Liquid Level

A practical guide to liquid level, covering the reader intent, the relationship to
liquid level, key evaluation criteria, common risks, and the information the
intended project audience should confirm before taking the next step.
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In industrial process automation, the measurement of liquid level is a fundamental
requirement for ensuring operational safety, inventory accuracy, and process
efficiency. Whether managing water treatment facilities, chemical processing
plants, or oil and gas storage, understanding the height and volume of liquid within
a vessel allows engineers to prevent overflows, protect pumps from dry running,
and maintain precise mass balance.

Modern liquid level measurement has evolved from simple visual checks to
sophisticated electronic sensing. Welk, a professional manufacturer of industrial
level measurement instruments, provides a comprehensive range of technologies
designed to meet these diverse needs. This guide explores the principles behind
various measurement technologies, selection criteria, and practical installation
considerations for industrial environments.

Fundamentals of Liquid Level Measurement
Principles

Before selecting an instrument, it is essential to understand the physical principles
that govern how these devices interact with the liquid level. Measurement
technologies are generally categorized into two types: non-contact and
contact-based.

| Non-Contact Measurement

Non-contact methods rely on the reflection of waves—either electromagnetic or
acoustic—off the surface of the liquid. The sensor measures the "time of flight"
(ToF) of the signal. Because the sensor does not touch the media, these devices
are ideal for corrosive, abrasive, or high-purity liquids where contamination or
sensor degradation must be avoided.

Radar (Microwave): Uses high-frequency electromagnetic waves. Radar is highly
reliable because microwaves are largely unaffected by changes in air temperature,
pressure, or the presence of dust and steam.
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Ultrasonic: Uses sound waves. This is a cost-effective solution for many
water-based applications, though it is sensitive to air temperature fluctuations and
heavy foam on the liquid surface.

| Contact-Based Measurement

Contact-based methods involve a physical interaction between the sensor and the
liguid. These are often preferred for their simplicity or when the liquid surface is
highly turbulent or covered in thick foam.

Hydrostatic Pressure: Based on the principle that the pressure at a specific depth is
proportional to the weight of the liquid column above it. The formula used is $P =
\rho gh$, where $P$ is pressure, $\rho$ is density, $g$ is gravity, and $h$ is the
height of the liquid.

Magnetic Buoyancy: Utilizes a float containing a magnet that moves with the liquid
level. This motion is either displayed visually on a scale or converted into an
electrical signal via a reed switch or magnetostrictive transmitter.

Conductivity/Capacitance: Measures changes in electrical properties as the liquid
level rises and falls along a probe.

For more detailed technical specifications on these technologies, you may review
product options and application support on our Main Page.

| Non-Contact Technologies: Radar and Ultrasonic

| Radar Level Meters

Radar technology is the gold standard for precision in industrial liquid level
monitoring. Welk offers two primary types of radar instruments: Pulse Radar and
Frequency Modulated Continuous Wave (FMCW) Radar.

1. 26GHz Radar: Suitable for general-purpose liquid level tasks. It offers a balance
between cost and performance, working well in tanks with moderate internal
structures.
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2. 80GHz Radar: Represents the latest advancement in level sensing. The higher
frequency results in a narrower beam angle (as low as 3°), which allows the signal
to avoid internal obstructions like agitators or heating coils. It provides accuracy
up to £1 mm and is capable of measuring through thick steam or heavy
condensation.

| Ultrasonic Level Sensors

Ultrasonic sensors are widely used in open channels, sumps, and water storage
tanks. They emit a sound pulse that reflects off the liquid level. The device
calculates the distance based on the speed of sound.

Advantages: Low maintenance, easy to install, and cost-effective.

Limitations: Since sound requires a medium (air) to travel, changes in air density or
temperature affect accuracy. Most high-quality ultrasonic sensors include
integrated temperature compensation to mitigate this risk. However, they are not
suitable for vacuum applications or environments with high levels of acoustic
noise.

Contact-Based Technologies: Hydrostatic and
Magnetic

| Hydrostatic Level Transmitters

Hydrostatic sensors are essentially pressure transducers optimized for liquid level.
They can be mounted at the bottom of a tank (submersible) or connected via a
flange at the tank’s base.

Submersible Transmitters: These consist of a sensor head attached to a vented
cable. The vent tube ensures that the sensor accounts for atmospheric pressure
changes, providing an accurate "gauge pressure" reading of the liquid depth.
These are common in deep wells and reservoirs, with cable lengths extending up
to 200 m (approx. 656 ft).
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Diaphragm Seals: For corrosive or viscous liquids, a diaphragm seal prevents the
media from entering the sensor internals while still transmitting the pressure to the
sensing element.

| Magnetic Level Gauges

Magnetic level gauges are preferred for high-pressure and high-temperature
applications, such as boiler drums or chemical reactors. The liquid is contained
within a bypass chamber, and a magnetic float flips colored flags on an external
scale to provide a clear visual indication of the liquid level without needing a power
source. For automation, a 4-20mA transmitter can be strapped to the chamber to
provide remote monitoring.

Technical Selection Criteria for Industrial
Applications

Selecting the correct instrument requires a systematic evaluation of the process
environment. Engineers should consult the following table to compare the primary
characteristics of each technology:
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Technology Typical G EVEIE] T[] Pressure Temperature| Best Use
Accuracy Limit Limit Case
80GHz +1 mm 120 m 16 MPa -40 to Precision
Radar +250°C chemical/oil
storage
Ultrasonic +0.25% FS 15 m 0.3 MPa -40 to +70°C Water
treatment/Open
sumps
Hydrostatic +0.5% FS 200 m N/A (Depth) -20 to +80°C  Deep
wells/Water
reservoirs
Magnetic =5 mm 6m 16 MPa -40 to High-temp
Gauge +450°C boilers/Acid
tanks
Level Switch +1 mm N/A 4 MPa -40 to Overfill
L1508 C protection/Pump
control

| Key Evaluation Factors:

1. Media Properties: Is the liquid corrosive, viscous, or prone to foaming? Radar is
generally better for foam, while hydrostatic sensors are excellent for clean, stable
liquids.

2. Tank Geometry: Are there internal baffles or agitators? A narrow-beam 80GHz
radar is necessary to avoid false echoes in cluttered tanks.

3. Environmental Conditions: Is there a vacuum? Ultrasonic sensors will not work in
a vacuum. Is there extreme heat? Magnetic gauges or high-temperature radar
antennas are required.

| Practical Installation and Mounting Guidelines

Correct installation is as critical as selecting the right technology. Even the most
accurate sensor will fail if placed incorrectly.
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| Avoiding the "Dead Zone"

Every non-contact sensor has a "dead zone" (also known as the blocking distance)
directly beneath the sensor face where measurement is impossible. For ultrasonic
sensors, this is typically 0.2 m to 0.5 m (8 to 20 inches). Ensure the sensor is
mounted high enough that the maximum liquid level never enters this zone.

| Nozzle Considerations

When mounting a radar or ultrasonic sensor on a nozzle, the nozzle height should
be kept to a minimum. If the nozzle is too long or narrow, the signal may reflect off
the nozzle walls rather than the liquid level. As a rule of thumb, the sensor should
protrude slightly into the tank or the nozzle diameter should be wide enough to
accommodate the beam angle.

| Mounting Position

Wall Interference: Do not mount sensors too close to the tank wall. Reflections
from the wall can interfere with the signal. A distance of at least 200 mm (8 inches)
from the wall is generally recommended.

Inlet Flow: Never mount a level sensor directly above the tank inlet. The
turbulence and falling liquid will cause erratic readings.

Agitators: If an agitator is present, use a radar sensor with "false echo
suppression" software, which allows the device to "learn" and ignore the fixed
reflections from the blades.

| Limitations and Environmental Challenges

While modern instruments are robust, certain conditions present ongoing
challenges for liquid level measurement:
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Heavy Foam: Thick, dense foam can absorb ultrasonic and radar signals, leading to
a loss of signal (echo loss). In these cases, a hydrostatic transmitter or a guided
wave radar (GWR) is more reliable.

Steam and Condensation: While radar can penetrate steam, heavy condensation
on the sensor face can attenuate the signal. Many Welk radar sensors feature a
PTFE or PEEK lens designed to shed droplets and resist buildup.

Variable Density: Hydrostatic sensors rely on constant density. If the liquid density
changes significantly due to temperature shifts or mixing of different chemicals,
the level reading will be inaccurate unless the system is recalibrated for the new
density.

| Maintenance and Troubleshooting

To ensure long-term reliability, a routine maintenance schedule should be
implemented:

1. Visual Inspection: Check for buildup on the sensor face or probe. Even
"non-contact" sensors can accumulate crystallized chemicals or dust over time.

2. Calibration Verification: Periodically compare the electronic reading against a
manual dip-tape measurement to ensure accuracy hasn't drifted.

3. Cable Integrity: For hydrostatic sensors, ensure the vent tube in the cable is not
blocked or kinked, as this will cause atmospheric pressure errors.

| Frequently Asked Questions (FAQ)

Q: Can radar measure liquid level through a plastic tank wall?

A: Yes, certain radar frequencies can penetrate plastic or fiberglass tank tops,
allowing for measurement without cutting a hole in the vessel. This is common in
chemical storage where maintaining tank integrity is vital.

Q: What is the difference between a level transmitter and a level switch?



Liquid Level

A: A level transmitter provides continuous measurement (e.g., 0-100%), while a
level switch provides a point-level signal (On/Off) at a specific height, typically
used for high-level alarms or low-level pump protection.

Q: How do | handle measurement in a tank with a vacuum?

A: Use radar or hydrostatic pressure sensors. Ultrasonic sensors require air or gas
to transmit sound and will not function in a vacuum.

Q: What is the maximum depth for a hydrostatic level sensor?

A: Welk provides hydrostatic sensors capable of measuring up to 200 meters
(approx. 656 feet) of water column, often used in deep-well monitoring and
large-scale reservaoirs.

| Conclusion

Accurate liquid level measurement is a cornerstone of modern industrial
processing. By understanding the specific strengths and limitations of radar,
ultrasonic, hydrostatic, and magnetic technologies, engineers can select the most
cost-effective and reliable solution for their specific application. Proper installation
and consideration of environmental factors like foam, pressure, and tank geometry
are essential for maintaining system performance. For assistance in selecting the
right instrument for your project, visit our Main Page to explore our full range of
professional measurement solutions.



