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flowmag, 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, the precise measurement of fluid
movement is as critical as the monitoring of storage volumes. Electromagnetic
flow measurement, often referred to in the industry through terms like flowmag or
magmeter, represents a cornerstone technology for handling conductive liquids.
While level measurement technologies—such as radar, ultrasonic, and hydrostatic
transmitters—provide data on the quantity of medium within a vessel, flowmag
systems provide the dynamic data necessary for mass balance, dosing accuracy,
and overall system efficiency.

For engineers and plant managers, understanding the synergy between flow and
level instrumentation is essential. This guide examines the technical principles of
electromagnetic flowmeters, their selection criteria, and how they integrate into
broader industrial automation frameworks alongside the level measurement
solutions provided by manufacturers like Welk.

| The Principle of Electromagnetic Flow Measurement

The operation of a flowmag meter is based on Faraday’s Law of Electromagnetic
Induction. This physical principle states that a voltage is induced when a
conductive medium moves through a magnetic field. In the context of an industrial
flowmeter, the pipe acts as the conduit, and the meter body houses the coils that
generate the magnetic field.

| The Faraday Equation

The relationship can be expressed mathematically as:
E=k-B-v¥-D

E: The induced voltage (signal).

k: A constant specific to the instrument design.

B: The strength of the magnetic field generated by the internal coils.
v: The average velocity of the fluid moving through the pipe.

D: The internal diameter of the pipe (the distance between the electrodes).
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Because the magnetic field (B) and the pipe diameter (D) are fixed, the induced
voltage (E) is directly proportional to the flow velocity (v). By measuring this
voltage via electrodes located on opposite sides of the pipe wall, the transmitter
can calculate the volumetric flow rate with high precision. This method is
particularly advantageous because it is independent of fluid density, viscosity, and
pressure, provided the fluid meets a minimum threshold of electrical conductivity.

| Key Components and Material Selection

Selecting a flowmag system requires careful consideration of the wetted materials
to ensure long-term reliability in harsh environments. Unlike mechanical meters,
electromagnetic meters have no moving parts in the flow stream, which
significantly reduces maintenance requirements and pressure drop.

| Liner Materials

The liner protects the meter body from the process fluid and ensures that the
induced voltage is not shorted out by a metallic pipe. Common materials include:

PTFE (Polytetrafluoroethylene): Ideal for highly corrosive chemicals and
high-temperature applications. It offers excellent non-stick properties.

Hard/Soft Rubber: Frequently used in water treatment and wastewater
applications. Rubber liners are cost-effective and provide good abrasion resistance
for slurries.

PFA (Perfluoroalkoxy): Similar to PTFE but with better mechanical stability at higher
temperatures, often used in food and beverage or pharmaceutical processes.

| Electrode Materials

The electrodes are the sensing elements that pick up the induced voltage. They
must be compatible with the chemical properties of the fluid:

Stainless Steel (316L): The standard for water and mildly corrosive liquids.
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Hastelloy C: Required for more aggressive chemical environments where stainless
steel would succumb to pitting or corrosion.

Titanium or Tantalum: Reserved for extremely corrosive media, such as
concentrated acids used in chemical processing.

| Selection Criteria for Industrial Applications

When specifying a flowmag for a project, engineers must evaluate several
technical parameters to ensure the device performs within its calibrated accuracy
range (typically £0.5% or better).

| Conductivity Requirements

The most critical limitation of electromagnetic technology is that the fluid must be
electrically conductive. Most industrial flowmag units require a minimum
conductivity of 5 uS/cm (microsiemens per centimeter). This makes them
unsuitable for hydrocarbons, demineralized water, or gases, but ideal for acids,
bases, and water-based slurries.

| Flow Velocity and Pipe Sizing

For optimal accuracy, the flow velocity should typically fall between 0.5 m/s and 10
m/s (approx. 1.6 ft/s to 33 ft/s). If the pipe is oversized for the actual flow rate, the
velocity may be too low for the electrodes to detect a stable signal. In such cases,
a "reduced bore" meter or a pipe reducer may be necessary to increase velocity at
the point of measurement.

| Practical Selection Table

Welk Reference Guide 4



WELK REFERENCE GUIDE Flowmag

Application Electrode Material Typical Accuracy
Liner

Potable Water Hard Rubber / EFDM SS316L +0.5%
Chemical Dosing PTFE / PFA Hastelloy C +0.25%
Mining Slurries Polyurethane Tungsten Carbide +1.0%
Wastewater Soft Rubber SS316L +0.5%

| Installation Considerations and Best Practices

To maintain the accuracy of a flowmag system, the physical installation must
adhere to specific engineering standards. The primary goal is to ensure a stable,
symmetrical flow profile and a completely full pipe.

1. Straight Pipe Runs: To eliminate turbulence caused by valves, pumps, or elbows,
a minimum straight run is required. The standard rule of thumb is "5D Upstream
and 2D Downstream"—meaning the meter should have five pipe diameters of
straight pipe before the inlet and two after the outlet.

2. Full Pipe Requirement: Electromagnetic meters cannot measure accurately if the
pipe is only partially full. In gravity-fed systems, the meter should be installed at a
low point (a "U" section) to ensure the electrodes remain submerged.

3. Grounding: Since the meter measures very small voltages (millivolts), electrical
noise can interfere with the signal. Proper grounding is essential. If the piping is
plastic or lined, grounding rings must be installed to provide a reference contact
with the fluid.

4. Orientation: While meters can be installed horizontally or vertically, vertical
installation with upward flow is preferred. This ensures the pipe remains full and
prevents the buildup of air bubbles at the top of the pipe, which could interfere
with the electrode signal.
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| Integration with Level Measurement Systems

In many industrial settings, flowmag data is used in conjunction with level
measurement to provide a complete picture of process health. For instance, in a
chemical storage facility, a magnetic level gauge or a radar level meter monitors
the inventory within the tank, while a flowmag meter at the outlet monitors the
discharge rate.

This dual-monitoring approach allows for leak detection and pump performance
analysis. If the level in a tank is dropping faster than the flowmag is reporting
discharge, it may indicate a leak or a calibration error in one of the instruments.
For comprehensive instrumentation needs, engineers often Review product options
and application support to ensure that both flow and level sensors are compatible
with the control system (PLC/DCS) via standard protocols like 4-20mA HART,
Modbus, or Profibus.

| Synergy in Water Treatment

In wastewater treatment plants, ultrasonic level sensors are frequently used to
measure the level in open channels or wet wells, while flowmag meters handle the
pressurized sludge lines. The data from both types of sensors are fed into a central
controller to manage pump speeds and chemical dosing cycles. Welk’s range of
level switches and hydrostatic transmitters often serve as the high-level alarms or
secondary safety layers in these flow-heavy environments.

| Common Risks and Troubleshooting

Despite their robustness, flowmag meters can encounter issues if the application
environment changes or if maintenance is neglected.

Electrode Coating: In applications involving fats, oils, or minerals, a film can build
up on the electrodes, insulating them from the fluid. This results in a drifting signal
or complete loss of measurement. Some advanced transmitters offer "electrode
cleaning" functions using high-frequency pulses.
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Vacuum Conditions: If a pump is shut off suddenly, a vacuum can form in the line.
If the liner (especially PTFE) is not properly bonded to the meter body, the vacuum
can collapse the liner, destroying the meter.

Air Entrainment: Large air bubbles passing through the meter will cause the flow
reading to spike or drop erratically. Air eliminators should be used if the process is
prone to aeration.

| Frequently Asked Questions (FAQ)

Q: Can a flowmag meter measure the flow of oil or fuel?

A: No. Hydrocarbons like oil, diesel, and gasoline have very low electrical
conductivity. For these fluids, technologies such as Coriolis, turbine, or ultrasonic
(Time-of-Flight) meters are required.

Q: Does the orientation of the meter matter?

A: Yes. While they can work horizontally, you must ensure the electrodes are not
at the very top or bottom of the pipe (where air or sediment might collect). Vertical
installation with upward flow is technically the most reliable orientation.

Q: How often does a flowmag need calibration?

A: In stable water applications, many meters remain accurate for 5-10 years.
However, in critical chemical or billing applications, annual or biennial wet
calibration or electronic verification is recommended.

Q: What is the difference between a flowmag and an ultrasonic flowmeter?

A: Flowmag requires a conductive fluid and is an inline (wetted) technology.
Ultrasonic meters can be "clamp-on" (non-intrusive) and can measure
non-conductive fluids, but they are often more sensitive to pipe wall conditions and
suspended solids.
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| Conclusion

The flowmag remains one of the most versatile and accurate tools in the industrial
measurement toolkit. By eliminating moving parts and providing a clear,
unobstructed flow path, it minimizes pressure loss and maximizes service life.
When integrated with reliable level measurement instruments—such as the radar
and hydrostatic solutions found on the Main Page of professional
manufacturers—these devices form the backbone of modern industrial automation.
Before proceeding with a project, technical teams should confirm fluid
conductivity, liner compatibility, and the required straight-run clearances to ensure
the chosen flowmag solution meets the long-term demands of the application.
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