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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 any 
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 ensure 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 may 
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, 1220 L Street, NW, Washington, DC 20005.

Copyright © 2018 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.

The verbal forms used to express the provisions in this specification are as follows:

— the term “shall” denotes a minimum requirement in order to conform to the standard;

— the term “should” denotes a recommendation or that which is advised but not required in order to conform to the 
standard;

— the term “may” is used to express permission or a provision that is optional;

— the term “can” is used to express possibility or capability.

Informative elements—As used in a standard, “informative” denotes elements that identify the document, introduce its 
content, and explain its background, development, and its relationship with other documents or provide additional 
information intended to assist the understanding or use of the document.

Normative elements—As used in a standard, “normative” denotes elements that describe the scope of the document 
and that set out provisions that are required to implement the standard.

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, 1220 L Street, NW, Washington, DC 20005. 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, 1220 L Street, NW, Washington, DC 20005.

Suggested revisions are invited and should be submitted to the Standards Department, API, 1220 L Street, NW, 
Washington, DC 20005, standards@api.org.
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Introduction 

This technical report documents performance characteristics of several commercially available vortex meters for 
liquid flows. Although vortex meters are available in full-bore and reduced-bore designs, performance verification and 
characterization were limited to full-bore liquid vortex meters only, due to the inadequacy of test data available in the 
public domain for reduced-bored designs and lack of funding to develop a field test database for hydrocarbon liquids. 
Vortex meter test results reported in this document are of nominal 2-in. (50-mm) and 4-in. (100-mm) meter sizes. Five 
vortex meter vendors participated in the laboratory and field tests with hydrocarbon liquid of 4-in. (100-mm) meters, 
while only three manufacturers participated in the 2-in. (50-mm) tests. Since the flow rate through 2-in. (50-mm) 
vortex meters is relatively low, its use in field trials with hydrocarbon fluids was not possible, as it would delay and limit 
the normal operation of the field meter. Therefore, 2-in. (50-mm) vortex meter tests were limited to performance 
verification at the laboratory test facility with water only.

The baseline performance of each meter was established under controlled flowing conditions of the laboratory test 
facility, where the test fluid was water. Commercially available 4-in. (100-mm) vortex meters output may have a 
manufactured pulse, where the pulse output is used during proving of the meter to establish the meter factor and 
repeatability of the meter factor. Also, due to time variations of shed vortices that result from hydrodynamic instability 
and current limitations of the available sensor technology, the raw pulse signal of vortex meters require time 
averaging. The reference flow rate at the proving facility was established by a Small Volume Prover (SVP), also 
referred to as Captive Displacement Prover (CDP), because proving of field meters for hydrocarbon fluids was 
performed by portable proving systems that used SVP. The time of the proving run of a SVP normally used to 
calibrate 4-in. (100-mm) meters was inadequate for the time-averaged proving run required for the flow rate range of 
the liquid vortex meters. The laboratory proving setup duplicated the portable field proving system. In order to achieve 
repeatable meter factors (MF) and laboratory and field proving of vortex meters, the MF of the meter being tested was 
established by utilizing the transfer proving method. The master meter (MM) for the transfer proving was the liquid 
turbine meter, whose MF was established by the SVP. At the proving facility, the MM, meter being tested, and SVP, 
were installed in series.

In the field, the performance of the vortex meter for hydrocarbon flows were established against the field flowmeter as 
the master meter, after the field meter was flow calibrated by the portable proving system. Therefore, variations in flow 
rate and properties of hydrocarbon fluids for vortex meter were limited as vortex meter could only be tested for the 
flow rates and properties of the hydrocarbon fluids for which the field meter were being calibrated. Vortex meter 
proving and performance data for hydrocarbon liquids presented in this technical report are limited. While developing 
this report, there was no significant test data available in literature or in the public domain for vortex meters that 
characterized the performance of vortex meters with hydrocarbon liquid flows indicating the precision and uncertainty. 

Members of the API Working Group were assigned to evaluate the performance characteristics of liquid vortex 
meters, document the response of vortex meters for hydrocarbon liquids, and to develop this Technical Report to 
examine the current use of liquid vortex meters. Therefore, individuals who use flowmeters can make an informed 
decision before selecting liquid vortex meters, to determine if the performance characteristics of the vortex meter can 
adequately meet the required measurement uncertainty when applied.

The Work Group appreciates the support of Coastal Flow and participating vendors that donated vortex meters for 
this study.
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1

Performance of Full-bore Vortex Meters for Measurement of Liquid Flows

1 Scope 

This technical report provides:

— documentation of performance characteristics of full-bore liquid vortex meters for measuring liquid hydrocarbon 
flows of different API gravity under the field operating conditions and under a controlled environment in a 
laboratory test facility with water as the proving fluid.

— limited laboratory proving facility test results using water as the calibration fluid of several and 2 in. (50 mm) and 
4 in. (100 mm) commercially available full-bore vortex meters that are typically installed for non-custody transfer 
liquid installations. 

— typical performance of full-bore 4-in. (100-mm) liquid vortex meters for liquid hydrocarbon measurement and to 
provide guidance in selecting liquid vortex meters for custody transfer measurement.

2 References

— API Manual of Petroleum Measurement Standards (MPMS) Chapter 4 

— ASME Measurement of Fluid

— Flow in Pipes Using Vortex Flowmeters (MFC 6-2013), Appendix A

— International Organization of Legal Metrology (OIML) D 25 Report, Vortex meters used in measuring systems for 
fluids, 2010

3 Terms, Definitions, and Abbreviations

For the purposes of this document, the following definitions apply. 

3.1
accuracy
The extent to which the results of a calculation or the readings of an instrument approach the true value. 

3.2
bias
Any influence on a result that produces an incorrect approximation of the true value of the variable being measured. 
Bias is the result of a predictable systematic error. 

3.3
calibration 
A set of operations which establish, under specified conditions, the relationship between the values indicated by a 
measuring device and the corresponding known values indicated when using a suitable measuring standard.

3.4
compensation 
The adjustment of the measured value to reference conditions (e.g. pressure compensation).

3.5
flowing density 
The density of the fluid at actual flowing temperature and pressure. 
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