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A practical guide to level indicating transmitter, covering the reader intent, the
relationship to level indicating transmitter, key evaluation criteria, common risks,
and the information the intended project audience should confirm before taking
the next step.
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In modern industrial process control, the ability to monitor fluid or solid levels
accurately is fundamental to safety, efficiency, and inventory management. A |level
indicating transmitter is a sophisticated instrument that performs two critical
functions simultaneously: it provides a real-time local visual readout of the level
and transmits a continuous electronic signal to a remote control system, such as a
PLC (Programmable Logic Controller) or SCADA (Supervisory Control and Data
Acquisition) system.

This dual-purpose design is essential for field operators who need immediate data
at the tank side and for process engineers who require centralized data for
automated control loops. Choosing the correct level indicating transmitter requires
a deep understanding of the underlying measurement physics, the chemical
properties of the media, and the specific mechanical constraints of the installation
site.

Measurement Principles of Level Indicating
Transmitters

Before selecting a device, it is vital to understand how different technologies
interpret the physical presence of a substance. Level measurement is generally
categorized into contact and non-contact methods.

|1. Radar (Radio Detection and Ranging)

Radar level transmitters use electromagnetic waves, typically in the 6GHz, 26GHz,
or 80GHz frequency bands. The transmitter emits a pulse or a continuous wave
(FMCW) that travels at the speed of light. When the signal hits the surface of the
medium, it is reflected back to the sensor. The time it takes for the signal to return
(Time of Flight) is directly proportional to the distance.

Because electromagnetic waves do not require a physical medium to travel, radar
is highly effective in vacuums and is largely unaffected by temperature or pressure
fluctuations. High-frequency 80GHz radar is particularly favored for its narrow
beam angle, which allows it to avoid internal tank obstructions like agitators or
heating coils.
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| 2. Ultrasonic Measurement

Ultrasonic transmitters operate on a similar Time of Flight principle but use sound
waves instead of radio waves. The sensor emits an ultrasonic pulse (typically
between 20 kHz and 200 kHz). The pulse reflects off the surface and returns to the
transducer.

While cost-effective and reliable for many water treatment applications, ultrasonic
waves are mechanical and require a medium (air or gas) to travel. Consequently,
they are sensitive to changes in air temperature, heavy foam, or vapor layers that
can attenuate or distort the sound signal. Most modern ultrasonic level indicating
transmitters include integrated temperature sensors to compensate for changes in
the speed of sound.

|3. Hydrostatic (Pressure-Based) Measurement

Hydrostatic level transmitters measure the pressure exerted by a liquid column at
a specific point. The relationship is defined by the formula: $P = \rho \cdot g \cdot
h$, where $P$ is pressure, $\rho$ is the density of the liquid, $g$ is the
gravitational constant, and $h$ is the height of the liquid.

This method is highly reliable for vented tanks. However, because the
measurement is dependent on density, any change in the liquid's temperature or
composition that alters its density will introduce measurement errors unless the
transmitter is calibrated for those specific changes.

| 4. Magnetic Level Indicators with Transmitters

A magnetic level indicating transmitter often consists of a bypass chamber
mounted to the side of a vessel. Inside the chamber, a float containing a
permanent magnet moves with the liquid level. Outside the chamber, a visual
indicator (flags or a scale) provides local readout, while a transmitter strip (using
reed switches or magnetostrictive technology) senses the float's position and
converts it into a 4-20mA or digital signal.
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| Technical Selection Criteria

Selecting the appropriate level indicating transmitter involves evaluating the
process environment against the technical capabilities of the instrument. The
following table provides a comparative overview of common technologies used in
industrial settings.

Technology Media Type Accuracy Max Range Key Primary
(m) Advantage Limitation
Radar Liquids/Solids  *1 mm 120m Non-contact, Higher initial
(80GHz) high cost
precision
Ultrasonic Liquids/Slurries +0.25% 15m - 30m Cost-effective, Affected by
no moving foam and
parts vacuum
Hydrostatic Liquids +0.1% 200m+ Simple Density
installation, dependent
deep wells
Guided Liquids/Solids =~ *2 mm 75m Works in Contact-based
Wave Radar turbulence/foam (probe
buildup)
Magnetic Clean =5 mm om+ Excellent Moving parts
Bypass Liquids visual (float)
indication

When reviewing specific hardware, engineers should consult a comprehensive
Main Page to compare signhal outputs (HART, Modbus, Profibus) and housing
materials (Stainless steel, Hastelloy, or plastics like PVDF).

| Installation Considerations

Correct installation is as critical as technology selection. Even the most advanced
level indicating transmitter will fail if environmental factors are ignored.
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|Dead Zones (Blocking Distance)

Every non-contact transmitter has a "dead zone" or "blocking distance" directly
beneath the sensor where it cannot accurately measure. For ultrasonic sensors,
this is usually 0.2m to 0.5m. For radar, it is significantly smaller but still present.
The instrument must be mounted high enough so that the maximum liquid level
never enters this zone.

| Nozzle Geometry

The mounting nozzle should be as short and wide as possible to prevent signal
interference. If the nozzle is too narrow or long, the sighal may reflect off the
nozzle walls rather than the process media. This is particularly important for
ultrasonic and pulse-radar systems.

| Avoiding Obstructions

The measurement path must be clear of internal structures such as ladders, pipes,
or agitator blades. If an obstruction is unavoidable, many modern transmitters
offer "false echo suppression" software, allowing the user to map out static
reflections and ignore them in the final calculation.

| Stilling Wells and Bypass Chambers
In applications involving heavy turbulence, surface agitation, or foam, installing the
transmitter inside a stilling well or a bypass pipe is recommended. This provides a

calm, clean surface for the sensor to measure, significantly increasing the
reliability of the level indicating transmitter.

| Limitations and Potential Risks

While versatile, level indicating transmitters are not "one-size-fits-all" solutions.
Engineers must be aware of the following risks:
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Dielectric Constant ($er$): Radar technology relies on the dielectric constant of the
material. Low dielectric materials (like oils or certain powders) reflect less energy
than high dielectric materials (like water). If the $er$ is too low (typically below
1.4), a standard radar may struggle to detect the surface without a guided wave
probe.

Vapor and Gas Layers: High-pressure steam or heavy chemical vapors can slow
down ultrasonic waves, leading to a "false high" or "false low" reading. In these
environments, radar or hydrostatic sensors are preferred.

Material Buildup: For contact-based systems like guided wave radar or hydrostatic
sensors, the buildup of viscous or sticky media on the probe or diaphragm can
cause drift or total signal loss. Regular cleaning or the use of flush-diaphragm
sensors is hecessary in these cases.

| Maintenance and Calibration

To ensure long-term accuracy, a level indicating transmitter requires periodic
verification.

1. Zero and Span Adjustment: This ensures the 4mA signal corresponds exactly to
the 0% level and the 20mA signal to the 100% level.

2. Visual Inspection: For magnetic indicators, ensure the float moves freely and is
not weighed down by debris. For non-contact sensors, check the transducer face
for condensation or material splashes.

3. Signal Validation: Periodically compare the local display of the transmitter with a
manual dip-tape measurement to verify the instrument's calibration against the
physical reality of the tank.

| Frequently Asked Questions (FAQ)

Q: Can a level indicating transmitter be used for both liquids and solids?
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A: Yes, but the technology must be chosen carefully. Radar is excellent for both.
Ultrasonic can be used for solids, but the uneven surface of a grain or powder pile
can scatter the sound waves, often requiring a sensor with a higher power output
or a specialized aiming flange.

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

A: A level switch provides point-level detection (e.g., "tank is full" or "tank is
empty"). A level indicating transmitter provides continuous measurement (e.g.,
"tank is at 45.7%") and includes a local display for the operator.

Q: How does foam affect the measurement?

A: Foam is a common challenge. It can absorb ultrasonic signals entirely. Radar
can often see through light foam to the liquid below, but dense, thick foam may be
detected as the surface. In cases of persistent foam, guided wave radar or
hydrostatic transmitters are usually the most reliable options.

Q: Is it necessary to recalibrate the transmitter if the liquid density changes?

A: If you are using a hydrostatic (pressure-based) transmitter, yes. If you are using
radar or ultrasonic, no, as these technologies measure distance and are not
affected by the density of the medium.

| Conclusion

The implementation of a level indicating transmitter is a strategic decision that
impacts both operational safety and process efficiency. By understanding the
physics of radar, ultrasonic, and hydrostatic measurement, and by adhering to
strict installation guidelines regarding dead zones and nozzle placement, facilities
can ensure highly accurate level data. For those in the procurement or engineering
phase, visiting the Main Page provides access to the technical specifications and
expert support required to select the ideal instrument for specific industrial
applications.

Welk Reference Guide 7



