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key evaluation criteria, common risks, and the information the intended project
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In the landscape of industrial process control, the term "f gauge"—frequently used
as shorthand for float-operated level gauges—represents one of the most
fundamental and reliable methods for monitoring liquid levels within a vessel.
Whether used as a standalone mechanical indicator or integrated into a
sophisticated control loop, these devices provide essential local visualization that
serves as a primary reference for operators and a critical backup for electronic
systems.

Modern industrial facilities rely on Magnetic & Local Level Gauges to ensure
process safety, prevent tank overfills, and maintain inventory accuracy. This guide
explores the engineering principles, selection criteria, and practical application of f
gauge technology in B2B environments such as water treatment, chemical
processing, and oil and gas production.

| Measurement Principles of Float-Operated Gauges

Before selecting an f gauge for a specific application, it is vital to understand the
physics that govern its operation. Most local level gauges in this category operate
on the principle of buoyancy and magnetic coupling.

| Archimedes' Principle and Buoyancy

At the core of any f gauge is a float designed with a specific gravity lower than the
liquid being measured. According to Archimedes' principle, any object, wholly or
partially immersed in a fluid, is buoyed up by a force equal to the weight of the
fluid displaced by the object. In a level gauge, the float is engineered to sit at the
surface of the liquid (the interface), moving vertically as the volume in the tank
changes.

Welk Reference Guide 2



WELK REFERENCE GUIDE F Gauge

| Magnetic Coupling

While traditional mechanical float gauges use cables or pulleys to move a pointer,
modern industrial magnetic level gauges utilize a magnetic coupling system. The
float contains an internal high-strength magnet assembly. As the float moves
within a bypass chamber or a stilling well, its magnetic field penetrates the wall of
the chamber to interact with an external indicator. This indicator typically consists
of a series of bi-color magnetic rollers or flappers (often red and white). As the
float passes, the magnets flip the rollers, providing a clear, high-contrast visual
representation of the liquid level without any direct contact between the process
fluid and the viewing glass.

| Types of Local Level Gauges

While the "f gauge" typically refers to float-based systems, local level indication
encompasses several technologies. Choosing the right one depends on the
pressure, temperature, and chemical nature of the medium.

1. Magnetic Level Gauges: These are the most robust choice for hazardous or
high-pressure fluids. Because the process fluid is entirely contained within a
metallic chamber (usually stainless steel or alloy), there is no risk of glass
breakage or leakage.

2. Reflex Glass Gauges: These use the refractive properties of light. The liquid-filled
area appears dark, while the gas/vapor space appears bright. These are common
in high-pressure steam applications.

3. Transparent Glass Gauges: These feature two plates of glass on opposite sides
of the chamber, allowing operators to see the color, clarity, or interface of the
liquid directly.

4. Tubular Level Gauges: The simplest form of local indication, using a clear tube
connected to the tank. These are generally limited to low-pressure, non-hazardous
applications.
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| Technical Selection Criteria for F Gauges

Selecting an f gauge requires a detailed analysis of the process conditions. Failure
to account for specific gravity or chemical compatibility can lead to float failure or
inaccurate readings.

| Material Compatibility

The wetted parts of the gauge—including the chamber, float, and gaskets—must
be resistant to the process medium.

Stainless Steel (304/316L): Standard for water and general chemical use.

PTFE/PFA Lining: Required for highly corrosive acids such as hydrochloric or
sulfuric acid.

Hastelloy or Monel: Used in extreme environments where standard stainless steel
would suffer from pitting or stress corrosion cracking.

| Specific Gravity (Density)

The float must be custom-weighted for the specific gravity (SG) of the liquid. If the
liquid's SG is 0.8, a float designed for water (SG 1.0) will sink. Conversely, if the
liquid is very dense, the float may sit too high, causing an offset in the reading.
Engineers must provide the minimum operating density at the maximum operating
temperature to ensure the float remains buoyant.

| Pressure and Temperature Ratings

Industrial f gauges must be rated for the maximum allowable working pressure
(MAWP) of the vessel. Standard magnetic gauges can often handle pressures up to
200 bar (approx. 2900 psi) and temperatures ranging from -196°C (cryogenic) to
over 450°C. High-temperature applications require specialized insulation and
high-curie-point magnets to prevent demagnetization.
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| Selection Table: Comparing Local Level Technologies

Magnetic Level Reflex Glass Gauge | Transparent Glass
Gauge (F Gauge) Gauge

Visibility Excellent Good (Dark/Light Fair (Direct view)
(High-contrast contrast)
flappers)
Max Pressure Up to 200+ bar Up to 400 bar Up to 250 bar
Hazardous Fluids Safest (No glass) Moderate risk Moderate risk
Maintenance Low (Self-cleaning High (Glass High (Glass cleaning)
floats available) cleaning/gaskets)
Interface Detection Yes (With specific No Yes (Visual)
float)
Electronic Output Easy to add (Reed Difficult Difficult

switches/4-20mA)

| Installation and Engineering Considerations

Proper installation is critical for the long-term reliability of an f gauge. Engineering
teams should follow these guidelines to avoid common pitfalls:

| Verticality and Alignment

Magnetic level gauges must be installed perfectly vertical. Even a slight tilt can
cause the internal float to rub against the chamber wall, leading to friction that
prevents the float from following the liquid level accurately. Use a plumb line or
spirit level during installation.
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| Bypass Chamber Design

Most f gauges are installed in a side-mounted bypass chamber. This allows the
gauge to be isolated from the main vessel for maintenance without shutting down
the process. Isolation valves (ball or gate valves) should be installed at the top and
bottom process connections. A drain valve at the bottom of the chamber is
essential for flushing out sediment or sludge.

| Magnetic Interference

Because the f gauge relies on magnetic fields, it must be kept away from large
ferrous structures or high-voltage electrical lines that could create electromagnetic
interference. If the gauge is installed near a steel support beam, ensure there is at
least 100mm of clearance to prevent the float's magnet from being pulled toward
the beam.

| Venting and Draining

When commissioning the gauge, the chamber must be vented to allow the liquid to
enter. Trapped air or gas in the upper part of the chamber will result in a false low
reading. Similarly, periodic draining ensures that the chamber remains free of
debris that could pin the float in place.

| Limitations and Risks

While highly reliable, f gauge technology has specific limitations that engineers
must manage:

Viscosity and Coating: Highly viscous liquids (e.g., heavy crude oil or molasses) can
impede float movement. If the liquid tends to coat surfaces, the float may
eventually stick to the chamber wall. In these cases, internal coatings like PTFE or
the use of "oversized" chambers can mitigate the risk.

Welk Reference Guide 6



WELK REFERENCE GUIDE F Gauge

Particulate Matter: Magnetic particles in the process fluid (such as pipe scale or
iron filings) will be attracted to the float's magnet. Over time, this buildup can
increase the float's weight or cause it to jam. Magnetic traps can be installed
upstream to prevent this.

Turbulence: In vessels with heavy agitation or high-velocity filling, the float may
bounce violently, leading to inaccurate readings or mechanical damage. Stilling
wells or internal baffles are recommended in these environments.

| Frequently Asked Questions (FAQ)

Q: Can an f gauge be used for interface measurement between two liquids?

A: Yes. By weighting the float to a specific gravity that is between the densities of
the two liquids (e.g., between oil at 0.8 and water at 1.0), the float will sink through
the top layer and float on the bottom layer, providing a clear indication of the
interface level.

Q: How often should a magnetic level gauge be calibrated?

A: Unlike electronic sensors, the mechanical visual indication of a magnetic f
gauge does not "drift" and technically does not require calibration. However, if a
transmitter (such as a reed chain or magnetostrictive probe) is attached to the
chamber, that component should be verified annually.

Q: What happens if the float is installed upside down?

A: The magnetic poles will likely be misaligned with the external indicator, and the
buoyancy center will be off. Most floats are clearly marked with "TOP" or an arrow
to prevent this error.

Q: Can | use a magnetic level gauge for steam drum applications?

A: Yes, but it must be specifically designed for high-pressure steam. Standard
floats may collapse under the external pressure of a steam drum. Specialized
high-pressure floats and high-temperature indicators are required for these critical
service applications.
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| Conclusion

The f gauge remains a cornerstone of local level indication due to its simplicity and
the inherent safety of its design. By eliminating the need for fragile glass and
providing a clear, high-visibility interface, Magnetic & Local Level Gauges offer a
robust solution for the most demanding B2B industrial applications. When correctly
specified for material compatibility, pressure, and fluid density, these instruments
provide decades of reliable service with minimal maintenance requirements. For
engineers looking to enhance plant safety and operational clarity, the integration
of high-quality local gauges is an essential step in process design.
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