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A practical guide to vortex meters, covering the reader intent, the relationship to
vortex meters, 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, vortex meters have established
themselves as one of the most versatile and reliable tools for measuring the flow
rate of liquids, gases, and steam. Known for their lack of moving parts and high
durability, these instruments utilize the physical principles of fluid dynamics to
provide accurate measurements across a wide range of temperatures and
pressures.

For engineers and facility managers, understanding the operational theory,
selection criteria, and installation nuances of vortex meters is essential for
optimizing process efficiency. While often discussed alongside level measurement
technologies found on the Main Page, vortex meters serve a critical role in mass
balance and inventory control by providing real-time flow data that complements
static level readings.

| Fundamental Principles of Vortex Flow Measurement

The operation of a vortex meter is based on the Von Kédrman effect, a principle of
fluid mechanics named after the Hungarian-American physicist Theodore von
Kérman. This phenomenon occurs when a fluid (liquid or gas) flows past a
non-streamlined object, known as a "bluff body" or "shedder bar."

| The Von Karman Effect

As the fluid strikes the shedder bar, it is unable to follow the sharp contours of the
object. This causes the fluid layers to separate and roll up into alternating vortices
(eddies) on downstream sides of the bar. These vortices are shed in a staggered,
periodic pattern.

The frequency at which these vortices are shed is directly proportional to the
velocity of the fluid moving through the pipe. By measuring this frequency, the
meter can calculate the volumetric flow rate. The mathematical relationship is
expressed through the Strouhal number ($5t$):

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

$f$ is the vortex shedding frequency.

Welk Reference Guide 2



WELK REFERENCE GUIDE Vortex Meters

$5St$ is the Strouhal number (a dimensionless constant for a specific shedder bar
shape).

$V$ is the fluid velocity.
$d$ is the width of the shedder bar.

Because the Strouhal number remains constant over a wide range of Reynolds
numbers, vortex meters provide a highly linear output, making them exceptionally
accurate for turbulent flow regimes.

| Key Components and Construction

A standard vortex meter consists of three primary elements: the meter body, the
shedder bar, and the sensor/transmitter assembly.

1. Meter Body: Usually constructed from stainless steel (e.g., SS316) or high-nickel
alloys like Hastelloy for corrosive environments. It is designhed to match the pipe
diameter, typically ranging from 15 mm (0.5 inches) to 300 mm (12 inches) or
larger in insertion-style models.

2. Shedder Bar: A cross-bar with a specific geometric profile (often triangular or
trapezoidal) fixed across the flow path. It must be robust enough to withstand the
mechanical stress of high-velocity fluids and steam.

3. Sensor: Most modern vortex meters use piezoelectric or capacitive sensors
located behind or within the shedder bar. These sensors detect the minute
pressure fluctuations caused by each passing vortex and convert them into
electrical pulses.

4. Transmitter: The electronics unit that processes the raw pulse signals. It filters
out process noise (such as pipe vibration) and converts the frequency into a
4-20mA signal, HART, Modbus, or Foundation Fieldbus output.
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| Multivariable Vortex Meters and Mass Flow

Standard vortex meters measure volumetric flow. However, in applications
involving steam or gases, volume is highly dependent on temperature and
pressure. To address this, multivariable vortex meters incorporate additional
sensors within a single instrument:

Integrated Temperature Sensor: Typically a PT1000 RTD to monitor fluid
temperature.

Integrated Pressure Sensor: To monitor line pressure.

Flow Computer: An onboard processor that uses the volumetric data, temperature,
and pressure to calculate mass flow in real-time.

This is particularly valuable in saturated steam applications, where the density of
the steam changes with pressure. By using a multivariable meter, operators can
accurately track energy consumption (BTUs or Joules) without needing separate
external sensors and a standalone flow computer.

| Selection Criteria and Technical Specifications

Choosing the correct vortex meter requires a detailed analysis of the process fluid
and the operating environment. The following table provides a general reference
for typical performance capabilities:
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Fluid Types Liquids, Gases, Saturated Steam,
Superheated Steam

Accuracy (Liquid) +0.75% to £1.0% of rate

Accuracy (Gas/Steam) +1.0% to +£1.5% of rate

Repeatability +0.1% to £0.2%

Temperature Range -200°C to +400°C (-328°F to +752°F)

Pressure Rating Up to 100 bar (1450 psi) or higher for custom
builds

Turndown Ratio 10:1 to 30:1 (depending on Reynolds number)

Viscosity Limit Maximum 8 to 10 cP (centipoise)

| Key Considerations for Selection:

Reynolds Number: Vortex meters require turbulent flow to operate accurately.
Generally, the Reynolds humber ($Re$) must be above 10,000. If the flow is too
slow (laminar), vortices will not form consistently.

Material Compatibility: Ensure the meter body and shedder bar materials are
resistant to the chemical properties of the fluid.

End Connections: Options include wafer-style (clamped between flanges), flanged
(ANSI, DIN, or JIS), or threaded for smaller sizes.

| Installation Guidelines for Optimal Performance

Proper installation is the most critical factor in ensuring the long-term accuracy of
a vortex meter. Because the meter relies on a stable flow profile to generate
consistent vortices, the piping configuration must be carefully managed.
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|Straight Pipe Requirements

Vortex meters are sensitive to flow disturbances caused by elbows, valves, and
reducers. To ensure a fully developed flow profile, the following minimum straight
pipe runs are generally recommended:

Upstream of the meter: Minimum 10 to 20 pipe diameters (D).
Downstream of the meter: Minimum 5 pipe diameters (D).

After a T-junction or double elbow: Up to 40D upstream may be required unless a
flow straightener is used.

| Orientation and Piping

Horizontal vs. Vertical: Vortex meters can be installed in horizontal, vertical, or
inclined lines. In vertical lines, the flow should ideally move upward to ensure the
pipe remains full and to prevent the entrapment of air bubbles in liquids.

Liquid Applications: The meter must always be completely filled with liquid. In
horizontal pipes, avoid installing the meter at the highest point where air might
collect.

Steam/Gas Applications: In horizontal steam lines, the sensor should be mounted
to the side (at a 90-degree angle) to prevent condensate from pooling around the
sensor element, which can lead to measurement errors or water hammer damage.

| Vibration Mitigation
While modern digital signal processing (DSP) can filter out most mechanical noise,
excessive pipe vibration can interfere with the piezoelectric sensors. If the

installation site is prone to high vibration, the pipe should be securely braced on
both sides of the meter.
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| Limitations and Application Constraints

While vortex meters are highly versatile, they are not suitable for every
application. Engineers should be aware of the following limitations:

1. Low-End Cutoff: Below a certain velocity, the fluid does not have enough energy
to shed detectable vortices. This is known as the "low-flow cutoff." Unlike magnetic
flow meters, vortex meters cannot measure zero flow or extremely slow velocities.

2. Pressure Drop: The shedder bar acts as a restriction in the pipe, creating a
permanent pressure drop. This must be accounted for in the system's hydraulic
calculations.

3. Viscosity: Highly viscous fluids (above 10 cP) dampen vortex formation. For thick
oils or slurries, other technologies like Coriolis or electromagnetic meters are
preferred.

4. Multi-phase Flow: Vortex meters are designed for single-phase fluids. The
presence of significant gas bubbles in a liquid, or liquid droplets in a gas (wet
steam), will degrade accuracy.

Vortex Meters in the Context of Level and Inventory
Management

In many industrial settings, flow measurement and level measurement are used in
tandem to provide a comprehensive view of inventory. For example, in a chemical
storage tank, a radar level meter provides the primary inventory volume, while a
vortex meter on the discharge line tracks exactly how much product is being sent
to production.

This "mass balance" approach allows operators to detect leaks or process
inefficiencies. If the level in a tank drops faster than the vortex meter's recorded
flow, it indicates a potential leak or an unmetered bypass. For integrated
measurement solutions, including radar and ultrasonic level sensors that work
alongside flow instrumentation, professionals often refer to the Main Page for
technical specifications and compatibility guides.
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| Frequently Asked Questions (FAQ)

Q: Can vortex meters measure bidirectional flow?

A: No. Vortex meters are inherently unidirectional. The shedder bar and sensor are
optimized for flow in one direction. If reverse flow occurs, the meter will either
provide an error or highly inaccurate readings.

Q: Do vortex meters require regular calibration?

A: Because there are no moving parts to wear out, vortex meters are extremely
stable. In many non-corrosive applications, they can operate for years without a
shift in the calibration factor (K-factor). However, annual verification is
recommended for regulated industries or custody transfer applications.

Q: How does steam quality affect vortex measurement?

A: Vortex meters are excellent for saturated and superheated steam. However, if
the steam is "wet" (contains liquid water droplets), the meter will typically
over-read the mass flow because the liquid droplets strike the shedder bar with
more momentum than the vapor.

Q: Is there a minimum pipe size for vortex meters?

A: Generally, inline vortex meters start at 15 mm (0.5 inches). For pipes smaller
than this, the shedder bar becomes too small to produce reliable vortices, and
other technologies like rotameters or ultrasonic meters are usually employed.

| Conclusion

Vortex meters represent a robust, cost-effective, and low-maintenance solution for
modern industrial flow measurement. By leveraging the Von Karman effect, they
provide precise data for liquids, gases, and steam across challenging process
conditions. When paired with proper installation practices and an understanding of
fluid dynamics, they serve as a cornerstone of process automation and energy
management. For those looking to integrate flow data with advanced level
measurement systems, exploring professional-grade instruments is the next step
toward achieving full process transparency.
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