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In the complex landscape of industrial process control, the accurate measurement
of fluid flow is as critical as the monitoring of tank inventories. Among the various
technologies available for flow measurement, the vortex shedding principle stands
out for its versatility and robustness. The Prowirl series represents a benchmark in
this category, particularly when managing steam, gases, and low-viscosity liquids.
While level measurement instruments—such as those found on our Main
Page—focus on the vertical volume within a vessel, vortex flowmeters like the
Prowirl focus on the kinetic throughput within the piping network. Understanding
the synergy between these two measurement domains is essential for achieving
comprehensive process automation.

| The Principle of Vortex Shedding

The fundamental operation of a vortex flowmeter is based on the Von Karman
vortex street principle. This physical phenomenon occurs when a fluid (liquid or
gas) flows past a non-streamlined object, known as a "bluff body," placed in the
center of the pipe. As the fluid hits the bluff body, it cannot follow the contours of
the object and is forced to separate, creating alternating vortices (swirls) on either
side.

The frequency at which these vortices are shed is directly proportional to the flow

velocity of the medium. The relationship is defined by the Strouhal number ($5t$),

a dimensionless constant specific to the geometry of the bluff body. The formula is
expressed as:

$$f = St \times \frac{v}{d}$$

Where:
- $f$ is the vortex shedding frequency.
- $St$ is the Strouhal number.
- $v$ is the flow velocity.

- $d$ is the width of the bluff body.
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Inside the Prowirl sensor, a capacitive or piezoelectric sensor detects the pressure
fluctuations caused by these vortices. Because the frequency is independent of
fluid density, pressure, or temperature (within the operating limits of the device),
vortex meters provide a highly stable linear output over a wide range of Reynolds
numbers.

| Key Technical Capabilities of Prowirl Systems

Prowirl instruments are engineered to handle the harshest industrial environments,
particularly where high temperatures and pressures are the norm. They are
frequently utilized in steam management systems, where they provide more than
just volumetric flow data.

#### 1. Integrated Temperature and Pressure Compensation

Modern iterations of the Prowirl often include integrated temperature sensors. In
steam applications, this allows the device to calculate mass flow and heat energy
directly. For saturated steam, the temperature is sufficient to determine density;
however, for superheated steam or gases, an external pressure input is typically
integrated via digital protocols (HART, Profibus, or Foundation Fieldbus) to provide
compensated mass flow readings.

#H#H#EH 2. Wet Steam Detection

One of the most significant challenges in steam applications is the presence of
condensate (wet steam). Wet steam reduces the efficiency of heat transfer and
can cause water hammer, damaging downstream equipment. Advanced vortex
meters can monitor the signal quality of the vortices to detect the presence of

moisture, providing an alarm or a "steam quality" metric to the control room.

#### 3. High-Endurance Construction

Unlike turbine meters, the Prowirl has no moving parts. This lack of mechanical
wear makes it suitable for continuous operation in high-velocity steam lines where
other sensors would suffer from bearing failure or blade erosion. The sensor
element is typically isolated from the process medium, allowing for a wide
operating temperature range, often from -200°C to +400°C (-328°F to +752°F).
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|Se|ection Criteria for Industrial Applications

Choosing the correct vortex flowmeter requires a detailed analysis of the process
conditions. Engineers must look beyond pipe size and consider the fluid dynamics
of the specific application.

Selection Parameter Requirement / Consideration

Reynolds Number ($Re$) Generally requires $Re > 10,000% for linear
measurement. Below this, the flow is laminar
or transitional, and accuracy drops.

Fluid State Ideal for steam, compressed air, nitrogen,
and low-viscosity liquids (water, chemicals).
Not suitable for high-viscosity oils.

Velocity Limits Minimum velocity is required to generate
detectable vortices. Maximum velocity is
limited to prevent sensor damage (typically
80 m/s for steam).

Pipe Vibration High-vibration environments can interfere
with the vortex signal. Dual-sensor designs or
digital filtering are necessary in these cases.

Corrosion Resistance The bluff body and sensor must be
compatible with the medium. Common
materials include 316L stainless steel, Alloy
C22, or Tantalum.

Safety Integrity For critical processes, SIL 2 or SIL 3
certification may be required.

| Installation Considerations and Best Practices

The accuracy of a Prowirl meter is heavily dependent on the flow profile of the fluid
as it enters the device. A fully developed, symmetrical flow profile is necessary for
the bluff body to generate consistent vortices.
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1. Straight Pipe Runs: To eliminate turbulence caused by elbows, valves, or pumps,
a specific length of straight pipe is required upstream and downstream of the
meter. Typically, this is 15 to 20 times the nominal diameter (DN) upstream and 5
times DN downstream. If space is limited, flow conditioners (perforated plates) can
be installed.

2. Piping Alignment: The meter must be centered perfectly with the adjacent
piping. Any internal step or gasket protrusion can create parasitic vortices that
distort the measurement.

3. Orientation: For liquid applications, the pipe must always be full. Vertical
installation with upward flow is preferred. For steam or gas, horizontal installation
is common, but the sensor should be mounted to the side or bottom if there is a
risk of condensate accumulation.

4. Insulation: In high-temperature steam lines, the meter body should be insulated
to prevent heat loss, but the electronics housing must remain exposed to ambient
air to prevent overheating of the circuit boards.

| Complementary Technologies: Flow vs. Level

In a comprehensive industrial facility, flow measurement and level measurement
serve complementary roles. While a Prowirl meter monitors the rate of
consumption or production, level transmitters—such as the radar and ultrasonic
sensors detailed on our Main Page—monitor the static or dynamic inventory within
storage tanks and process vessels.

For example, in a boiler feedwater system:

- Level Measurement: A hydrostatic or guided wave radar sensor monitors the
water level in the boiler drum to prevent dry-firing or overfilling.

- Flow Measurement: A Prowirl vortex meter measures the steam output. By
comparing the mass of water entering the boiler (flow) with the mass of steam
leaving (flow) and the change in drum level, engineers can perform a mass
balance to detect leaks or inefficiencies.
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| Limitations and Common Risks

While highly reliable, Prowirl technology is not a universal solution. Engineers must
be aware of the following limitations:

Pressure Loss: The bluff body creates a permanent pressure drop in the line. This
must be accounted for in pump and piping calculations.

Low-Flow Cutoff: At very low velocities, the pressure pulses from the vortices are
too weak to be detected. This results in a "blind spot" at the bottom of the flow
range.

Cavitation: In liquid applications, if the pressure drops below the vapor pressure at
the bluff body, cavitation bubbles will form. This not only destroys the
measurement signal but can also erode the sensor and bluff body over time.

Multi-Phase Flow: Vortex meters struggle with inconsistent mixtures, such as
liquids with high gas content or gases with heavy entrained solids. The signal
becomes "noisy" and unreliable.

| Maintenance and Long-Term Reliability

Because the Prowirl has no moving parts, maintenance requirements are minimal.
However, in applications involving scaling or dirty fluids, the bluff body can
accumulate deposits. This changes the effective width ($d$) of the body, leading to
a shift in the calibration factor. Periodic visual inspection or the use of advanced
diagnostics that monitor the "vortex strength" can help predict when cleaning is
necessary.

Most modern units feature modular electronics, allowing the transmitter to be
replaced without breaking the process seal. This is a significant advantage in
continuous processes where downtime must be minimized.

| Frequently Asked Questions (FAQs)

Q: Can a Prowirl meter measure bidirectional flow?
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No, vortex meters are inherently unidirectional. The bluff body and sensor are
optimized for flow in one direction. Reversing the flow will not produce a usable
signal.

Q: How does Prowirl compare to an Orifice Plate?

Vortex meters generally offer a wider turndown ratio (up to 30:1 compared to 4:1
for orifice plates) and lower permanent pressure loss. They also require less
maintenance because there are no sharp edges to wear down, which would
otherwise degrade the accuracy of an orifice plate.

Q: Is it necessary to recalibrate the meter for different fluids?

Since the shedding frequency is based on geometry and velocity, the meter factor
(K-factor) is generally the same for water, steam, and gas, provided the Reynolds
number is high enough. However, the electronics must be configured with the
correct density or state (liquid/gas) to provide accurate mass or volume flow units.

Q: What is the impact of pipe reducers on Prowirl accuracy?

If the process flow is too low for the nominal pipe size, reducers are often used to
increase velocity at the meter. As long as the required straight pipe runs are
maintained after the reducer, the accuracy remains within specification. Some
Prowirl models are available with integrated reducers to simplify installation.

By integrating high-performance flow measurement like the Prowirl with precise
level instrumentation from our Main Page, industrial operators can achieve a
holistic view of their process, ensuring safety, efficiency, and regulatory
compliance across all fluid handling operations.
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