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In the landscape of industrial automation and process control, the term "enuser"
represents the critical final link in the value chain: the end-user who operates,
maintains, and relies on precise instrumentation. For an enuser, the selection of
level measurement technology is not merely a procurement task but a
foundational engineering decision that impacts plant safety, efficiency, and
regulatory compliance. Whether managing water treatment facilities, chemical
processing plants, or oil and gas storage, the enuser must bridge the gap between
theoretical sensor specifications and the harsh realities of the field.

This guide provides a comprehensive technical overview of level measurement
technologies, tailored to the specific requirements of the industrial enuser. By
understanding the underlying physics, installation constraints, and selection
variables, operators can ensure long-term reliability and minimize the total cost of
ownership.

| Measurement Principles and Technology Overview

Before an enuser can select a specific instrument, it is essential to understand the
physical principles that govern different measurement categories. Industrial level
sensors generally fall into two categories: continuous measurement and point level
detection.

|1. Radar Level Measurement (Non-Contact)

Radar technology is often the preferred choice for the modern enuser due to its
high accuracy and independence from media properties like density or
conductivity. It operates on the Time of Flight (ToF) principle.

Principle: The sensor emits high-frequency electromagnetic pulses (typically in the
26 GHz or 80 GHz range). These pulses travel at the speed of light, reflect off the
surface of the medium, and return to the sensor. The distance ($d$) is calculated
using the formula $d = (c \times t) / 2%, where $c$ is the speed of light and $t$ is
the measured transit time.
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FMCW vs. Pulsed: Frequency Modulated Continuous Wave (FMCW) radar is
increasingly common for the enuser because it offers superior signal-to-noise
ratios, allowing for measurement in tanks with internal obstructions or heavy
turbulence.

| 2. Ultrasonic Level Sensors

Ultrasonic sensors are a cost-effective solution for many water and wastewater
applications where the enuser requires non-contact measurement.

Principle: These devices emit mechanical sound waves (ultrasound). The time
taken for the echo to return from the liquid surface determines the level.

Limitations: Because sound requires a medium to travel, changes in air
temperature, pressure, or gas composition can affect the speed of sound. Most
professional units include integrated temperature compensation to mitigate these
effects.

| 3. Hydrostatic Level Transmitters

For deep wells, open tanks, or vented vessels, the enuser often turns to
hydrostatic pressure measurement.

Principle: This method relies on the relationship between the height of a liquid
column and the pressure it exerts at the base: $P = \rho \times g \times h$. By
measuring the pressure ($P$) and knowing the liquid density ($\rho$), the height
($h$) can be accurately determined.

Configuration: These can be submersible (drop-in) probes or externally mounted
via a flange or thread at the bottom of the tank.

| 4. Magnetic Level Gauges

When visual indication is required alongside electronic transmission, the magnetic
level gauge is a robust mechanical-electronic hybrid.
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Principle: A float containing a permanent magnet moves with the liquid level inside
a bypass chamber. Outside the chamber, a series of magnetic flaps (flags) flip as
the float passes, providing a clear visual representation. A reed chain or
magnetostrictive transmitter can be attached to provide a 4-20mA signal to the
enuser’s control system.

| Key Evaluation Criteria for the Enuser

Selecting the right instrument requires the enuser to evaluate the specific process
environment. Failure to account for these variables often leads to premature
sensor failure or inaccurate data.

| Media Characteristics

Dielectric Constant (er): For radar sensors, the reflectivity of the surface depends
on the dielectric constant. Materials with low er (like oils) reflect less energy than
those with high er (like water), requiring more sensitive antennas.

Corrosivity: The enuser must ensure that wetted parts—such as diaphragms for
hydrostatic sensors or antennas for radar—are compatible with the media.
Common materials include SS316L, Hastelloy, or PTFE coatings.

Viscosity and Coating: High-viscosity liquids can build up on contact probes,
leading to false readings. In such cases, non-contact radar is usually the better
recommendation.

| Process Conditions

Temperature and Pressure: Standard ultrasonic sensors are limited by temperature
(usually up to 80°C), whereas high-frequency radar can handle extremes
exceeding 250°C and high-pressure environments.

Turbulence and Foam: Foam can absorb ultrasonic and radar signals. The enuser
might need a guided wave radar (GWR) or a specific low-frequency radar to
penetrate foam layers.
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|Se|ection Table for Industrial Applications

The following table serves as a quick reference for the enuser to compare
technologies based on typical application requirements:

80GHz Radar +1 mm Up to 120m Liquids/Solids Small nozzles,
high precision

Ultrasonic +0.25% Up to 15m Water/Slurries Open channels,
sumps
Hydrostatic +0.1% Up to 200m Clean Liquids Deep wells,

vented tanks

Magnetic Gauge  +5 mm Up to 6m Chemicals/Qil High-pressure
boilers, visual
check

Level Switch N/A Point Only All Overfill
protection,

pump control

For a detailed look at specific product models and technical specifications, the
enuser can visit the Main Page to review product options and application support.

| Installation Considerations and Best Practices

Even the most advanced sensor will fail if the enuser does not follow proper
installation engineering. Here are the critical factors to consider:

|1. The Dead Zone (Blocking Distance)

Every sensor has a "dead zone" near the transducer face where measurement is
impossible. For ultrasonic sensors, this might be 0.25m to 0.5m. The enuser must
mount the sensor high enough so that the maximum liquid level never enters this
zone.

Welk Reference Guide 5



WELK REFERENCE GUIDE Enuser

| 2. Beam Angle and Obstructions

Radar and ultrasonic signals spread out in a cone. If this cone hits a tank wall, an
agitator, or a ladder, it will create a false echo.

80GHz Radar Advantage: Higher frequency radar has a much narrower beam angle
(as low as 3°), allowing the enuser to install it in narrow tanks or close to walls
without interference.

False Echo Suppression: Modern software allows the enuser to "map" the tank,
telling the sensor to ignore static reflections from internal structures.

| 3. Nozzle Geometry

The mounting nozzle should be as short as possible. If a nozzle is too long or
narrow, the signal can reflect off the internal edges of the pipe before reaching the
tank, creating "ringing" that obscures the actual level signal.

| 4. Orientation

For hydrostatic transmitters, the sensor should be placed away from high-velocity
inflow areas to avoid dynamic pressure errors. For radar, the antenna should be
perpendicular to the liquid surface to ensure maximum signal return.

| Limitations and Common Risks

While modern instrumentation is highly reliable, the enuser should be aware of
specific technical limitations:

Vacuum Conditions: Ultrasonic sensors cannot function in a vacuum because there
is no air to transmit the sound waves. Radar is unaffected by vacuum.

Vapor Clouds: Heavy steam or chemical vapors can attenuate ultrasonic signals.
High-frequency radar is generally immune to these effects, but extremely dense
vapors may require a lower frequency (e.g., 6GHz or 26GHz) or guided wave radar.
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Ambient Noise: In environments with heavy machinery, ultrasonic sensors may
pick up acoustic noise, leading to erratic readings. Proper shielding and frequency
selection are necessary.

|Frequent|y Asked Questions (FAQs)

Q: How often should an enuser calibrate their level meters?

A: Calibration frequency depends on the application's criticality. For regulated
industries (like pharmaceutical or food), annual calibration is standard. For general
water storage, a functional check every 24 months may suffice. Many Welk
instruments feature self-diagnostic capabilities to alert the enuser when calibration
is drifting.

Q: Can one sensor be used for both liquids and solids?

A: Radar sensors are versatile, but the enuser must choose the correct antenna
and software settings. Solids have a lower dielectric constant and an uneven
surface (angle of repose), which requires more signal processing compared to flat
liquid surfaces.

Q: What is the difference between 2-wire and 4-wire transmitters?

A: A 2-wire transmitter uses the same pair of wires for both power and the 4-20mA
signal, which is highly efficient for the enuser's wiring costs. A 4-wire transmitter
has separate power and signal lines, typically used when the device requires more
power (e.g., for heated displays or high-power radar).

Q: How does the enuser handle measurement in tanks with agitators?

A: The best approach is to use a radar sensor with a narrow beam angle and
enable "False Echo Suppression." Alternatively, a Guided Wave Radar (GWR) with a
coaxial probe can be used, as the signal is contained within the probe and is not
affected by the moving blades of the agitator.
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| Conclusion

For the industrial enuser, achieving accurate level measurement is a balance of
physics, environmental awareness, and proper hardware selection. By prioritizing
the specific needs of the media and the vessel geometry, and by adhering to
rigorous installation standards, operators can ensure that their level measurement
systems provide reliable data for years to come. For further technical
documentation or to explore the full range of Welk instrumentation, users are
encouraged to consult the Main Page for comprehensive product support and
engineering resources.
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