standard requires the discharge coefficient or discharge coefficient 
equation to be determined for each individual meter. Quantifying the uncertainty of a standard discharge coefficient 
equation based on the statistical variation of dimensions in the manufacturing process is beyond the scope of this 
protocol. This protocol assumes that the influence of dimensional variation is quantified by individually testing each 
meter to determine its discharge coefficient under baseline conditions. 

Examples of flow meters covered in this standard include, but are not limited to, orifice plates, Venturis, nozzles, 
cone-type meters, wedge meters, and multiport averaging Pitot tubes. However, this protocol does not cover 
differential devices for which an API standard has been published (the flange-tapped orifice plate per API MPMS
Ch. 14.3, for example).

vi
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Chapter 22—Testing Protocol
Section 2—Differential Pressure Flow Measurement Devices

1 Scope

1.1 General

The testing protocol is limited to single-phase Newtonian fluid flow, and no consideration is given to pulsation effects. 
Further revisions of this document may include the testing of such meters in wet gas or multi-phase service and the 
effects of pulsation. This standard does not address testing protocols of those devices that operate on the principle of 
critical or choked flow condition of fluids. 

The testing protocol covers any flow meter operating on the principle of a local change in flow velocity caused by the 
meter geometry, giving a corresponding change of pressure between two reference locations. There are several 
types of differential pressure meters available to industry. It is the purpose of this standard to illustrate the range of 
applications of each meter design and not to endorse any specific meter. The basic principle of operation of the flow 
measuring devices follows the physical laws relating to the conservation of energy and mass for the fluid flows 
through the device. 

Any API MPMS document addressing a specific type or design of differential pressure flow measuring device will 
supersede the requirements of this document for that type or design. An example of such standards are all parts of 
API MPMS, Chapter 14.3, Concentric, Square-Edged Orifice Meters.

1.2 Differential Pressure or Head-type Flow Meters

The operating principle of a differential pressure flow meter is based on two physical laws - the conservation of energy 
and conservation of mass, where changes in flow cross-sectional area and/or flow path produce a differential 
pressure, which is a function of the flow velocity, fluid path, and fluid properties. 

This testing protocol applies to all types of differential-pressure meters. The examples presented below illustrate 
some of the applicable meter designs; however, this protocol is not limited to these meter types.          

Figure 1—Concentric Orifice Flow Meter
1
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Figure 2—Eccentric and Segmental Orifice Flow Meters

Figure 3—Quadrant-edge and Conical Orifice Plates

Figure 4—Venturi Flow Meter
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Figure 5—Flow Nozzle

Figure 6—Cone Meter

Figure 7—Dall Tube Low-loss Meter

 

ment details: API MPMS 22.2 2017 (2022)

http://avadocuments2026.com/doc/api-mpms-22-2-2017-2022
http://avadocuments2026.com/doc/api-mpms-22-2-2017-2022


4 API MPMS CHAPTER 22.2—TESTING PROTOCOL

Full do
Figure 8—Wedge Meter

Figure 9—Pitot-static Tube Meter

Figure 10—Multi-port Averaging Pitot
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2 Normative References

The following referenced documents are indispensable for the application of this document. For dated references, 
only the edition cited applies. For undated references, the latest edition of the referenced document (including any 
amendments) applies. 

API MPMS Chapter 14, Natural Gas Fluids Measurement, Section 3, Concentric, Square-edged Orifice Meters, 
Part 1, General Equations and Uncertainty Guidelines

API MPMS Chapter 14, Natural Gas Fluids Measurement, Section 3, Concentric, Square-edged Orifice Meters, 
Part 2, Specification and Installation Requirements

ASME B46.1-2002, Surface Texture (Surface Roughness, Waviness, and Lay)

ISO GUIDE 98-3: Uncertainty of measurement—Part 3: Guide to expression of uncertainty in measurement 
(GUM:1995)

3 Terms and Definitions

The definitions are given to emphasize and clarify the particular meaning of terms as used in this document. 

3.1
area ratio (Ar)
The minimum unrestricted area at the primary device divided by the cross-sectional area of the meter pipe or meter 
body, as applicable. 

3.2
Beta ratio (β)
The ratio of the orifice bore to the internal diameter of the meter tube.

3.3
calibration facility
A flow laboratory used to determine the discharge coefficient of individual meters provided for field use by a 
manufacturer.

3.3.1 
independent calibration facility
A calibration facility that is not owned, operated, or affiliated with the manufacturer.

3.3.2 
in-house calibration facility
A calibration facility that is owned, operated, or affiliated with the manufacturer. 

3.4
critical dimension
The dimension (including parameters such as sharpness or surface finish) of any part of the meter that could affect 
the discharge coefficient.

3.5
differential pressure (DP)
The pressure difference between the differential meter upstream and downstream pressure taps used to calculate 
flow rate.
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3.6
discharge coefficient (Cd)
The ratio of the actual flow rate through a primary device to the theoretical flow rate. The theoretical flow rate 
corresponds to the flow rate without any loss of energy due to friction. 

3.6.1 
tested discharge coefficient 
The discharge coefficient determined at a specific Reynolds number and configuration during the testing required by 
this protocol.

3.6.2 
predicted discharge coefficient 
The discharge coefficient provided by the manufacturer, normally based on a flow calibration of the meter under 
baseline conditions. The predicted Cd is typically presented as an equation that curve-fits the individual discharge 
coefficients determined during the flow calibration of the meter or as a fixed value representing the average discharge 
coefficient determined during the flow calibration of the meter. 

3.7
dynamic, total, or stagnation pressure (Pst)
For an elemental fluid streamline, the increase in pressure above the static pressure that would result from the 

complete isentropic transformation of the kinetic energy of the fluid into pressure energy. It is equal to , if the 

fluid is incompressible, where is ρ the density of the fluid and v is the velocity.

3.8
flow conditioner
A device installed upstream of the primary device, designed to minimize the effect of flow profile distortions on the 
discharge coefficient.

3.9
flowing temperature (Tf)
The measurement of heat intensity of the flowing gas.

3.10
gas expansion factor (Y)
The ratio of the flow rate for a compressible fluid to its flow rate as an incompressible fluid, for the same Reynolds 
number and geometry. 

3.11
geometrically similar, geometric similarity, geometric similitude
Refers to meters of different sizes for which the ratio of all critical dimensions between the meters are the same. 

3.12
individual flow calibration
Flow testing of every meter that is manufactured in order to determine its discharge coefficient under baseline 
conditions. 

3.13
meter
The assembly or device provided by a manufacturer to measure the flow rate of a fluid in a pipe. It consists of a 
primary device and may include pressure taps and a meter body.

1
2
---ρ v2×
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3.14
meter asymmetry
The orientation of specific items in the meter in relation to the axis of the meter. For example, it may refer to the 
position of the pressure tap holes or the orientation of supports within the meter that are not symmetrically placed 
throughout the diameter. 

3.15
meter body
The section of pipe surrounding the primary device and to which the primary device is attached and held into position. 
It includes straight sections of pipe upstream or downstream of the primary device that are integral to the meter.

3.16
meter pipe
The straight and uninterrupted sections of pipe upstream and downstream of the meter into which the meter is 
mounted in the test facility and in field.

3.16.1 
meter pipe internal diameter, Di, Dm, Dr, or D
The published meter pipe internal diameter (Di) is the inside diameter as published in standard piping handbooks. 
The measured meter pipe diameter (Dm) is the average inside diameter of the upstream section of the meter pipe 
measured at a distance from the primary device or meter body as defined by either a published standard or by the 
manufacturer and at the temperature of the meter pipe (Tm) at the time of the internal diameter measurements. The 
reference meter pipe diameter (Dr) is the measured meter pipe diameter adjusted to a reference temperature. The 
calculated meter pipe diameter (D) is the measured or reference meter pipe diameter adjusted to the flowing 
temperature of the fluid at an instant of time. 

3.16.2 
meter pipe length—downstream
If the meter includes a meter body, then the downstream meter pipe length is the distance from the downstream end 
of the meter body to the nearest downstream piping disturbance. If the meter does not include a meter body then the 
downstream meter pipe length is the distance from the outlet of the primary device to the nearest downstream piping 
disturbance.

3.16.3 
meter pipe length—upstream
If the meter includes a meter body, then the upstream meter pipe length is the distance from the upstream end of the 
meter body to the nearest upstream piping disturbance. If the meter does not include a meter body then the upstream 
meter pipe length is the distance from the inlet of the primary device to the nearest upstream piping disturbance. Flow 
conditioners are not considered a disturbance for the purpose of this definition. 

3.17
primary device
The primary device is the component of the meter that causes the fluid to accelerate or decelerate, thereby creating a 
measurable and predictable pressure drop in response to flow rate. 

3.18
Reynolds number (Re)
The Reynolds number is the ratio of the inertial forces to the viscous forces of the fluid flow. This non-dimensional 
parameter is defined as:

(2.2)Re VLρ
μ
----------=
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Full do
where

V = the average axial velocity

L = a characteristic length, which in most applications is the calculated meter pipe diameter (D)

ρ = the density of the fluid

µ = the absolute viscosity of the fluid

3.18.1 
ReD
The Reynolds number within the meter pipe or meter body. Unless otherwise stated, the term “Reynolds number” 
refers to the Reynolds number within the meter pipe or meter body (ReD).

3.18.2 
Red
The Reynolds number within the primary device 

3.19
roughness average (Ra)
The arithmetic average of the absolute values of the measured profile height deviation taken within the sampling 
length and measured from the graphical centerline (see ANSI B46.1). 

3.20
static pressure, Pf
The pressure in a fluid or system that is exerted perpendicular to the surface on which it acts. In a moving fluid, the 
static pressure is measured at right angles to the direction of flow.

3.20.1 
static pressure—downstream (Pf2)
The static pressure as measured from the low pressure tap, typically taken within, or downstream of the primary 
device. 

3.20.2 
static pressure—upstream (Pf1)
The static pressure as measured from the high pressure tap, typically taken upstream of the primary device.

3.21
swirl
A condition in which the flow has a rotational (tangential) component in addition to the axial velocity component.

3.22
swirl angle
The angle (θs), in degrees, between the tangential and the axial velocity components at any point in the flow field.

3.23
test facility
The laboratory or facility performing the tests required by this protocol.

3.23.1 
independent test facility
A test facility that is not owned, operated, or affiliated with the meter manufacturer.
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