WELK | REFERENCE GUIDE

Ultrasonic Liquid Level
Transmitter

A practical guide to ultrasonic liquid level transmitter, covering the reader intent,
the relationship to ultrasonic liquid level transmitter, key evaluation criteria,
common risks, and the information the intended project audience should confirm
before taking the next step.

levelmeter.org
Main topic: Main Page
https://www.level-meters.com/

Welk Reference Guide 1



WELK REFERENCE GUIDE Ultrasonic Liquid Level Transmitter

In the field of industrial process control, the ultrasonic liquid level transmitter has
established itself as a cornerstone technology for non-contact measurement. By
utilizing high-frequency sound waves to determine the distance to a liquid surface,
these instruments provide a reliable solution for monitoring levels in tanks, pits,
and open channels. As industries move toward greater automation and precision,
understanding the engineering principles, selection criteria, and installation
nuances of these devices is essential for maintaining operational efficiency and
safety.

| Measurement Principles of Ultrasonic Technology

An ultrasonic liquid level transmitter operates on the "Time of Flight" (TOF)
principle. The device consists of a transducer containing a piezoelectric crystal that
serves both as a transmitter and a receiver.

| The Acoustic Cycle

When the transmitter is powered, the transducer emits a burst of ultrasonic
pulses—typically in the frequency range of 20 kHz to 200 kHz. These sound waves
travel through the air or gas space above the liquid. Upon reaching the liquid
surface, the acoustic energy is reflected back toward the sensor. The transducer
then switches to receiving mode to capture the returning echo.

| Distance Calculation

The internal microprocessor calculates the distance between the sensor face and
the liquid surface using the following formula:

Di={cx k]l 2

Where:

D is the distance to the liquid surface (meters).

c is the velocity of sound in the medium (approximately 344 m/s in air at 20°C).

t is the total transit time for the pulse to travel to the surface and back.
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The transmitter then subtracts this distance from the total tank height
(programmed during calibration) to determine the actual liquid level or volume.

| Temperature Compensation

The speed of sound is highly dependent on the temperature of the medium
through which it travels. In air, the speed of sound changes by approximately
0.17% per degree Celsius. To maintain accuracy, a high-quality ultrasonic liquid
level transmitter includes an integrated temperature sensor. This sensor provides
real-time data to the microprocessor, allowing it to automatically compensate for
temperature fluctuations within the vapor space.

| Key Features and Advantages

Ultrasonic transmitters are preferred in many B2B applications due to their
non-invasive nature. Because the sensor does not come into physical contact with
the process medium, it is immune to the corrosive effects of acids, alkalis, and
other aggressive chemicals that would typically degrade submersible or
float-based sensors.

1. Low Maintenance: With no moving parts to wear out or clog, these devices
require significantly less upkeep than mechanical level gauges.

2. Versatility: They are suitable for a wide range of liquids, including wastewater,
oils, and chemical reagents.

3. Ease of Integration: Modern transmitters provide standard industrial outputs
such as 4-20mA, RS485 (Modbus), and HART protocols, facilitating easy connection
to PLC or SCADA systems.

4. Cost-Effectiveness: Compared to sophisticated radar level meters, ultrasonic
transmitters offer a more economical solution for standard atmospheric
applications.

For engineers looking to integrate these instruments into a broader control
architecture, it is helpful to consult a comprehensive Main Page of product
specifications to ensure compatibility with existing hardware.
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| Technical Selection Criteria

Selecting the right ultrasonic liquid level transmitter requires a detailed analysis of
the application environment. A mismatch between the instrument's capabilities
and the process conditions can lead to signal loss or inaccurate readings.

| Measuring Range

Transmitters are designed for specific ranges, typically categorized as short-range
(up to 5m), medium-range (up to 15m), or long-range (up to 30m). It is important
to select a range that covers the maximum depth of the vessel while accounting
for the "dead band."

|The Dead Band (Blanking Distance)

Every ultrasonic sensor has a minimum distance requirement directly in front of
the transducer face where it cannot accurately measure. This is known as the dead
band or blanking distance. It occurs because the transducer requires a brief period
to stop vibrating after transmitting before it can listen for an echo. Typical dead
bands range from 0.25m to 0.6m depending on the frequency of the sensor.

| Material Compatibility

While the measurement is non-contact, the transducer housing and face are
exposed to the tank's atmosphere. For corrosive environments, sensors made from
Polyvinylidene Fluoride (PVDF) or Polytetrafluoroethylene (PTFE) are recommended
over standard Polypropylene (PP) or ABS plastics.

| Selection Checklist Table
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Measuring Range 1.2x the maximum tank height recommended

Process Pressure Typically limited to atmospheric or
near-atmospheric (max 0.3 MPa)

Temperature Range Standard range is -20°C to +60°C; specialized
units go higher

Output Signal 4-20mA (2-wire or 4-wire), RS485, or Relay
switches
Beam Angle Narrower beam angles (6° to 12°) are better

for narrow tanks

Mounting Connection Threaded (G2", NPT), Flanged, or Bracket
mount

| Installation Guidelines and Best Practices

Proper installation is the most critical factor in the performance of an ultrasonic
liquid level transmitter. Even the most advanced sensor will fail if placed in a
location where the acoustic path is obstructed.

| Mounting Location

Perpendicularity: The transducer face must be mounted perfectly parallel to the
liquid surface. A tilt of even a few degrees can cause the reflected signal to miss
the receiver, leading to a "Lost Echo" error.

Distance from Walls: To avoid interference from side-wall reflections, the sensor
should be mounted at a distance from the wall equal to at least 1/6th of the tank
height.

Inflow Avoidance: Never mount the sensor directly above the liquid inlet. The
turbulence and air entrainment caused by the inflowing liquid will scatter the
ultrasonic signal.
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| Obstructions in the Beam Path

The ultrasonic pulse spreads out in a cone shape as it travels. Any internal tank
structures—such as ladders, heating coils, or agitators—that enter this cone will
create false echoes. If obstructions cannot be moved, many modern transmitters
offer "False Echo Suppression" software, allowing the user to program the device
to ignore specific static reflections.

| Use of Stilling Wells

In applications with heavy surface foam or extreme turbulence, a stilling well (a
vertical pipe installed in the tank) can be used. The pipe acts as a guide for the
sound waves and provides a calm surface for measurement. However, the pipe
must be smooth and free of burrs or joints that could create reflections.

| Limitations and Environmental Risks

While highly versatile, ultrasonic technology has physical limitations that engineers
must recognize during the design phase.

| Vacuum and High Pressure

Sound waves require a medium (gas) to travel. Therefore, ultrasonic transmitters
cannot function in a vacuum. Similarly, high-pressure environments change the
density of the gas, which can significantly affect the accuracy of the TOF
calculation and the strength of the signal.

| Heavy Foam and Vapor

Heavy, thick foam on the liquid surface acts as an acoustic absorber. Instead of
reflecting the signal, the foam absorbs it, causing the transmitter to lose the level
signal. Light vapor is usually compensated for by the temperature sensor, but
extremely dense steam or chemical vapors can alter the speed of sound
unpredictably.

Welk Reference Guide 6



WELK REFERENCE GUIDE Ultrasonic Liquid Level Transmitter

| Dust and Turbulence
In dry bulk applications, heavy dust can attenuate the signal. In liquid applications,
extreme surface turbulence or splashing can scatter the signal. For these

environments, a radar-based level meter might be a more robust choice, although
it comes at a higher price point.

| Practical Applications

| Water and Wastewater Treatment
This is the most common application for an ultrasonic liquid level transmitter. They

are used to monitor levels in wet wells, chemical storage tanks (for alum or
polymer), and for open channel flow measurement in flumes and weirs.

| Chemical Processing
Because they are available in chemically resistant materials like PVDF, these
transmitters are ideal for monitoring bulk storage of acids and bases. The

non-contact nature ensures that the sensor does not contaminate the process or
succumb to corrosion.

| Food and Beverage

In the food industry, hygiene is paramount. Ultrasonic sensors can be mounted
above open tanks or through sanitary fittings, ensuring there is no contact with the
consumable product, thus simplifying CIP (Clean-In-Place) procedures.

| Maintenance and Troubleshooting

Routine maintenance for an ultrasonic liquid level transmitter is minimal. However,
periodic checks are recommended:
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Transducer Cleaning: In humid or dusty environments, condensation or debris may
build up on the transducer face. Wiping it with a soft, damp cloth can restore signal
strength.

Signal Strength Monitoring: Most transmitters provide a diagnostic value for signal
quality. A drop in this value over time may indicate a changing process condition
or a dirty sensor.

| Common Troubleshooting Steps

Reading stays at maximum: This often indicates the sensor is too close to the
liquid (inside the dead band).

Fluctuating readings: This is usually caused by surface turbulence or electrical
interference. Increasing the damping or integration time in the settings can often
smooth the output.

EO4 or "Lost Echo" Error: Check for obstructions in the beam path or excessive
foam on the liquid surface.

| Frequently Asked Questions (FAQ)

Q: Can | use an ultrasonic transmitter to measure the level of solids?

A: Yes, but with caveats. Solids like grain or plastic pellets have an angle of repose
that can deflect the signal. A higher-power transmitter with a narrower beam is
usually required for solids.

Q: How does wind affect an ultrasonic sensor in an outdoor tank?

A: Strong wind can "blow" the ultrasonic pulse away, especially over long
distances. For outdoor applications, it is often better to use a sensor with a higher
signal-to-noise ratio or a protective shroud.

Q: What is the typical lifespan of an ultrasonic transmitter?
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A: In standard water or oil applications, a well-manufactured ultrasonic liquid level
transmitter can last 7 to 10 years or more, provided it is not exposed to
temperatures or pressures beyond its rating.

Q: Is it possible to use these sensors in tanks with agitators?

A: Yes, provided the sensor is mounted away from the path of the agitator blades.
If the blades occasionally pass through the beam, the software can usually be
configured to ignore these intermittent reflections.

By following these technical guidelines and understanding the underlying physics
of acoustic measurement, procurement and plant engineers can ensure they select
the most effective level measurement solution for their specific industrial needs.
For further technical support and product comparisons, visiting a dedicated Main
Page for industrial instrumentation is recommended.
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