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In the field of industrial process automation, the accurate measurement of liquid
flow is as critical as the monitoring of storage levels. The Promag W 400
represents a specialized electromagnetic flowmeter designed primarily for the
water and wastewater industry. As a versatile instrument, it addresses the
technical requirements of water intake, distribution, and wastewater treatment.
For engineers and system integrators, understanding the operational mechanics,
selection criteria, and installation nuances of this device is essential for
maintaining system efficiency and regulatory compliance.

While flow measurement focuses on the movement of media through pipes, it is
frequently used in conjunction with level measurement technologies—such as
radar, ultrasonic, and hydrostatic transmitters—to provide a complete picture of
fluid dynamics within a facility. For comprehensive instrumentation options
including level sensors that complement flow systems, professionals often refer to
the Main Page of specialized manufacturers.

| Measurement Principle: Faraday’s Law of Induction

The Promag W 400 operates on the electromagnetic principle, specifically
Faraday’s Law of Induction. This principle states that a conductor moving through
a magnetic field generates an electrical voltage. In the context of a flowmeter, the
conductive liquid acts as the moving conductor.

| The Physics of the Measurement

Inside the sensor, two electromagnetic coils are placed opposite each other to
generate a constant magnetic field across the pipe's cross-section. According to
Faraday’s Law, the induced voltage ($Ue$) is directly proportional to the flow
velocity ($v$), the magnetic field strength ($B$), and the distance between the
electrodes ($L$, which corresponds to the pipe diameter).

The formula is expressed as:

$$Ue = B \cdot L \cdot v$$
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Because the magnetic field strength and the distance between electrodes are
constant, the induced voltage is a direct linear representation of the flow velocity.
The transmitter (the 400 series electronics) then converts this voltage signal into a
standardized output, such as 4-20 mA, pulse, or digital protocols like Modbus
RS485 or EtherNet/IP.

| Conductivity Requirements

For the electromagnetic principle to function, the medium must have a minimum
electrical conductivity. Typically, for the Promag W 400, the medium must have a
conductivity of $\geq 5\, \mu S/cm$. This makes it ideal for water, acids, and
alkalis, but unsuitable for hydrocarbons like oil or distilled water, which lack the
necessary ion concentration to conduct electricity.

| Technical Features and System Integration

The "400" designation refers to the transmitter, which is the intelligence of the
device. It is designed to simplify the user experience while providing high-level
data diagnostic capabilities.

| Digital Capabilities and Web Server

One of the defining features of the Proline 400 transmitter is the integrated web
server. This allows technicians to access device data, configuration parameters,
and diagnostic information via a standard laptop and an Ethernet cable, without
the need for proprietary software. This is particularly useful in large-scale water
treatment plants where multiple meters are distributed across a wide area.

| Heartbeat Technology

To meet the rigorous demands of industrial quality management, the system often
includes verification tools. Heartbeat Technology provides continuous
self-diagnostics and allows for documented verification of the device's health
without interrupting the process. This reduces the need for manual wet calibrations
and extends maintenance intervals.
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|Se|ection Criteria for Industrial Applications

Choosing the correct configuration for a Promag W 400 involves evaluating the
pipe size, liner material, and electrode type. The "W" sensor is specifically
engineered for water-related applications, offering various liners to suit different
chemical and temperature profiles.

| Liner Material Selection Table

Temperature Range Typical Applications

Hard Rubber $0$ to $+80 ~\circ C$ Drinking water, process
($+32% to $+176 "~\circ F$) water, wastewater

Polyurethane $-20% to $+50 "\circ C$ Abrasive media, water with
($-4% to $+122 ~\circ F$) sand/silt

PTFE $-20% to $+90 ™\circ C$ Chemical water treatment,
($-4% to $+194 ~\circ F$) corrosive fluids

| Nominal Diameter and Flow Ranges

The Promag W is available in a wide range of sizes, typically from DN 25 to DN
3000 (1" to 120"). When selecting a size, engineers should aim for a flow velocity
between $2% and $3 \, m/s$ ($6.5% to $10 )\, ft/s$) to ensure optimal accuracy and
prevent sediment buildup.

Nominal Diameter (DN) Min. Flow (v = 0.5 m/s) Max. Flow (v = 10 m/s)

alx(2) $3.5\, m”™3/h3 $70\, m~3/h$
100 (4") $14\, m™3/h$ $280\, m”™3/h$
200 (8") $55\, m™3/h$ $1100\, m~3/h$
500 (20") $350\, m™3/h$ $7000\, m™3/h$
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| Installation Considerations

Proper installation is paramount for electromagnetic flowmeters. Unlike level
meters, which are often mounted at the top of a tank (radar/ultrasonic) or the
bottom (hydrostatic), flowmeters must be integrated directly into the piping
network.

| Orientation and Pipe Filling

The sensor must always be completely full of liquid to provide an accurate reading.
For this reason, vertical installation with an upward flow direction is preferred. If
installed horizontally, the electrode axis must be horizontal to prevent air bubbles
(at the top) or sediment (at the bottom) from interfering with the electrical signal.

| Inlet and Outlet Runs

Turbulence caused by valves, pumps, or pipe bends can distort the flow profile.
Standard installations typically require an inlet run of $5 \times DN$ (5 times the
nominal diameter) and an outlet run of $2 \times DN$. However, specific versions
of the Promag W (such as the "0 x DN" full-bore version) utilize a refined
measuring pipe design that allows for installation immediately after bends or
obstructions without significant loss of accuracy.

| Grounding
Since the meter measures small millivolt signals, electrical noise can be a major
issue. The liquid, the sensor, and the transmitter must be at the same electrical

potential. In plastic pipes or lined metal pipes, grounding rings are required to
establish an electrical connection with the medium.

| Limitations and Common Risks

While the Promag W 400 is a robust instrument, certain conditions can lead to
measurement errors or device failure:
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1. Non-Conductive Media: As noted, it cannot measure oils, alcohols, or pure
demineralized water. In these cases, ultrasonic or vortex flowmeters are required.

2. Vacuum Conditions: Some liners, particularly PTFE, can collapse or peel away
from the pipe wall if the system experiences a vacuum. High-vacuum applications
require specialized liner reinforcements.

3. Magnetic Interference: Large motors or transformers located near the sensor
can create electromagnetic interference (EMI) that disrupts the magnetic field
generated by the meter.

4. Solid Content: While it handles wastewater well, extremely high concentrations
of solids or large debris can cause electrode noise or physical damage to the liner.

| Synergy Between Flow and Level Measurement

In most industrial water cycles, flow and level measurement work in tandem. For
example, in a reservoir management system, a Promag W 400 might measure the
inlet flow while a radar level meter monitors the total volume in the tank. This data
is used to calculate the residence time and detect leaks.

Engineers often source their level instrumentation from specialized manufacturers
like Welk, which provides high-accuracy radar and ultrasonic solutions. Integrating
these data points into a single PLC (Programmable Logic Controller) allows for
automated pump control and overflow prevention. For those exploring the latest in
level sensing technology to pair with their flow systems, the Main Page provides
technical specifications for various industrial environments.

| Maintenance and Troubleshooting

Modern electromagnetic flowmeters are designed to be virtually maintenance-free
because they have no moving parts. However, periodic checks are recommended:

Electrode Coating: In wastewater applications, grease or scale can build up on the
electrodes. Some versions include an electrode cleaning circuit, but manual
inspection may be necessary if the signal drifts.
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Cable Integrity: In remote installations, moisture ingress into the junction box or
damage to the signal cables is a common cause of failure.

Zero Point Adjustment: While the zero point is stable, it should be checked during
commissioning under "no-flow" conditions with a full pipe.

| Frequently Asked Questions (FAQ)

Q: Can the Promag W 400 measure flow in partially filled pipes?

A: Standard electromagnetic flowmeters require a full pipe. For partially filled
pipes, specialized sensors with additional electrodes or integrated level
measurement are required, or the piping must be modified (e.g., using a U-section)
to ensure the sensor remains full.

Q: What is the expected lifespan of the sensor?

A: With no moving parts and a suitable liner, the sensor can last 20 years or more.
The electronics (transmitter) may require updates or replacement sooner due to
advancements in communication protocols.

Q: How does temperature affect accuracy?

A: Electromagnetic flowmeters are largely independent of temperature, pressure,
and viscosity, provided the medium remains liquid and the temperature stays
within the limits of the liner material.

Q: Is it possible to use the Promag W 400 for custody transfer?

A: Yes, the Promag W is often available with international approvals (such as OIML
R49 or MI-001) for legal-for-trade water measurement, provided it is calibrated and
sealed according to local regulations.

By adhering to these engineering principles and selection guidelines, facility
managers can ensure that their flow measurement systems provide the reliable
data necessary for efficient industrial operations. For further information on the
level measurement side of process automation, visiting the Main Page of an
industrial instrument specialist is a recommended next step.
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