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In the landscape of industrial automation and process control, measuring the level
of liquids and solids accurately is fundamental to operational efficiency, safety, and
inventory management. Among the various technologies available, ultrasonic level
measurement has established itself as a versatile, cost-effective, and reliable
solution for a wide range of applications. As a non-contact technology, it eliminates
many of the maintenance issues associated with mechanical or contact-based
sensors, making it a preferred choice in industries ranging from water treatment to
chemical processing.

This guide provides a comprehensive technical overview of ultrasonic level
technology, explaining its underlying physics, selection criteria, installation best
practices, and inherent limitations to assist engineers and procurement
professionals in making informed decisions.

| Principles of Ultrasonic Level Measurement

Ultrasonic level sensors operate on the "Time of Flight" (ToF) principle. The
measurement process begins with the sensor's transducer, which contains
piezoelectric crystals. When energized, these crystals vibrate at a high
frequency—typically between 20 kHz and 200 kHz—emitting a burst of ultrasonic
sound waves toward the target material.

| The Pulse-Echo Technique

These sound waves travel through the air or gas space above the material, strike
the surface of the liquid or solid, and reflect back toward the sensor. The
transducer then acts as a receiver, capturing the reflected echo. The internal
electronics of the instrument measure the precise duration of time between the
transmission of the pulse and the reception of the echo.

Using the known speed of sound in air, the distance ($D$) from the sensor to the
surface is calculated using the formula:

$$D = \frac{c \cdot t}{2}%$%
Where:

$c$ is the speed of sound in the medium (typically air).
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$t$ is the total transit time (the "round trip").

Once the distance to the product surface is known, the device subtracts this value
from the total tank height (the calibration distance) to determine the actual level
of the material. If the tank geometry is programmed into the device, it can also
calculate volume or open-channel flow rates.

|Temperature Compensation

The speed of sound is not a constant; it varies primarily with the temperature of
the medium through which it travels. In air, the speed of sound changes by
approximately 0.17% per degree Celsius (0.6 meters per second per degree
Celsius). To maintain accuracy, industrial ultrasonic level sensors include an
integrated temperature sensor. The onboard microprocessor uses this real-time
data to adjust the speed-of-sound constant used in the distance calculation,
ensuring the measurement remains stable despite ambient temperature
fluctuations.

| Key Components of an Ultrasonic Level System

A professional-grade ultrasonic level instrument consists of three primary elements
designed to withstand industrial environments:

1. The Transducer: This is the heart of the unit. It must be robust enough to handle
the mechanical stresses of vibration while being sensitive enough to detect weak
return echoes. Many transducers are encapsulated in materials like PVDF
(Polyvinylidene fluoride) or UPVC to resist chemical corrosion.

2. Signal Processing Electronics: Modern sensors utilize advanced algorithms to
filter out "false echoes" caused by internal tank obstructions (like ladders or pipes)
or environmental noise. This digital signal processing (DSP) ensures that the sensor
tracks the true surface of the material.

3. The Housing: For industrial use, the housing typically carries an IP67 or IP68
rating for ingress protection. In hazardous environments, such as oil and gas or
chemical storage, sensors must be certified as intrinsically safe (Ex ia) or
flameproof (Ex d).
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|Industria| Applications and Benefits

The primary advantage of ultrasonic level measurement is its non-contact nature.
Because no part of the instrument touches the process media, it is immune to the
effects of viscosity, density, or corrosive properties that often plague
contact-based sensors like float switches or displacers.

Water and Wastewater: Monitoring levels in wet wells, sumps, and reservoirs. It is
also used extensively for open-channel flow measurement in flumes and weirs.

Chemical Processing: Measuring acids, alkalis, and other corrosive liquids in
storage tanks where contact probes would degrade quickly.

Food and Beverage: Since the sensor does not touch the product, it is ideal for
hygienic applications where contamination must be avoided.

Solid Materials: Measuring the level of grains, plastic pellets, or ores in silos,
though this requires higher-powered transducers due to the sound-absorbent
nature of solids.

| Selection Criteria for Ultrasonic Level Instruments

Choosing the right sensor requires an evaluation of the specific process conditions.
While ultrasonic technology is robust, it is not a "one-size-fits-all" solution.
Engineers should consider the following parameters before selecting a model from
the Main Page of a manufacturer's catalog.

| Measuring Range

Ultrasonic sensors have a defined minimum and maximum range. The maximum
range is determined by the frequency of the transducer; lower frequencies travel
further but require larger transducers. Typical industrial ranges span from 0.25
meters (0.8 ft) up to 30 meters (98.4 ft).
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| The Blind Zone (Dead Band)

Every ultrasonic sensor has a "blind zone" directly beneath the transducer face.
This is the distance required for the piezoelectric crystal to stop vibrating after
transmitting before it can begin listening for the echo. If the liquid level enters this
zone, the sensor cannot provide a reading. Standard blind zones range from 0.2
meters to 0.8 meters depending on the device frequency.

| Process Environment

Temperature: Standard units typically operate between -40°C and +80°C (-40°F to
176°F). High-temperature applications may require radar technology instead.

Pressure: Ultrasonic sensors are generally limited to atmospheric or
near-atmospheric pressure (up to 3 bar / 43.5 psi). High pressure increases the
density of the gas, which can significantly alter the sound wave's behavior.

Vapor and Gas Composition: If the gas space above the liquid is not air (e.g.,
nitrogen or carbon dioxide), the speed of sound will change, requiring manual
calibration of the sound velocity constant.

| Practical Selection Table

Standard Liquid Heavy-Duty / Solids
Application Application

Typical Range 0.25m-10 m (0.8 - 32.8 ft) 0.5m-30m (1.6 - 98.4 ft)
Accuracy +0.25% of full span +0.2% of measured distance
Beam Angle B —12° 5° - 8° (Narrower is better)
Housing Material ABS / Plastic Aluminum / Stainless Steel
Transducer Face PU / UPVC EVEE /£ BHEE

Output Options 4-20mA, HART 4-20mA, Modbus RTU, Relay

Welk Reference Guide 5



WELK REFERENCE GUIDE Ultrasonic Level

| Installation Considerations and Best Practices

Proper installation is the most critical factor in ensuring the long-term reliability of
an ultrasonic level system. Even the most advanced sensor will fail if it is poorly
positioned.

1. Perpendicular Alignment: The sensor must be mounted so that the transducer
face is perfectly parallel to the liquid surface. If the sensor is tilted, the sound wave
will reflect away from the receiver, resulting in a "Lost Echo" error.

2. Avoid the Fill Stream: Never mount a sensor directly above the point where
liquid enters the tank. The turbulence and falling liquid will scatter the ultrasonic
pulses and create significant noise.

3. The 1/6 Rule: To avoid interference from tank wall echoes, the sensor should
generally be mounted at a distance from the wall equal to at least 1/6th of the tank
height.

4. Obstruction Clearance: The ultrasonic pulse spreads out in a cone (the beam
angle). Ensure that no internal obstructions, such as agitators, ladders, or heating
coils, enter this cone. If obstructions are unavoidable, many modern sensors allow
for "False Echo Suppression,” where the software is taught to ignore specific static
reflections.

5. Standpipes and Nozzles: If mounting the sensor on a nozzle, the nozzle should
be as short and wide as possible. If the nozzle is too narrow or long, the sound
waves will bounce off the internal walls of the pipe before reaching the tank,
creating a large blind zone.

| Limitations and Technical Challenges

While ultrasonic level sensors are highly effective, there are specific environmental
conditions where the technology may struggle:

Surface Foam: Heavy, thick foam acts as a sound absorber. Instead of reflecting
the signal, the foam absorbs the energy, leading to signal loss. In such cases, a
radar level meter or a hydrostatic transmitter is often a better choice.
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Vacuum Conditions: Sound waves require a medium (gas) to travel. In a vacuum,
ultrasonic sensors cannot function because there are no molecules to transmit the
vibration.

Heavy Dust or Steam: While light dust is manageable, extremely dense dust or
heavy steam can scatter the ultrasonic signal, reducing the effective range and
accuracy of the device.

High Turbulence: Rapidly churning liquid surfaces can cause the reflected echo to
be inconsistent. This can often be mitigated by using a "stilling well" (a vertical
pipe that protects the sensor from surface waves).

| Frequently Asked Questions (FAQ)

Q: How does ultrasonic level compare to radar level measurement?

A: Ultrasonic sensors use sound waves (mechanical energy), while radar sensors
use electromagnetic waves. Radar is generally more expensive but can handle
vacuum, high temperatures, and high pressures. Ultrasonic is more cost-effective
for standard water and chemical applications at atmospheric pressure.

Q: Can ultrasonic sensors measure the level of powders and grains?

A: Yes, but with caveats. Solids often have an uneven surface and absorb more
sound than liquids. For solids, it is recommended to use a sensor with a higher
power output and a narrower beam angle to maximize the return signal.

Q: What maintenance is required for these sensors?

A: Because they are non-contact, maintenance is minimal. However, in
applications with high humidity or splashing, the transducer face should be
checked periodically for condensation or buildup. Most sensors are designed so
that condensation will naturally bead off, but extreme buildup can affect
performance.

Q: How do | handle a "Lost Echo" alarm?
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A: First, check if the liquid has entered the blind zone. Second, verify that the
sensor is still perpendicular to the surface. Third, check for environmental changes
like new foam or increased turbulence. Adjusting the gain or sensitivity settings in
the electronics can often resolve intermittent signal loss.

| Conclusion

Ultrasonic level technology remains a cornerstone of industrial process monitoring
due to its balance of performance and affordability. By understanding the physics
of sound propagation and adhering to strict installation guidelines, facilities can
achieve highly accurate level data with very low maintenance requirements. For
those evaluating specific hardware for their next project, it is advisable to Review
product options and application support to ensure the selected instrument matches
the chemical and physical demands of the environment.
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