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Vortex Shedding Flowmeters

A practical guide to vortex shedding flowmeters, covering the reader intent, the
relationship to vortex shedding flowmeters, key evaluation criteria, common risks,
and the information the intended project audience should confirm before taking
the next step.
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In the landscape of industrial process control, the accurate measurement of fluid
flow is as critical as monitoring pressure or temperature. Vortex shedding
flowmeters have emerged as a versatile and robust solution for measuring the
volumetric flow rate of liquids, gases, and steam. Based on the principle of fluid
dynamics first described by Theodore von Karman, these instruments offer a
unigue combination of long-term stability, wide turndown ratios, and a lack of
moving parts, making them a staple in high-demand environments like chemical
processing, power generation, and water treatment.

| The Principle of Vortex Shedding

To understand why vortex shedding flowmeters are preferred in many industrial
applications, one must first understand the physics behind their operation. The
measurement principle relies on the "Von Karman effect."

When a fluid (liquid or gas) flows past a non-streamlined object, known as a bluff
body or shedder bar, it cannot follow the sharp contours of the object. This causes
the fluid to separate from the surface of the bluff body, creating areas of low
pressure. These low-pressure zones result in the formation of alternating
vortices—swirls of fluid—that are shed from either side of the body.

The frequency at which these vortices are shed is directly proportional to the
velocity of the fluid moving through the pipe. This relationship is defined by the
Strouhal number ($5t$), a dimensionless constant for a specific bluff body shape.
The formula used by the transmitter to calculate flow is:

$$f = St \times \frac{V}{d}$$
Where:

$f$ is the vortex shedding frequency.
$5t$ is the Strouhal number.

$V$ is the fluid velocity.

$d$ is the width of the bluff body.
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Inside the flowmeter, a sensor—typically a piezoelectric crystal—detects the
pressure fluctuations caused by the vortices. The electronics within the transmitter
then convert these frequency signals into a standardized output, such as a 4-20mA
signal or a digital pulse, representing the flow rate. Because the shedding
frequency depends only on the velocity and the geometry of the shedder bar, the
measurement is relatively independent of fluid density, pressure, or temperature,
provided the Reynolds number is sufficiently high.

| Key Evaluation Criteria for Industrial Selection

Selecting the right vortex shedding flowmeter requires a thorough analysis of the
process conditions. Engineers must look beyond simple pipe size and consider the
physical properties of the media and the environmental constraints of the
installation site.

#### 1. Fluid Type and State

Vortex meters are exceptionally effective for measuring steam—both saturated
and superheated—which is notoriously difficult for other flow technologies. They
are also widely used for compressed air and low-viscosity liquids (water,
chemicals, and light hydrocarbons). However, they are generally unsuitable for
high-viscosity fluids or slurries, as these media dampen the formation of vortices.

#### 2. Reynolds Number Requirements

For a vortex meter to maintain its specified accuracy, the flow must be turbulent.
This is measured by the Reynolds number ($Re$). Most vortex shedding
flowmeters require a minimum Reynolds number of 10,000 to 20,000 to function. If
the flow is too slow (laminar flow), the vortices will not shed consistently, leading
to inaccurate readings or a "low-flow cutoff* where the meter registers zero flow.

#### 3. Turndown Ratio and Rangeability

Turndown ratio refers to the range between the maximum and minimum flow rates
the meter can accurately measure. Vortex meters typically offer a turndown ratio
of 10:1 to 30:1. While this is superior to orifice plates, it is important to ensure that
the expected minimum flow of the process remains above the meter's shedding
threshold.
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##H## 4. Material Compatibility

Since the bluff body is in constant contact with the process media, material
selection is paramount. Standard units are often constructed from 316 Stainless
Steel, but for corrosive chemical applications, high-nickel alloys like Hastelloy may
be required to prevent erosion and chemical attack.

| Practical Selection Table

Parameter Saturated/Superheatedompressed Air / Low-Viscosity
Gases Liquids

Typical Accuracy +1.0% to £1.5% of *+1.0% to £1.5% of +0.75% to. £1.0% of
rate rate rate

Temperature Range Up to 400°C (750°F) -40°C to 260°C -40°C to 260°C

Pressure Loss Moderate Low Low to Moderate

Reynolds Number >20,000 >15,000 >10,000

Key Advantage High temperature No moving parts to Long-term calibration
resistance wear stability

| Installation Considerations

Proper installation is the most critical factor in ensuring the performance of vortex
shedding flowmeters. Because the technology relies on a stable velocity profile to
create uniform vortices, any turbulence upstream of the meter can introduce
significant errors.

Straight Pipe Runs: To achieve a fully developed flow profile, vortex meters require
a specific length of straight pipe both upstream and downstream. A general rule of
thumb is 10 diameters (10D) of straight pipe upstream and 5 diameters (5D)
downstream. If the meter is placed after a valve or a complex bend, the upstream
requirement may increase to 20D or 30D.
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Piping Alignment: The meter must be centered perfectly within the pipe. Internal
steps or gaskets protruding into the flow stream can create parasitic vortices that
interfere with the primary shedding frequency.

Vibration Mitigation: While modern digital signal processing (DSP) helps filter out
noise, excessive mechanical vibration in the piping can be misinterpreted by the
piezoelectric sensors as flow. In high-vibration environments, the meter should be
supported by pipe hangers or installed in a section of pipe with minimal
mechanical stress.

Orientation: Vortex meters can be installed horizontally, vertically, or at an angle.
However, for liquid applications, the pipe must remain completely full. For steam
applications, horizontal installation is preferred to prevent condensate from
pooling around the bluff body.

| Common Risks and Limitations

Despite their versatility, vortex shedding flowmeters are not a universal solution.
Engineers should be aware of the following risks:

1. Pressure Drop: The presence of the bluff body in the flow stream creates a
permanent pressure drop. In systems with very low operating pressure, this drop
must be calculated to ensure it does not negatively impact the process.

2. Cavitation: In liquid applications, if the pressure drops below the vapor pressure
of the liquid as it passes the bluff body, vapor bubbles will form and collapse
(cavitation). This can damage the sensor and the pipe while causing erratic
readings. Maintaining a backpressure of at least twice the pressure drop plus 1.25
times the vapor pressure is a standard safeguard.

3. Low Flow Sensitivity: As mentioned, vortex meters have a "cutoff" point. If the
process frequently operates at very low velocities, a vortex meter may not be the
best choice compared to an ultrasonic or electromagnetic flowmeter.
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| Integration with Industrial Systems

In modern industrial automation, flow data is rarely used in isolation. It is
frequently paired with level measurement data to provide a complete mass
balance of a storage tank or reactor. For example, in a chemical dosing system, a
vortex shedding flowmeter monitors the rate of chemical injection while a radar or
ultrasonic level sensor monitors the remaining volume in the supply tank.

For professionals seeking to optimize their process monitoring, it is essential to
source instruments from manufacturers who understand the interplay between
different measurement technologies. Reliable data starts with choosing the right
tool for the specific medium and environment. To explore a wide range of
industrial measurement solutions, including high-precision sensors for diverse
applications, visit the Main Page for detailed product specifications and
engineering support.

| Frequently Asked Questions (FAQ)

Q: Can vortex shedding flowmeters measure multi-phase flow (e.g., a mix of liquid
and gas)?

A: No. Vortex meters are designed for single-phase fluids. The presence of a
second phase (like large bubbles in a liquid or droplets in a gas) disrupts the vortex
formation and leads to significant measurement errors.

Q: How often do vortex meters need to be recalibrated?

A: Because the shedding frequency is based on the physical geometry of the bluff
body—which does not change over time—vortex meters are extremely stable. In
non-erosive services, they can often go years without requiring recalibration,
though periodic verification of the electronics is recommended.

Q: What is the difference between a standard vortex meter and a multivariable
vortex meter?
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A: A standard vortex meter measures volumetric flow. A multivariable vortex
meter includes an integrated temperature sensor and sometimes a pressure
sensor. This allows the transmitter to calculate mass flow and compensated
volume flow (especially useful for steam and gases) within a single device.

Q: Does the orientation of the bluff body matter?

A: Yes, the bluff body must be perpendicular to the flow. Most manufacturers
factory-align the sensor and bluff body within the flow body, so the user only needs
to ensure the entire unit is correctly aligned with the pipe axis.

By adhering to these engineering principles and selection guidelines, industrial
operators can leverage vortex shedding technology to achieve precise, reliable,
and maintenance-free flow measurement across their most challenging
applications.

Welk Reference Guide 7



