WELK | REFERENCE GUIDE

Magnetic Level Gauges

A practical guide to magnetic level gauges, covering the reader intent, the
relationship to magnetic level gauges, key evaluation criteria, common risks, and
the information the intended project audience should confirm before taking the
next step.
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Magnetic level gauges (MLGs) have become a standard instrument for liquid level
measurement in industrial processes where safety, clarity, and reliability are
paramount. Unlike traditional glass sight gauges, which are susceptible to
breakage and leaking, magnetic level gauges provide a robust, seal-free solution
that isolates the process fluid from the viewing area. This article provides a
comprehensive technical overview of magnetic level gauges, their operating
principles, selection criteria, and practical installation guidance for engineering
professionals.

| Measurement Principles of Magnetic Level Gauges

The operation of a magnetic level gauge is based on two fundamental physical
principles: buoyancy (Archimedes' Principle) and magnetism.

| The Buoyancy Principle

An MLG consists of a vertical chamber, usually a non-magnetic pipe, connected to
the side of a vessel. As the liquid level in the vessel rises or falls, the liquid level
within the chamber follows suit. Inside this chamber is a float specifically
engineered to have a density lower than that of the process liquid, ensuring it
remains partially submerged at the fluid surface. The float moves vertically in
direct response to level changes.

| Magnetic Coupling

Inside the float is a high-intensity permanent magnet assembly. Outside the
chamber, an indicator rail is mounted. This rail contains a series of magnetic flags
or rollers, typically colored differently on each side (e.g., red and white). As the
float moves up and down the chamber, its internal magnetic field acts through the
non-magnetic chamber wall to flip the flags or rollers.
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When the float passes a flag, the magnetic force causes the flag to rotate 180
degrees, changing its visible color. This provides a continuous, high-contrast visual
representation of the liquid level without any physical contact between the process
fluid and the indicator. Because the coupling is purely magnetic, there is no need
for glass windows or seals that could fail under high pressure or corrosive
conditions.

| Key Components and Construction

To ensure reliable performance in industrial environments, magnetic level gauges
are constructed from high-quality materials tailored to the specific application. For
more information on the various configurations available for these instruments,
you may visit the Main Page of our technical resource center.

| The Chamber

The chamber is the pressure-retaining component of the gauge. It must be made
from a non-magnetic material so that the magnetic field from the float can pass
through to the indicator. Common materials include 304 or 316L Stainless Steel,
though specialized alloys like Hastelloy, Monel, or plastics like PVC and PVDF are
used for highly corrosive media. Standard chamber diameters usually range from
50 mm to 75 mm (2 to 3 inches).

| The Float

The float is the most critical component. It must be designed to withstand the
process pressure without collapsing while remaining light enough to float on the
specific gravity (SG) of the liquid. Floats are often custom-weighted for the exact
SG of the medium. For high-pressure applications, floats may be pressurized with
inert gas to balance external pressure.
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| The Indicator Rail

Indicators are housed in a separate, non-pressurized enclosure, often made of
aluminum or stainless steel with a transparent cover (glass or polycarbonate). The
flags are typically made of ceramic or plastic to withstand high temperatures.
Some indicators include a graduated scale in millimeters (mm), centimeters (cm),
or percentage to provide precise readings.

| Optional Transmitters and Switches

While MLGs are primarily visual devices, they can be equipped with accessories for
remote monitoring:

Reed Switches: Mounted to the outside of the chamber, these are triggered by the
float's magnet to provide high or low-level alarms.

Magnetostrictive Transmitters: These provide a continuous 4-20mA or digital
(HART/Modbus) signal by sensing the exact position of the float magnet along the
chamber.

| Selection Criteria for Industrial Applications

Selecting the correct magnetic level gauge requires a detailed understanding of
the process conditions. Engineers must evaluate several factors to ensure the
instrument operates accurately and safely.

|Process Fluid Density (Specific Gravity)

The float must be lighter than the liquid it measures. If the liquid density is too low
(e.qg., below 0.45 SG), designing a float that is both buoyant and pressure-resistant
becomes challenging. It is essential to provide the minimum and maximum
operating densities, especially in applications involving liquefied gases or
hydrocarbons where density fluctuates with temperature.
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| Pressure and Temperature

Standard magnetic level gauges can handle pressures from vacuum up to 200 bar
(approx. 2900 psi) and temperatures from -196°C to over 400°C. High-temperature
applications require specific magnetic materials (like Alnico) because standard
magnets lose their magnetism (Curie point) at elevated temperatures.

| Material Compatibility

The chamber, float, and gaskets must be compatible with the process medium. For
example, in sulfuric acid applications, a PTFE-lined chamber or a specialized plastic
gauge may be required.

| Selection Table: Common Configurations

Application Chamber Float Material Max Pressure Temperature
Type Material (Typical) Range

Water 304/316 316L Stainless 16-40 bar -20°C to 150°C

Treatment Stainless

Chemical PVC / PVDF / Titanium / 6-10 bar -10°C to 100°C

(Corrosive) PTFE Plastic

Oil & Gas (High 316Ti / Alloy Titanium 100-320 bar -50°C to 400°C

Pressure) 625

Cryogenic 316L Stainless Stainless / 25 bar -196°C to 40°C
Titanium

| Installation Considerations and Best Practices

Proper installation is vital for the longevity and accuracy of magnetic level gauges.
Because these are mechanical-magnetic devices, they are sensitive to orientation
and environmental interference.
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1. Vertical Alignment: The chamber must be installed perfectly vertical. Even a
slight tilt can cause the float to rub against the chamber wall, leading to friction,
wear, and eventual sticking.

2. Magnetic Interference: MLGs should be kept away from large motors,
high-voltage cables, or structural steel that could interfere with the magnetic
coupling. A minimum clearance of 100 mm (4 inches) from ferrous structures is
generally recommended.

3. Venting and Draining: Every MLG should be installed with a vent valve at the top
and a drain valve at the bottom. This allows for safe commissioning,
decommissioning, and cleaning of the chamber without removing the entire unit
from the vessel.

4. Isolation Valves: It is standard practice to install isolation valves between the
vessel and the gauge. This allows the gauge to be serviced while the vessel
remains in operation.

5. Insulation: In high-temperature or cryogenic applications, the chamber may
need to be insulated. However, the indicator rail should remain outside the
insulation or be specifically designed to withstand the heat/cold transfer.

| Limitations and Operational Constraints

While magnetic level gauges are highly versatile, they are not suitable for every
application. Engineers should be aware of the following limitations:

Viscosity: High-viscosity liquids can impede the movement of the float. Generally,
if the viscosity exceeds 500 cP, the risk of the float sticking increases.

Magnetic Particles: If the process fluid contains ferrous particles (e.qg., iron filings or
magnetite), these particles will be attracted to the float's magnet. Over time, this
buildup can jam the float or interfere with the magnetic coupling. Magnetic traps
can be installed in the piping to mitigate this risk.

Coating and Scaling: Fluids that tend to crystallize, scale, or leave heavy deposits
can coat the float and the interior of the chamber. This changes the float's
buoyancy and can eventually prevent movement. Regular flushing via the drain
port is necessary in these environments.
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Float Damage: If the vessel undergoes rapid pressure changes (flashing), the float
can be slammed against the top or bottom of the chamber, potentially damaging
it. Damping springs or buffers are often installed at the chamber ends to prevent
this.

| Maintenance and Troubleshooting

Magnetic level gauges are relatively low-maintenance because they have no
moving parts exposed to the outside environment. However, a routine inspection
schedule should be implemented.

| Visual Inspection

Periodically check the indicator rail for damaged flags or moisture buildup inside
the indicator housing. Ensure that the scale is legible and that the isolation valves
are not leaking.

| Chamber Cleaning

In applications with dirty or sediment-heavy fluids, the chamber should be flushed
periodically. Close the isolation valves, open the vent, and then open the drain to
flush out any accumulated sludge. If the float is removed for cleaning, ensure it is
reinserted with the "Top" marking facing up, as the magnet assembly is
orientation-specific.

| Troubleshooting Common Issues

Indicator not moving: This is usually caused by a stuck float (due to debris or scale)
or a float that has lost its buoyancy (leaking). Check the chamber for magnetic
particles.

Erratic readings: This may indicate the presence of external magnetic interference
or that the liquid is boiling/flashing within the chamber.
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Flipped flags stay flipped: This can happen if the indicator rail has been subjected
to a very strong external magnet or if the flags themselves have become
demagnetized (rare with ceramic flags).

| Frequently Asked Questions (FAQ)

Q: Can magnetic level gauges be used for interface measurement?

A: Yes. By designing a float with a density that falls between the specific gravities
of two immiscible liquids (e.g., oil and water), the float will sink through the upper
liquid and float on the lower liquid, providing a clear interface level reading.

Q: What is the maximum length for a magnetic level gauge?

A: Standard units can reach up to 6 meters (approx. 20 feet). For longer
requirements, chambers are often manufactured in sections and joined with
flanges, though the float must be able to pass through the joints smoothly.

Q: Are MLGs suitable for food and beverage applications?

A: Yes, provided they are built to sanitary standards. This includes using 316L
stainless steel, polished internal surfaces (Ra < 0.8 um), and tri-clamp connections
to allow for Clean-In-Place (CIP) processes.

Q: How do | know if my float has collapsed?

A: If the indicator shows a constant "empty" or "low" level regardless of the actual
liquid level in the vessel, the float may have collapsed or leaked. You can verify
this by closing the isolation valves and draining the chamber; if the float does not
drop or if it feels heavy when removed, it has likely failed.

By understanding these technical parameters and following established
engineering practices, users can leverage magnetic level gauges to improve
process safety and operational efficiency across a wide range of industrial sectors.
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