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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, con-
sultants, or other assignees represent that use of this publication would not infringe upon pri-
vately owned rights.

Users of this Standard should not rely exclusively on the informatin contained in this docu-
ment. Sound business, scientific, engineering, and safety judgment should be used in 
employing the information contained herein.

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 publi-
cation may conflict.

API publications are published to facilitate the broad availability of proven, sound engineer-
ing 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 prod-
ucts do in fact conform to the applicable API standard.

All rights reserved. No part of this work may be reproduced, 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, N.W., Washington, D.C. 20005.

Copyright © 2007 American Petroleum Institute
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FOREWORD

Nothing contained in any API publication is to be construed as granting any right, by impli-
cation 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.

This document was produced under API standardization procedures that ensure appropriate 
notification and participation in the developmental process and is designated as an API stan-
dard. 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, N.W., Washington, D.C. 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 and updated
quarterly by API, 1220 L Street, N.W., Washington, D.C. 20005.

Suggested revisions are invited and should be submitted to the Standards and Publications 
Department, API, 1220 L Street, NW, Washington, D.C. 20005, standards@api.org.
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Vortex Shedding Flowmeter for Measurement of Hydrocarbon Fluids

1 Introduction
This document describes the design, installation and operation of vortex shedding flowmeters for the measurement of 
fluid flows, especially hydrocarbon flow measurement. It is being issued initially as a draft standard in order for the 
industry to obtain more experience with the technology, as well as to determine where this technology may best be applied 
within the industry. It will have a term of 3 years, at which time it will either be dropped or considered as a standard in 
MPMS. One particular area where additional experience is needed prior to converting this to a custody transfer standard 
is in the area of proving. However, this document may provide guidance for non-custody applications where the technol-
ogy provides benefit.

Vortex shedding flowmeters are inferential meters that derive flow rate by measuring the shedding frequency of vortices which are 
with a few exceptions proportional to flow rate. The vortices which are sensed electronically are generated by placing a bluff body 
in the fluid path. Numerical computational techniques are then used to compute the fluid velocity and flow rate at line conditions.

Vortex shedding flowmeters may be utilized to measure the flow rate of liquids, gases and steam.

2 Scope
This document:

a. provides information on vortex shedding flowmeters, operation and terminology;
b. provides sets of engineering equations useful in specifying performance;
c. describes how the vortex shedding frequency is used to determine the velocity in order to infer the volume, mass, and energy
flow rate and how the total fluid flow through the meter over a specific time interval can be measured;
d. describes the physical components of vortex shedding flowmeters and identifies need for inspection, certification, and material
traceability;
e. provides guidance on application and installation design;
f. addresses the effect of fluid properties, installation, and process conditions that may affect vortex shedding accuracy, and
describes guidelines for reducing or eliminating their influences;
g. defines the method for calculating uncertainty of the flow rate measurement;
h. defines the meter output requirements and necessary information pertaining to the meter output for the purpose of fiscal mea-
surement of hydrocarbon fluids; and
i. provides calibration and/or performance verification guidance.

3 Field of Application
This document applies to:

a. single phase Newtonian fluids including steam and most hydrocarbon liquids and gases running full in a closed conduit; and
b. fluid flows that are steady or that vary slowly in time.

3.1 GENERAL CHARACTERISTICS OF THE VORTEX FLOW MEASUREMENT TECHNOLOGY

• The vortex flowmeter is a field-proven technology with many installed meters operating worldwide. It is applicable to sin-
gle phase fluids (i.e., liquids or gases including dry steam). The response of the primary element is linearly proportional to
the actual volumetric flow rate through the device. Vortex shedding is primarily considered a flowmeter for “clean” fluids.
Details of the meter sizing, selection, and application are presented in Sections (7, 8 and 9) of this document.

• Vortex shedding flowmeters are available in sizes 1/2 in. – 16 in., depending on manufacturer. However, application and
proving considerations may limit applicable sizes (see Section 6).

• The shedding frequency of the vortex flowmeter is independent of changes in viscosity or density of the flowing fluid
within specified limits.

• The volumetric K factor may be utilized to infer mass flow rate or volume flow rate at base or standard conditions using
applicable compensation methods or computed from known fluid properties.

• Vortex meters have no moving parts and the primary element, the vortex shedder, is not easily damaged during brief periods
of mixed phase flow.
1
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• The vortex flowmeter can produce an analog or digital output and/or a scaled pulse output. The dual output capability
allows independent signal for process control and direct pulse counting for flow totalization.

4 Definition, Symbols, and Variables

4.1 DEFINITIONS

The following definitions are useful in describing the characteristics of vortex shedding flowmeters. 

4.1.1 accuracy: The ability of a measuring instrument to indicate values closely approximating the true value of the quantity 
measured.

4.1.2 cavitation: The implosion of vapor bubbles formed after flashing when the local pressure rises above the vapor pressure 
of the liquid. See also flashing (4.1.4).

4.1.3 fade or pulse drop-off: Under certain flowing conditions (i.e., below the minimum Reynolds number), vortex meters 
fail to shed or will shed vortices of insufficient strength to be detected by the meter electronics a phenomenon referred to as fade. 
The likelihood of this phenomenon occurring may be reduced through proper sizing and installation. The sensitivity varies with 
design of the detectors or struts/shedder, piping configuration, and other installation features. The meter manufacturer should be 
consulted for specific recommendations.

4.1.4 flashing: The formation of vapor bubbles in a flowing liquid when the local pressure falls to or below the vapor pressure 
of the liquid, often due to local lowering of pressure, often because of an increase in the liquid velocity. See also cavitation
(4.1.2).

4.1.5 frequency output or output in the form of frequency varies as a function of the applied measurand (e.g., angular speed, 
flow rate, etc.). In the case of a vortex meter, the rate in which vortices are generated off the shedder bar is sometimes referred to 
as raw frequency.  Many designs offer manufactured pulses that are derived from the raw frequency but may be either higher or 
lower in value. In the case of raw and manufactured pulses, the frequency is directly proportional to the flow rate.

4.1.6 K factor is the ratio of the meter output in number of pulses to the corresponding volume of fluid passing through the 
meter. The variations in the K factor may be presented as a function of either pipe Reynolds number or flow rate (see Figure 4.1). 
The mean K factor is commonly used and is defined by:

Kmean
Kmax Kmin+

2
--------------------------= Equation 4.1

where 

Kmax = maximum K factor over a designated linear range

Kmin =  minimum K factor over the specified linear range

The K factor may change with pressure and thermal effects on the body of the meter (see Section 8). The manufacturer of the 
meter should be consulted regarding changes in K factor, if any, that occur between liquid and gas, or between one pipe schedule 
(inside pipe diameter) and another.

4.1.7 laminar flow: A smooth flow of fluid in which no mixing occurs between adjacent stream lines. 

4.1.8 linearity: The ideal accuracy curve of a volume meter is a straight line denoting a constant K factor. Meter linearity is 
expressed as the total range of deviation of the accuracy curve from such a straight line between the minimum and maximum rec-
ommended flow rates. The linearity of the meter is often defined as:

Linearity
Kmax Kmin–
Kmax Kmin+
--------------------------±= (refer to Figure 4.1) Equation 4.2
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Figure 4.1—Typical Shape of a K Factor Curve
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4.1.9 minimum response time: In the case of a pulse train type meter, response to a change in flow rate is a function of sys-
tem design more than of the pulse-generating phenomenon, because the shedding frequency is typically given by:

f
U
---- constant

d
--------------------= Equation 4.3

Refer to the manufacturer for the constant for the particular meter. As the meter bore increases, the frequency reduces. Recovery 
from a flow velocity change will then generally be slower for larger pipes. The user should determine the minimum designed 
count rate for the process to achieve a desired resolution.

4.1.10 permanent pressure loss of the meter: The differential pressure between the inlet and downstream location of the 
meter after the pressure recovery. The pressure drop is a function of velocity through the meter, meter inside diameter and flowing 
fluid properties such as density and viscosity.

4.1.11 primary element: The portion of a flowmeter element that responds to the change in the variable that is being moni-
tored. For a vortex meter, the primary element is the shedder bar in the flow tube. 

4.1.12 rangeability: The capability of a meter or flow measuring device to operate between the minimum and maximum flow 
range within an acceptable tolerance. Rangeability is generally expressed as ratio of a maximum flow to the minimum flow.

4.1.13 repeatability: (a) For flowmetering—The range of results between successive measurements of the same quantity 
using a single measurement device over a short period of time. More specifically, the ability of a meter and prover system to 
repeat its registered volume during a series of consecutive proving runs under the same operating conditions. (b) Laboratory Test 
Method—The difference between successive test results obtained by the same operator, with the same apparatus, under certain 
operating conditions, on identical test material using the same test method.
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4.1.14 Reynolds number (Re): The ratio of inertial forces to viscous forces; a measure of turbulence. A parameter that cor-
relates the actual flow profile with the fully developed flow profile established under steady flow of a homogeneous, Newtonian 
fluid. It is a dimensionless number defined as follows:

ReD
U ρ D⋅ ⋅

μ
--------------------= Equation 4.4

where, in compatible units

D  = unobstructed bore diameter (m or ft)

U  = average velocity of fluid in unobstructed meter bore (m/s or ft/sec)

ρ  = fluid density (kg/m3 or lbm/ft3)

μ  = absolute (dynamic) viscosity of the fluid (kg/m/s or lbm/ft/sec)

4.1.15 secondary element: The secondary instrumentation or/and transducer (sensor) that responds to the vortices shed by 
the primary element and conditions the signal for meter output.

4.1.16 Strouhal number (St): The Strouhal number is a dimensionless parameter that relates the measured vortex shedding 
frequency to the fluid velocity and the bluff body characteristic dimension and is given by:

St f d⋅
U

--------= Equation 4.5

where

f  = vortex shedding frequency (1/s or 1/sec)

d  = characteristic length scale of the bluff body, typically strut width (m or ft) 

U  = average velocity of fluid in unobstructed meter bore (m/s or ft/sec)

In this standard, Strouhal number is a dimensional parameter that is relevant to the separated flow past bluff bodies. It is the ratio 
between the vortex interval (i.e., space between successive vortices) and the shedder bar width. The vortex interval is a function of 
the width and shape of the shedder bar shape. In practice, the K factor replaces the Strouhal number as the significant parameter.

4.1.17 swirl: A qualitative term describing tangential motions of fluid flow in a pipe, tube, or tank.

4.1.18 systematic uncertainty: The uncertainty associated with systematic errors, those that cannot be reduced by increas-
ing the number of measurements. Figure 4.1 shows a systematic error that may be different for each design of vortex flowmeters 
but, for each design, knowing the curve presents one possibility of correcting for it in the meter or associated equipment and 
thereby improving the overall accuracy. The uncertainty of the points on the curve must be considered as random errors.

4.1.19 transition flow: Characterized by Reynolds numbers between 2,300 and 4,000 and the flow intermittently change 
from laminar to turbulent flow characteristics and vice se versa. 

4.1.20 turbulent flow: In turbulent flow, random flow patterns are superimposed upon the general flow progressing in a 
given direction. The transition from smooth uniform laminar flow to turbulent flow generally occurs as the Reynolds number 
increases from about 4,000 and higher.

4.1.21 wet gas flows: A predominate gas flow where particles of free liquid are transported generally as an aerosol mist. 
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4.2 SYMBOLS

Table 1—Symbols and Dimensions 

Symbol Description Dimensions (Note [1]) SI (Metric) Units U.S. Customary Units

a Response time T s sec
c1 & c2 Empirical constant dimensionless

D Unobstructed diameter of meter bore, 
thus, the effective inside pipe diameter

L m ft

d Width of strut, normal to the flow L m ft
f Frequency T –1 Pulses/s Pulses/sec
K K factor L –3 Pulses/m3 Pulses/ft3

N or n Number of pulses dimensionless
P Pressure ML–1T–2 Pa lbf/in.2

Pmin Minimum upstream pressure ML–1T–2 Pa lbf/in.2

Pd – min Minimum downstream pressure ML–1T–2 Pa lbf/in.2

P Unrecoverable pressure drop ML–1T–2 Pa lbf/in.2

Pvap Liquid vapor pressure at the flowing 
temperature

ML–1T–2 Pa lbf/in.2

Q Totalized flow L3 or M m3 or kg ft3 or lbm
Qm Totalized mass flow M kg lbm
Qv Totalized volume flow L3 m3 ft3

 q Flow rate [volume or mass] L3T–1, MT–1 m3/s, kg/s ft3/sec, lbm/sec
qm Mass flow rate MT–1 kg/s lbm/sec
qv Volume flow rate L3T–1 m3/s ft3/sec

ReD Pipe Reynolds number dimensionless
St Strouhal number dimensionless

T or θ Temperature θ °C °F
t Two-tailed Student’s t at 95% 

confidence
dimensionless

U Average fluid velocity through meter 
bore

LT–1 M/s ft/sec

 α Thermal expansion coefficient of meter 
material

θ–1 mm/mm/°C in./in./°F

δ % error in the average period dimensionless
μ Absolute viscosity (dynamic) ML–1 T–1 Pa s or g•cm/sec2 centipoise or lbf-sec/ft2

τ Average period of vortex shedding T s sec
ρ Fluid density ML–3 kg/m3 lbm/ft3

σ Estimate of standard deviation of the 
average period

T s sec

Note: [1] Fundamental dimensions: M = Mass;  L = Length; T = Time; θ = Temperature
ment details: Vortex Shedding Flowmeter for Measurement of Hydrocarbon Fluids 2007

http://www.avadocuments.com/doc/vortex-shedding-flowmeter-for-measurement-of-hydrocarbon-fluids-2007
http://www.avadocuments.com/doc/vortex-shedding-flowmeter-for-measurement-of-hydrocarbon-fluids-2007


6 DRAFT STANDARD

Full do
4.3 SUBSCRIPTS

Subscript Description
b Base conditions of temperature, pressure, density and gas composition
D Unobstructed diameter of meter bore, see above
d Downstream
f Flowing fluid conditions
i The i-th measurement
m Mass units

max Maximum value
mean Average of extreme values
min Minimum value
 o Refers to reference condition
V Volume units, reference conditions
 v Volume units, flowing conditions

4.4 ABBREVIATIONS

URV—Upper Range Value

URF—Upper Range Frequency

LFCI—Low Flow Cut–in

LFCO—Low Flow Cut-off
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Webster, J.G., ed., CRC Press, 1999, pp. 28.89 – 28.99.
5. Miller, R. W., Flow Measurement Engineering Handbook, 3rd edition, NY: McGraw-Hill, 1996, pp. 3.41 – 3.42.
6. ASME MFC-6M-1998, Measurement of Fluid Flow in Pipes Using Vortex, An American National Standard, American
Society of Mechanical Engineers.
7. ISO, Technical Report, TR 12764, Measurement of fluid flow in closed conduits—Flowrate measurement by means of vor-
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55617-736-4.
9. API Manual of Petroleum Measurement Standards Ch. 12—“Calculation of Petroleum Quanitities Using Dynamic Mea-
surement methods and Volume Correction Factors.”
10. ASME MFC-9M, Measurement of Liquid Flow in Closed Conduits by Weighing Methods.
11. ISO 4185, Measurement of Liquid Flow in Closed Conduits—Weighing Method, 11/01/93.
12. ISO 8316, Measuremnt of Liquid Flow in Closed Conduits—Method by Collection of the Liquid in a Volumetric Tank, 10/
01/87.

6 System Description
The vortex shedding flowmeter can be described as having two major components, the flow tube and the transmitter. The 
response of the primary element is linearly proportional to the actual volumetric flow rate through the device. 
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