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Continuous level measurement is a critical process in industrial automation,
providing real-time data on the volume or height of materials within a vessel.
Unlike point level detection, which only indicates whether a substance has reached
a specific threshold, continuous systems monitor the level across the entire range
of the tank or silo. This data is essential for inventory management, process
control, and safety across industries such as water treatment, chemical
processing, and oil and gas production.

Selecting the appropriate technology requires a deep understanding of the
physical principles governing different sensors. As a professional manufacturer,
Welk provides a range of solutions tailored to specific media properties and
environmental conditions. This article explores the primary measurement
principles, selection criteria, and installation best practices for engineering
professionals.

| Core Principles of Continuous Level Measurement

To achieve reliable data, engineers must match the measurement physics to the
application. The most common technologies utilized in modern industrial settings
include radar, ultrasonic, hydrostatic, and magnetic-based systems.

|Radar Level Measurement (ToF)

Radar sensors operate on the Time-of-Flight (ToF) principle. The device emits
high-frequency electromagnetic pulses (typically in the 26 GHz or 80 GHz range)
toward the material surface. These pulses are reflected back to the sensor. By
measuring the time interval between emission and reception, the instrument
calculates the distance to the product surface.

Non-Contact Radar: These sensors are ideal for corrosive or hygienic applications
as they do not touch the media. 80 GHz radar, in particular, offers a narrow beam
angle, allowing for accurate measurement even in narrow tanks with internal
obstructions.

Guided Wave Radar (GWR): This technology uses a physical probe (cable or rod) to
guide the radar pulse. It is highly effective in low-dielectric liquids and applications
with heavy foam or turbulence, as the probe concentrates the signal energy.
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| Ultrasonic Level Measurement

Similar to radar, ultrasonic sensors use the ToF principle but utilize sound waves
instead of electromagnetic pulses. The sensor emits an ultrasonic pulse that
reflects off the liquid or solid surface. The speed of sound is
temperature-dependent, so these sensors typically include integrated temperature
compensation to maintain accuracy.

Ultrasonic measurement is a cost-effective solution for water and wastewater
applications, such as open channel flow or sump level monitoring. However, it is
sensitive to vacuum conditions, high pressure, and heavy dust or vapor, which can
attenuate the sound signal.

| Hydrostatic Level Measurement

Hydrostatic transmitters measure the pressure exerted by a liquid column at the
bottom of a tank. Based on the formula $P = \rho \cdot g \cdot h$ (where $P$ is
pressure, $\rho$ is density, $g$ is gravity, and $h$ is height), the level can be
determined if the density of the liquid is constant.

This method is highly reliable for vented tanks. In pressurized vessels, a differential
pressure (DP) transmitter is required to subtract the top-side gas pressure from the
total pressure at the bottom. Hydrostatic sensors are frequently used in deep
wells, reservoirs, and large storage tanks where non-contact methods might be
cost-prohibitive.

| Magnetic Level Gauges with Transmitters

Magnetic level gauges utilize a float containing a permanent magnet that moves
with the liquid level inside a bypass chamber. For continuous measurement, a reed
chain or magnetostrictive sensor is mounted to the exterior of the chamber. As the
float moves, it triggers a change in resistance or a magnetic return pulse, which is
converted into a 4-20mA or digital signal. This provides both a local visual
indication and a remote continuous signal.
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|Se|ection Criteria for Industrial Applications

Choosing a continuous level measurement system involves evaluating the physical
state of the media, the vessel geometry, and the environmental constraints. The
following table provides a comparison of common technologies.

| Technology Comparison Table

Technology Typical Max Range Media Key
Accuracy Suitability Advantage
80 GHz Radar +1 mm 120 m Liquids, Solids, High precision;
Corrosives ignores internal

obstructions

Ultrasonic +0.25% of 15-20m Water, Slurries, Cost-effective;
range Chemicals non-contact
Hydrostatic +0.1% to 0.5% 200 m (H20) Clean liquids, Simple
QOils installation;
reliable in deep
wells
Guided Wave +2 mm 60 m Low dielectric Stable in
Radar liquids, Foam turbulent
conditions
Magnetic Gauge  +5 mm 6 m Clean liquids, Local visual
High pressure plus remote
signal

| Factors to Confirm Before Selection

1. Media Properties: Determine the dielectric constant ($er$) for radar, density for
hydrostatic, and viscosity for any contact-based probes.

2. Process Conditions: Verify the operating temperature and pressure.
High-pressure steam, for example, can affect the speed of sound in ultrasonic
applications but has a negligible effect on radar.
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3. Tank Geometry: Identify the location of agitators, heating coils, or inlet pipes.
These may require radar sensors with narrow beam angles or the use of a stilling
well.

4. Output Requirements: Standard 4-20mA HART is common, but digital protocols
like Modbus RTU or Profibus may be necessary for integration into modern
PLC/SCADA systems.

For detailed specifications and model comparisons, engineers can review product
options and application support on our Main Page.

| Installation Considerations for Accuracy

Proper installation is as important as selecting the right technology. Even the most
advanced sensor will provide erratic data if mounted incorrectly.

| Nozzle Placement and Dead Zones

Every continuous level sensor has a "dead zone" or "blocking distance" at the very
top of its range (near the sensor face). For ultrasonic sensors, this is typically
0.25m to 0.6m. For radar, it may be as small as 0.05m. The sensor must be
mounted high enough so that the maximum liquid level never enters this zone.

When installing on a nozzle, ensure the nozzle diameter and height do not interfere
with the signal beam. For radar and ultrasonic sensors, the beam should not
intersect the tank wall. A general rule is to install the sensor at a distance of 1/6th
of the tank diameter from the wall.

| Avoiding Obstructions

Internal structures like ladders, agitator blades, and spray balls can create "false
echoes." While modern software allows for "false echo suppression" (mapping out
static reflections), it is best to avoid these obstructions during the design phase. If
an agitator is present, a guided wave radar or a stilling well can prevent the signal
from being scattered by the moving blades.
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| Environmental Protection

In outdoor installations, sensors should be protected from direct sunlight to
prevent temperature fluctuations from affecting the electronics or the sound-speed
calculations in ultrasonic units. Using a sunshade is a simple but effective practice.
For hydrostatic sensors in outdoor tanks, ensure the vent tube in the cable is
protected from moisture ingress using a desiccant filter.

| Limitations and Risk Mitigation

While continuous level measurement technologies are advanced, they are not
universal. Engineers must be aware of specific limitations:

Foam: Heavy, thick foam can absorb ultrasonic and radar signals. In such cases,
Guided Wave Radar or Hydrostatic sensors are preferred.

Vapor and Condensation: High concentrations of vapor can attenuate ultrasonic
signals. Condensation on a radar antenna can cause signal drift; however, many
modern radar units feature PTFE drip-off lenses to mitigate this.

Dust: During the filling of silos, heavy dust can interfere with ultrasonic waves.
High-frequency radar (80 GHz) is generally unaffected by dust and is the standard
choice for solids.

Build-up: Sticky media can coat sensors. Non-contact radar is less susceptible than
contact probes, but if coating occurs on a radar lens, it may eventually require
cleaning or the use of an air purge system.

| Frequently Asked Questions (FAQs)

Q: How often should continuous level sensors be calibrated?

A: Calibration frequency depends on the industry and the technology. Hydrostatic

sensors may require annual checks for zero-drift. Radar and ultrasonic sensors are
generally more stable, but many regulated industries (like pharmaceutical or food
& beverage) mandate annual verification against a manual measurement.
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Q: Can one sensor measure both the total level and the interface between two
liquids?

A: Yes, Guided Wave Radar is specifically capable of measuring both the total level
and the interface (e.qg., oil over water), provided the upper liquid has a lower
dielectric constant than the lower liquid.

Q: What is the impact of changing liquid density on measurement?

A: For hydrostatic sensors, a change in density will result in a direct error in level
calculation. If the density varies significantly, a radar or ultrasonic sensor should
be used instead, as they are independent of media density.

Q: Is it possible to measure level in a vacuum?

A: Radar and hydrostatic sensors work well in vacuums. Ultrasonic sensors cannot
function in a vacuum because sound waves require a medium (air/gas) to travel.

By understanding these technical nuances, process engineers can implement
continuous level measurement systems that enhance operational efficiency and
reduce the risk of overfills or dry-run conditions. For further technical assistance in
selecting the right instrument for your specific process, please consult the
resources available on our Main Page.
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