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In the landscape of industrial process control, the measurement of fluid flow is as
critical as the monitoring of vessel levels. The prowirl f represents a specialized
category of vortex flowmeters designed to provide reliable, multivariable
measurement of liquids, gases, and steam. While level measurement
instruments—such as those found on the Welk Main Page—focus on the volume or
height of media within a container, vortex meters like the prowirl f focus on the
dynamic movement of those media through the piping infrastructure. This article
provides a technical deep-dive into the measurement principles, selection criteria,
and installation requirements for the prowirl f vortex flowmeter.

| Measurement Principles of Vortex Flowmeters

The operation of the prowirl f is based on the Kdrman vortex street principle. When
a fluid flows past a non-streamlined object, known as a "bluff body" or "shedder
bar," it is unable to follow the sharp contours of the object. This results in the
formation of oscillating vortices on alternating sides of the body.

| The Karman Vortex Street

As the fluid velocity increases, these vortices are shed in a predictable, alternating
pattern. The frequency at which these vortices are shed ($f$) is directly
proportional to the flow velocity ($v$) and inversely proportional to the width of
the bluff body ($d$). This relationship is defined by the Strouhal number ($5t$):

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

In a well-designed instrument like the prowirl f, the Strouhal number remains
constant over a very wide range of Reynolds numbers. This constancy allows the
meter to provide a linear output relative to the volume flow rate. To detect these
pressure fluctuations, the prowirl f utilizes a DSC (Differential Switched Capacitor)
sensor, which is designed to be sensitive to the vortices while remaining immune
to mechanical pipe vibrations.
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| Multivariable Capability

Modern iterations of the prowirl f often include integrated temperature sensors
and, in some configurations, pressure transmitters. This allows the device to
calculate not just volume flow, but also mass flow and energy flow (especially in
steam applications) without the need for external compensation computers.

| Technical Specifications and Evaluation Criteria

When evaluating the prowirl f for a specific application, engineers must consider
the physical properties of the medium and the mechanical constraints of the piping
system. The "F" designation specifically refers to the flanged version of the device,
which is preferred in high-pressure or high-safety applications compared to
wafer-style (D-series) meters.

| Practical Selection Table

Specification (Metric) Specification (Imperial)

Nominal Diameter DN 15 to 300 12 tas 2t
Process Temperature -200 to +400 °C -328 to +752 °F
Maximum Pressure Up to 40 bar (Standard) Up to 580 psi
Accuracy (Liquids) +0.75% of rate +0.75% of rate
Accuracy (Gas/Steam) +1.0% of rate +1.0% of rate
Repeatability *+0.2% of rate *+0.2% of rate
Materials 1.4404 (316L), Alloy C22 316L SS, Alloy C22
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| Reynolds Number Requirements

The accuracy of a vortex meter is dependent on the flow being sufficiently
turbulent. For the prowirl f, the linear measurement range typically begins at a
Reynolds humber (Re) of 10,000 to 20,000. Below these values, the shedding
frequency becomes non-linear, and the meter's error increases significantly. In
applications with high-viscosity liquids, the Reynolds number may be too low for
effective vortex measurement, necessitating a transition to different technologies
like Coriolis or electromagnetic flowmeters.

|App|ications in Process Industries

The prowirl f is widely regarded as the "industry standard" for steam
measurement, but its utility extends across various sectors where level and flow
data must be synchronized for efficient operation.

| Steam and Energy Management

In boiler houses, measuring the flow of saturated or superheated steam is
essential for calculating energy efficiency. The prowirl f can detect "wet steam"
conditions (the presence of liquid water in steam lines), which can cause water
hammer and damage downstream equipment. By integrating flow data with level
data from boiler drum transmitters, operators can maintain a precise mass
balance.

| Industrial Gases

For compressed air, nitrogen, and carbon dioxide, the prowirl f provides a robust
solution that is not affected by changes in gas composition (unlike thermal mass
meters). It is frequently used in chemical plants to monitor the consumption of
inert gases used for tank blanketing.
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| Integration with Level Systems

While the prowirl f monitors the "outflow" or "inflow," level measurement
instruments from Welk provide the "inventory" status. For example, in a chemical
reactor, a radar level meter monitors the liquid surface while a prowirl f monitors
the feed rate. This redundancy is critical for safety instrumented systems (SIS).
Engineers can explore various level-sensing technologies to pair with their flow
systems by visiting the Main Page.

| Installation Considerations and Best Practices

The performance of a vortex meter is highly sensitive to the flow profile. Distorted
flow profiles caused by elbows, valves, or pumps can lead to significant
measurement errors.

1. Straight Pipe Runs: To ensure a fully developed turbulent flow profile, the prowirl
f typically requires a minimum of 20xDN (nominal diameters) of straight pipe
upstream and 5xDN downstream. If a control valve is located upstream, the
requirement may increase to 40xDN.

2. Piping Alignment: The meter must be centered perfectly within the pipe. Any
protrusion of the gasket into the flow stream will create parasitic vortices that
interfere with the DSC sensor.

3. Orientation:

Liquids: The pipe must always be full. Vertical upward flow is ideal to prevent air
pockets.

Gases/Steam: Horizontal installation is standard. In steam lines, the sensor should
be mounted to the side or bottom (if the steam is superheated) to prevent the
electronics from overheating, though modern designs allow for top mounting with
adequate heat dissipation.

4. Insulation: In high-temperature applications, the pipe should be insulated up to
the mounting bracket of the transmitter, but the transmitter housing itself must
remain exposed to ambient air for cooling.
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| Limitations and Common Risks

Despite its versatility, the prowirl f has specific limitations that must be addressed
during the engineering phase:

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

Minimum Flow Rate: Vortex meters cannot measure down to zero flow. There is a
"low-flow cut-off" below which the fluid velocity is insufficient to generate
detectable vortices.

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

Vibration: While the DSC sensor is desighed to cancel out common-mode
vibrations, extreme pipe vibration (e.g., near large reciprocating compressors) can
still introduce noise into the signal.

|Frequent|y Asked Questions (FAQs)

Q: Can the prowirl f measure bi-directional flow?

No. Vortex flowmeters are inherently uni-directional. The bluff body is designed to
shed vortices in one direction, and the sensor is positioned accordingly. If
bi-directional flow measurement is required, two meters or a different technology
(like ultrasonic or magnetic) must be used.

Q: How often does the prowirl f require calibration?

Because the bluff body is a solid component with no moving parts, the "K-factor"
(the relationship between pulses and volume) is extremely stable. In non-corrosive
services, the meter can often go 5 to 10 years without requiring recalibration,
though annual electronic verification is recommended.

Q: What is the difference between the Prowirl F 200 and older models?
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The 200 series features 2-wire technology, making it easier to integrate into
existing 4-20 mA loops. It also includes "Heartbeat Technology," which provides
continuous self-diagnostics and verification without interrupting the process.

Q: Is the prowirl f suitable for hygienic applications in food and beverage?

Generally, no. The bluff body creates a "dead zone" where bacteria can grow, and
it cannot be easily cleaned in place (CIP) to the standards required for direct food
contact. For these applications, electromagnetic or hygienic ultrasonic meters are
preferred.

| Conclusion

The prowirl f is a robust, high-precision instrument for demanding industrial flow
applications. Its ability to handle extreme temperatures and pressures makes it a
staple in steam and gas utility management. However, successful implementation
requires strict adherence to installation geometry and an understanding of the
Reynolds number constraints. When combined with reliable level measurement
solutions—such as the radar and ultrasonic sensors available via the Main
Page—the prowirl f enables a comprehensive and accurate view of process
dynamics, ensuring both safety and efficiency in modern industrial plants.
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