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Flow Meters & Controllers

A practical guide to flow meters & controllers, covering the reader intent, the
relationship to flow meters & controllers, 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 realm of industrial automation and process control, the precise
measurement and regulation of fluid movement are as critical as monitoring tank
volumes. While level measurement provides data on the quantity of material in
storage, flow meters & controllers provide real-time data on the rate of transfer
and the ability to modulate that movement. For engineers and plant managers,
understanding the synergy between these two variables is essential for optimizing
production efficiency, ensuring safety, and maintaining rigorous quality standards.
At Welk, we recognize that comprehensive process control often requires a holistic
approach to instrumentation, integrating reliable level sensing with advanced flow
management.

| Understanding Flow Measurement Principles

Before selecting a device, it is imperative to understand the physical principles
that govern different flow measurement technologies. Unlike level measurement,
which often relies on time-of-flight or hydrostatic pressure, flow measurement can
be categorized into several distinct methodologies based on the fluid's properties
and the application requirements.

|EIectromagnetic Flow Meters (Mag Meters)

Electromagnetic meters operate based on Faraday’s Law of Induction. When a
conductive liquid flows through a magnetic field generated by the meter, it creates
a voltage proportional to the velocity of the liquid. This technology is highly
effective for water, wastewater, and corrosive chemicals, provided the medium
has a minimum conductivity (typically >5 uS/cm). Because there are no moving
parts or obstructions in the flow path, pressure drop is negligible.

| Ultrasonic Flow Meters

Ultrasonic technology utilizes sound waves to determine velocity. There are two
primary types:

1. Transit-Time: These meters send ultrasonic pulses diagonally across the pipe.
The difference in time between the pulse traveling with the flow versus against the
flow is used to calculate velocity. This is ideal for clean liquids.

Welk Reference Guide 2



WELK REFERENCE GUIDE Flow Meters & Controllers

2. Doppler: These rely on sound waves reflecting off particles or bubbles in the
fluid. As the fluid moves, the frequency of the reflected wave shifts (the Doppler
effect). This is preferred for slurries or aerated liquids.

| Vortex Flow Meters

Vortex meters utilize the Karman Vortex Street principle. As fluid flows past a bluff
body (a non-streamlined object) placed in the stream, vortices are shed alternately
on each side. The frequency of this shedding is directly proportional to the flow
velocity. These are robust instruments capable of handling high temperatures and
pressures, making them suitable for steam and gas applications.

| Thermal Mass Flow Meters

Primarily used for gases, thermal mass meters measure the heat dissipation from
a heated sensor to the flowing medium. The rate of heat loss is proportional to the
mass flow rate. This technology is valued because it provides a direct mass flow
reading without requiring additional pressure or temperature compensation.

| Coriolis Flow Meters

Coriolis meters are the gold standard for accuracy. They measure mass flow by
detecting the Coriolis force generated as fluid moves through vibrating tubes.
Because they measure mass directly, they are unaffected by changes in fluid
density, viscosity, or temperature. They are widely used in chemical processing
and custody transfer.

| Types of Flow Controllers and Their Functionality

While a flow meter senses the rate of movement, flow meters & controllers involve
an integrated system that includes a sensing element, a control electronics
package, and a physical valve or pump interface to regulate the flow to a specific
setpoint.
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| Mass Flow Controllers (MFCs)

In gas-sensitive industries like semiconductor manufacturing or laboratory
research, MFCs are indispensable. An MFC consists of a thermal mass flow sensor,
a proportional control valve, and a closed-loop PID
(Proportional-Integral-Derivative) controller. The user inputs a desired flow rate,
and the controller automatically adjusts the valve position to maintain that rate
regardless of fluctuations in upstream pressure.

| Liquid Flow Controllers

For liquid applications, controllers often interface with external variable frequency
drives (VFDs) or control valves. In dosing applications, a flow meter provides
feedback to a PLC (Programmable Logic Controller), which then modulates a pump
to ensure the correct volume of chemical is injected into a process line. This
integration is vital for maintaining the chemical balance in water treatment or
industrial cooling systems.

| Engineering Selection Criteria

Selecting the appropriate flow meter or controller requires a detailed analysis of
the process environment. Engineers should evaluate the following factors before
making a procurement decision:

1. Fluid Characteristics: Is the medium a liquid, gas, or steam? Is it conductive,
corrosive, or abrasive? For example, a magnetic flow meter is excellent for acids
but useless for deionized water or hydrocarbons.

2. Flow Range and Turndown Ratio: The turndown ratio defines the range over
which the meter can measure accurately (e.g., 10:1 or 100:1). If your process has
high variability, a high turndown ratio is necessary.

3. Accuracy and Repeatability: Determine the required precision. Custody transfer
requires high accuracy (Coriolis), while general process monitoring might only
require £2% accuracy (Vortex or Ultrasonic).

Welk Reference Guide 4



WELK REFERENCE GUIDE

Flow Meters & Controllers

4. Pipe Size and Material: Ensure the meter's flange or thread type matches
existing infrastructure. Most industrial meters range from 15 mm (0.5 inches) to

over 2000 mm (80 inches).

5. Operating Conditions: Confirm the maximum pressure and temperature.
High-pressure steam requires specialized vortex or differential pressure meters.

To explore comprehensive instrumentation solutions including radar, ultrasonic,
and hydrostatic sensors that complement flow systems, visit our Main Page.

| Comparison Table of Flow Technologies

Technology

Fluid Type

Accuracy

(Typical)

Pressure

Drop

Key
Advantage

Electromagnetic Conductive

Ultrasonic

Vortex

Thermal

Mass

Coriolis

Differential
Pressure

Liquids

Clean/Dirty
Liquids

Liquid, Gas,
Steam

Gases

Liquids,
High-Density
Gas

Liquid, Gas,
Steam
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+0.5%

+1.0%

+1.0%

+1.0%

+0.1%

+1.0% to
2.0%

None

None

Medium

Low

High

High

No

No

No

No

No

No

No
obstructions,
low
maintenance

Non-invasive
(clamp-on)

options

High

temperature/pressure

capability

Direct mass
flow for
gases

Highest
accuracy,
measures
density

Well-understood,
versatile
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| Installation Best Practices and Considerations

The performance of flow meters & controllers is heavily dependent on proper
installation. Even the most expensive meter will provide inaccurate data if the flow
profile is disturbed.

Straight Pipe Runs: Most meters require a specific length of straight pipe upstream
and downstream to eliminate turbulence. A common rule of thumb is 10D (ten
times the pipe diameter) upstream and 5D downstream. If elbows, valves, or
pumps are close to the meter, these requirements may increase.

Orientation: Some meters must be installed horizontally to ensure the pipe is
always full, while others can be vertical. For liquid applications in vertical pipes,
the flow should always be upward to prevent air pockets.

Grounding: For electromagnetic meters, proper grounding is essential to prevent
electrical noise from interfering with the low-voltage signal generated by the fluid.

Avoid Cavitation: Ensure the downstream pressure is high enough to prevent the
fluid from vaporizing (cavitation), which can damage the meter and cause
significant measurement errors.

| Limitations and Potential Risks

Every flow technology has boundaries that, if crossed, lead to failure or inaccuracy.

Buildup and Scaling: In wastewater or chemical applications, material can build up
on the internal walls of the meter or on the electrodes. This changes the effective
diameter of the pipe or insulates the sensors, leading to drift.

Signal Interference: Ultrasonic and electromagnetic meters can be sensitive to EMI
(Electromagnetic Interference) from nearby high-power motors or VFDs. Shielded
cabling and proper separation are required.

Minimum Flow Requirements: Most meters have a "low-flow cutoff." Below a
certain velocity, the signal-to-noise ratio becomes too low to provide a reliable
reading. If your process operates at very low velocities, specialized low-flow
meters are necessary.
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Gas Entrainment: In liquid flow measurement, the presence of gas bubbles can
cause significant errors in transit-time ultrasonic and electromagnetic meters.

Similarly, liquid droplets in a gas stream (wet gas) can skew thermal mass and
vortex readings.

| Frequently Asked Questions (FAQ)

Q: Can | use a level meter to calculate flow?

A: Yes, in open-channel applications (like flumes or weirs), an ultrasonic or radar
level meter can measure the head height of the water. This height is then
converted into a flow rate using standard hydraulic formulas. However, for
closed-pipe applications, a dedicated flow meter is required.

Q: How often should flow meters & controllers be calibrated?

A: Calibration frequency depends on the criticality of the process and the stability
of the technology. For custody transfer, annual or semi-annual calibration is
standard. For general process monitoring, a check every 2-3 years may suffice,
provided there is no evidence of drift.

Q: What is the difference between volumetric flow and mass flow?

A: Volumetric flow measures the space the fluid occupies (e.qg., liters per minute),
which changes with temperature and pressure. Mass flow measures the actual
amount of matter (e.g., kilograms per minute). Mass flow is generally more
accurate for gases and high-precision chemical blending.

Q: Do clamp-on ultrasonic meters work on all pipe materials?

A: They work on most metal and plastic pipes. However, they struggle with pipes
that have internal liners (like concrete-lined iron) if there is an air gap between the
liner and the pipe wall, as the ultrasonic signal cannot pass through air effectively.

By carefully considering the measurement principles and the specific needs of your
facility, you can integrate flow meters & controllers that provide the reliability and
precision necessary for modern industrial operations. For more information on
integrating these systems with level measurement technology, consult our
technical resources on the Main Page.
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