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In industrial process automation, the ability to detect the presence or absence of
flow within a pipeline is critical for equipment protection and process efficiency. An
Endress and Hauser flow switch serves as a reliable point-level indicator for flow
velocity, ensuring that pumps do not run dry, cooling circuits remain active, and
lubrication systems function correctly. While flow measurement often focuses on
continuous volume or mass, flow switching focuses on threshold detection,
providing a binary output (on/off) when a specific flow rate is reached.

Selecting the appropriate flow switch requires a deep understanding of the
underlying measurement principles, the physical properties of the media, and the
specific requirements of the piping architecture. This guide examines the technical
foundations of flow switching technology, specifically focusing on the solutions
offered by Endress and Hauser, and provides a framework for engineering
selection.

| Measurement Principles of Flow Switching

Before selecting a specific model, engineers must evaluate the physics of the
measurement. Endress and Hauser primarily utilize two distinct principles for their
flow switching instruments: thermal dispersion and electromagnetic induction.

| Thermal Dispersion Principle

The thermal dispersion principle, utilized in the Flowphant series, is based on the
physical law that a flowing fluid absorbs heat. The sensor typically consists of two
temperature probes. One probe is heated at a constant power, while the other
measures the ambient temperature of the fluid.

When the fluid is stationary, the temperature difference between the two probes is
at its maximum. As the fluid begins to flow, it carries heat away from the heated
probe, cooling it down. The resulting decrease in temperature difference is directly
proportional to the mass flow velocity of the medium. Because this method
measures mass flow, it is relatively independent of changes in process pressure
and temperature, provided the fluid's thermal properties remain consistent. This
technology is highly effective for both liquids and gases, making it a versatile
choice for cooling water monitoring and pump protection.
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| Electromagnetic Principle

For conductive liquids, the electromagnetic principle offers a robust alternative.
This method relies on Faraday’s Law of Induction, which states that a conductor
moving through a magnetic field induces an electrical voltage. In this application,
the conductive liquid acts as the moving conductor.

Inside the flow switch, coils generate a magnetic field perpendicular to the
direction of flow. As the liquid passes through this field, a voltage is induced and
picked up by electrodes. The magnitude of this voltage is directly proportional to
the flow velocity. The primary advantage of this principle is that it has no moving
parts and creates no pressure drop within the pipe. It is ideally suited for
wastewater, slurries, and chemically aggressive conductive fluids.

| Key Evaluation Criteria for Flow Switch Selection

Choosing an Endress and Hauser flow switch involves more than matching a pipe
size. Engineers must consider several technical parameters to ensure long-term
reliability and accuracy.

| Media Properties and Compatibility

The chemical composition of the fluid determines the material requirements for
the wetted parts. Standard sensors are often constructed from 316L stainless steel,
but highly corrosive environments may require exotic alloys like Hastelloy.
Furthermore, the viscosity of the fluid affects the response time of thermal
switches. High-viscosity fluids may adhere to the sensor tip, creating an insulating
layer that slows the thermal transfer and leads to delayed switching.

| Process Conditions

Temperature Range: Thermal flow switches have specific operating limits, typically
ranging from -20°C to +85°C (-4°F to 185°F) for standard models, though
high-temperature variants exist.
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Pressure Rating: The sensor must withstand the maximum surge pressure of the
system. Common process connections like G 2" or NPT 2" are typically rated up to
100 bar (1450 psi).

Flow Velocity: The switch must be calibrated to the expected flow range. For
example, a thermal switch might have a detection range of 0.03 m/s to 3.0 m/s for
water.

| Output and Integration

Modern flow switches offer various output options, including PNP/NPN transistor
outputs, 4-20 mA analog signals for trend monitoring, and digital protocols like
|O-Link. 10-Link integration is increasingly popular in Industry 4.0 environments, as
it allows for remote parameterization and detailed diagnostic data transmission.

| Technical Comparison Table

Thermal Flow Switch (e.g., Electromagnetic Flow
Flowphant) Switch (e.g., Magphant)

Media Type Liquids and Gases Conductive Liquids (> 20
HS/cm)

Moving Parts None None

Pressure Drop Minimal (Probe intrusion) Zero (Full bore)

Response Time 2-10 seconds (Typical) < 1 second

Cleaning Easy (Smooth probe) Excellent (Obstruction-less)

Inlet/Outlet Runs 5D Upstream / 2D 5D Upstream / 2D
Downstream Downstream
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| Installation Considerations and Best Practices

The accuracy of a flow switch is heavily dependent on its installation environment.
Improper placement is the most common cause of premature failure or false
alarms.

| Piping Geometry

To ensure a stable flow profile, the sensor must be installed in a straight section of
pipe. Turbulence caused by valves, bends, or pumps can result in erratic switching.
A general rule of thumb is to allow for a straight inlet run of at least five times the
pipe diameter (5D) and an outlet run of two times the pipe diameter (2D). If the
sensor is placed too close to a pump outlet, the high turbulence may cause the
thermal sensor to fluctuate rapidly.

| Sensor Orientation

In horizontal pipes, the flow switch should ideally be installed from the side.
Mounting from the top risks interference from air bubbles or gas pockets trapped
at the top of the pipe, which can cause the sensor to report a "no flow" condition
falsely. Mounting from the bottom is discouraged in systems where sediment or
solids may settle, as buildup on the sensor tip will insulate it and degrade
performance.

In vertical pipes, the flow direction should always be upward. This ensures that the
pipe remains completely full (flooded) even at low flow rates, which is essential for
accurate measurement.

| Common Risks and Limitations

While Endress and Hauser flow switches are engineered for durability, certain
conditions can compromise their function:
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1. Scale and Biofilm Buildup: In water treatment or cooling applications, calcium
carbonate scale or biological growth can coat the sensor. For thermal switches,
this layer acts as an insulator, significantly increasing response time and
potentially preventing the switch from detecting flow changes.

2. Air Entrainment: Large air bubbles passing a thermal sensor can cause rapid
temperature spikes, leading to "chatter" in the relay output. In such cases, a
damping factor or delay timer should be programmed into the switch logic.

3. Conductivity Limits: For electromagnetic switches, if the fluid's conductivity
drops below the threshold (typically 20 pS/cm), the induced voltage becomes too
weak to measure, leading to signal loss.

| Integrated Process Monitoring

In many industrial setups, flow switching is only one part of a comprehensive
monitoring strategy. For instance, in a large storage tank system, a flow switch
might monitor the intake line to confirm that a transfer pump is successfully
moving fluid, while level measurement instruments monitor the volume within the
tank.

Reliable process control often requires high-quality instrumentation across multiple
parameters. For engineers looking to complement their flow monitoring with
advanced level detection, reviewing specialized equipment is essential. You can
Review product options and application support to find a wide range of radar,
ultrasonic, and hydrostatic level transmitters that integrate seamlessly with
standard industrial control systems.

| Frequently Asked Questions (FAQ)

| Can a thermal flow switch be used for oil and water?

Yes, but the switch must be recalibrated for each medium. Because oil has
different thermal conductivity and heat capacity than water, the temperature
differential produced at a specific flow velocity will differ significantly between the
two fluids.
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| What is the advantage of 10-Link in flow switches?

|O-Link allows the flow switch to transmit more than just a binary on/off signal. It
can provide the actual process temperature, the relative flow velocity as a
percentage, and diagnostic alerts regarding sensor health or internal electronics
failure.

| Do these switches require regular calibration?

While the solid-state nature of thermal and electromagnetic switches means they
do not "drift" like mechanical paddles, it is best practice to verify the switching
point annually, especially in safety-critical applications like pump dry-run
protection.

| Pre-Purchase Project Checklist

Before finalizing the specification for an Endress and Hauser flow switch, project
managers should confirm the following:

Medium conductivity: Is the liquid conductive enough for an electromagnetic
switch, or is a thermal switch required?

Pipe Material: If using an electromagnetic switch, is the pipe non-conductive or
properly grounded?

Power Supply: Does the installation site provide 24V DC, or is an AC supply
required?

Hazardous Areas: Does the installation require ATEX, IECEX, or CSA
explosion-proof certifications?

Maintenance Access: Is the sensor located in a position where it can be removed
for cleaning without shutting down the entire process line (e.g., via a bypass or
isolation valve)?
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By addressing these technical requirements and understanding the fundamental
principles of thermal and electromagnetic sensing, engineers can ensure that their
flow switching solution provides reliable, long-term protection for their industrial
assets.
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