WELK | REFERENCE GUIDE

Mag Meters

A practical guide to mag meters, covering the reader intent, the relationship to
mag meters, key evaluation criteria, common risks, and the information the
intended project audience should confirm before taking the next step.
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Electromagnetic flow meters, commonly referred to as mag meters, represent one
of the most versatile and accurate technologies for measuring the flow of
conductive liquids in industrial processes. As a cornerstone of modern automation,
these instruments provide reliable data for water management, chemical dosing,
and food processing. Unlike mechanical flow meters, mag meters have no moving
parts in the flow stream, which significantly reduces maintenance requirements
and eliminates pressure drops that can impact system efficiency.

For engineers and plant operators, understanding the technical nuances of mag
meters is essential for ensuring long-term performance and accuracy. This guide
explores the fundamental principles, selection criteria, and installation best
practices for these critical industrial instruments.

| Measurement Principle: Faraday’s Law of Induction

The operation of mag meters is based on Faraday’s Law of Electromagnetic
Induction. This physical principle states that a voltage is induced when a conductor
moves through a magnetic field. In the context of a flow meter, the liquid itself acts
as the conductor.

The basic equation governing this measurement is:

E=BxvxD

Where:

E is the induced voltage (the signal generated).

B is the strength of the magnetic field generated by the meter’s coils.
v is the average velocity of the liquid flowing through the pipe.

D is the inner diameter of the pipe (the length of the conductor).
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In a practical application, the mag meter generates a magnetic field across the
cross-section of the flow tube. As the conductive liquid flows through this field, it
generates a voltage proportional to its velocity. This voltage is picked up by
electrodes mounted on the pipe walls and sent to a transmitter. Since the diameter
(D) and the magnetic field strength (B) are constant, the induced voltage (E) is
directly proportional to the flow velocity (v). By multiplying the velocity by the
cross-sectional area of the pipe, the meter calculates the volumetric flow rate.

| Key Components and Construction

A mag meter consists of two primary parts: the flow sensor (installed in the
pipeline) and the transmitter (the electronics that process the signal).

| The Flow Sensor

The sensor body is typically constructed from stainless steel or carbon steel. Inside
the sensor, the flow tube is lined with an insulating material to prevent the induced
voltage from shorting out against the metal pipe. The choice of liner is critical for
chemical compatibility and temperature resistance. Common materials include:

PTFE (Teflon): Excellent for high temperatures (up to 180°C) and aggressive
chemicals.

PFA: Similar to PTFE but with better mechanical stability at high temperatures.

Neoprene/Hard Rubber: Ideal for water and wastewater applications at lower
temperatures (up to 80°C).

Polyurethane: Highly resistant to abrasion, making it suitable for slurries and
mining applications.
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| Electrodes

The electrodes are the sensing elements that contact the fluid. They must be made
of materials that resist corrosion from the process medium. Standard materials
include 316L Stainless Steel, Hastelloy C, Tantalum, and Titanium. For specialized
applications involving highly abrasive or corrosive fluids, non-contacting capacitive
electrodes may be used, though these are less common.

| The Transmitter

The transmitter provides the power to the coils to create the magnetic field and
converts the microvolt sighal from the electrodes into a standard industrial output,
such as 4-20mA, pulse, or digital protocols like Modbus and HART. Transmitters
can be mounted directly on the sensor (integral) or located remotely to protect the
electronics from heat or vibration.

| Selection Criteria for Industrial Applications

Choosing the right mag meter requires a thorough analysis of the process fluid and
the environmental conditions. Because the technology relies on electromagnetic
induction, the fluid must meet a minimum threshold of electrical conductivity,
typically 5 uS/cm (microsiemens per centimeter). This excludes most oils, distilled
water, and gases.

| Fluid Compatibility Table

To assist in the selection process, the following table outlines common liner and
electrode combinations based on the fluid type:
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Fluid Type Recommended Recommended Temperature Limit
Liner Electrode (°C)

Potable Water EPDM / Hard Rubber 316L Stainless Steel 70 - 80
Wastewater / Neoprene / 316L Stainless Steel 60 - 80
Sewage Polyurethane

Strong Acids (HCI, PTFE / PFA Tantalum / Hastelloy 120 - 180
H2504) @

Abrasive Slurries Polyurethane Hastelloy C 60

Food & Beverage PFA (FDA approved) 316L Stainless Steel 130 (SIP/CIP)

| Pipe Size and Flow Range

Mag meters are sized based on flow velocity rather than the existing pipe size. For
optimal accuracy, the velocity should typically fall between 0.5 m/s and 10 m/s. If
the existing pipe is oversized for the required flow rate, reducers may be used to
increase velocity through the meter, provided the resulting pressure drop is
acceptable.

| Installation Considerations and Best Practices

Proper installation is the most significant factor in the long-term accuracy of mag
meters. Even the highest quality instrument will provide erroneous data if installed
incorrectly.

| Straight Pipe Runs

To ensure a stable and uniform velocity profile, mag meters require a minimum
length of straight pipe before and after the sensor. The industry standard is usually
5D upstream (5 times the pipe diameter) and 2D downstream. If there are pumps,
valves, or elbows immediately upstream, these requirements may increase to 10D
or more.
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| Pipe Orientation

Vertical Upward: This is the ideal orientation. It ensures the pipe is always full and
that any air bubbles rise and pass through the meter without interfering with the
electrodes.

Horizontal: This is acceptable, provided the electrodes are positioned horizontally
(at the 3 o'clock and 9 o'clock positions). This prevents sediment from covering the
bottom electrode and air pockets from insulating the top electrode.

Vertical Downward: Generally avoided unless there is sufficient backpressure to
ensure the pipe remains completely full.

| Grounding

Grounding is critical for mag meters because the induced voltage signal is very
small (often in the millivolt range). Any stray electrical noise in the piping system
can interfere with the measurement.

Metal Pipes: The meter should be bonded to the metal flanges of the pipe.

Plastic or Lined Pipes: Grounding rings or grounding electrodes must be used to
provide a reference point for the fluid potential. Without proper grounding, the flow
reading will likely be unstable or drift over time.

| Limitations and Constraints

While mag meters are robust, they are not universal solutions. Engineers must be
aware of their specific limitations:

1. Conductivity: They cannot measure non-conductive fluids like hydrocarbons,
deionized water, or steam.

2. Vacuum Conditions: Some liners, particularly PTFE, can collapse or peel away
from the sensor body under vacuum conditions. If the process involves vacuum, a
PFA liner with a mechanical mesh reinforcement is often required.
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3. Coating and Buildup: If the fluid contains fats, oils, or minerals that can coat the
electrodes, the meter may eventually fail to read. In such cases, meters with
electrode cleaning circuits or ultrasonic cleaning features should be considered.

4. Full Pipe Requirement: Mag meters are designed for full pipe flow. If the pipe is
partially empty, the meter will over-read or provide an error signal.

| Maintenance and Troubleshooting

Because they have no moving parts, mag meters require very little maintenance.
However, periodic verification is recommended to ensure the magnetic coils and
electrodes are functioning correctly.

Zero-Point Check: This involves stopping the flow while keeping the pipe full and
checking if the meter reads zero. If it doesn't, a zero-point adjustment may be
necessary.

Insulation Resistance: Testing the resistance between the electrodes and the
housing can identify if the liner has been breached or if moisture has entered the
terminal box.

Visual Inspection: For meters in abrasive service, periodic inspection of the liner
for wear is essential to prevent damage to the sensor body.

|Frequent|y Asked Questions (FAQs)

Q: Can a mag meter measure the flow of o0il?

A: No. Most oils are non-conductive and do not meet the minimum conductivity
requirement (usually > 5 uS/cm) for electromagnetic induction.

Q: Do mag meters require periodic recalibration?

A: In most stable applications, mag meters do not require frequent recalibration.
However, in regulated industries like water billing or chemical processing, annual
verification or calibration may be mandated.

Q: What happens if there are air bubbles in the liquid?
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A: Air bubbles are non-conductive. If they pass over the electrodes, they cause
noise in the signal. If there is a high volume of air, the meter will measure the

volume of the air-liquid mixture, leading to an inaccurate (high) reading of the

liquid volume.

Q: Can mag meters handle high-pressure applications?

A: Yes, mag meters can be designed for high-pressure environments by using
thicker sensor bodies and appropriate flange ratings (e.g., ANSI 300 or 600). The
limiting factor is often the liner's ability to withstand the pressure and temperature
combination.

| Conclusion

Mag meters are a reliable and accurate choice for a wide range of industrial flow
measurement tasks. By understanding the importance of fluid conductivity,
selecting the appropriate liner and electrode materials, and adhering to strict
installation guidelines regarding straight pipe runs and grounding, users can
achieve high-performance flow monitoring with minimal maintenance. For those
seeking comprehensive industrial measurement solutions, including radar and
ultrasonic technologies, you can visit the Main Page to review product options and
application support. Welk continues to provide advanced instrumentation designed
to meet the rigorous demands of modern industrial automation, ensuring that
every drop is accounted for with precision.
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