Ultrasonic Tank Sensors

A practical guide to ultrasonic tank sensors, covering the reader intent, the
relationship to ultrasonic tank sensors, key evaluation criteria, common risks, and

the information the intended project audience should confirm before taking the
next step.
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In the landscape of industrial automation, the ability to monitor liquid and solid
levels with precision is fundamental to operational efficiency and safety. Ultrasonic
tank sensors have emerged as a primary solution for non-contact level
measurement across diverse sectors, including water treatment, chemical
processing, and oil and gas storage. By utilizing high-frequency sound waves to
determine the distance to a material's surface, these instruments provide a
reliable means of monitoring inventory without physical contact with the media,
thereby reducing maintenance requirements and preventing contamination.

As a professional manufacturer of industrial level measurement instruments, Welk
provides advanced ultrasonic solutions designed to meet the rigorous demands of
modern process industries. Understanding the underlying physics, selection
criteria, and installation nuances is essential for engineers and project managers
tasked with implementing these systems.

| Measurement Principles of Ultrasonic Technology

Ultrasonic tank sensors operate on the "Time-of-Flight" (ToF) principle. The device
consists of a transducer that acts as both a transmitter and a receiver. The
measurement process follows a specific sequence:

1. Pulse Emission: The transducer emits a series of high-frequency ultrasonic
pulses (typically ranging from 20 kHz to 200 kHz, depending on the required
range).

2. Propagation: These sound waves travel through the air or gas space within the
tank toward the surface of the medium.

3. Reflection: Upon hitting the surface of the liquid or solid, a portion of the
acoustic energy is reflected back toward the sensor as an echo.

4, Detection: The transducer receives the reflected echo and converts the
mechanical energy back into an electrical signal.
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5. Calculation: The internal microprocessor measures the time interval ($t$)
between the emission and the reception. Given the known speed of sound ($c$) in
the medium (usually air), the distance ($D$) is calculated using the formula: $D =
(c\timest)/ 2%.

The level of the tank is then determined by subtracting the measured distance
from the total height of the tank (the calibration point). Because the speed of
sound is influenced by the temperature of the gas through which it travels,
high-quality ultrasonic tank sensors include integrated temperature sensors to
provide real-time compensation, ensuring accuracy remains consistent despite
thermal fluctuations.

| Key Components and Materials

The construction of ultrasonic tank sensors is tailored to withstand various
industrial environments. The primary components include:

The Transducer: Often made from piezoelectric ceramics, the transducer is the
heart of the unit. In corrosive environments, these are typically encapsulated in
materials like PVDF (Polyvinylidene fluoride) or PTFE (Teflon) to prevent chemical
degradation.

The Housing: Industrial sensors usually feature housings made of glass-reinforced
plastic (GRP), aluminum, or 316L stainless steel, providing ingress protection (often
IP66, IP67, or IP68) against moisture and dust.

Signal Processing Electronics: Modern units incorporate sophisticated algorithms to
filter out "false echoes" caused by internal tank structures like ladders, agitators,
or pipes.

| Selection Criteria for Industrial Applications

Choosing the correct sensor requires a detailed analysis of the application
environment. Engineers must evaluate several technical parameters to ensure the
chosen instrument performs reliably.
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| 1. Measurement Range and Frequency

Lower frequency sensors (e.g., 20-40 kHz) can travel further and are used for deep
tanks or silos (up to 30 or 40 meters). Higher frequency sensors (e.g., 70-100 kHz)
offer higher resolution and smaller "dead zones" but are limited to shorter ranges
(typically under 10 meters).

| 2. Media Characteristics

While ultrasonic tank sensors are versatile, the nature of the medium affects the
reflection. Liquids with calm surfaces provide the best reflection. Turbulent liquids
or bulk solids with high angles of repose may scatter the signal, requiring sensors
with higher power or specialized signal processing.

| 3. Process Temperature and Pressure

Standard ultrasonic sensors are generally limited to atmospheric or
near-atmospheric pressure (typically -0.5 to 3 bar). Because sound requires a
medium to travel, they cannot function in a vacuum. Temperature limits usually
range from -40°C to +80°C. For applications exceeding these limits, radar or
hydrostatic technologies may be more appropriate.

| 4. Chemical Compatibility

In chemical storage, the sensor face must be resistant to the vapors present. For
example, hydrochloric acid or sulfuric acid applications require PVDF-wetted parts
to ensure longevity.

| Selection Table: Technology Comparison
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Ultrasonic Tank BELETY Hydrostatic
Sensors (GWR/Non-Contact) | Transmitters

Measurement Type Non-contact (Sound) Non-contact (EM Contact (Pressure)

Waves)

Accuracy High (£0.25% of Very High (£1-2 mm) Moderate (£0.5% FS)
range)

Cost Cost-effective Higher Moderate

Impact of High Low None

Dust/Steam

Impact of Vacuum Cannot operate High performance High performance

Ideal Application Water, wastewater, Hydrocarbons, high Deep wells, vented
acids temp tanks

| Installation Guidelines and Best Practices

Proper installation is the most critical factor in the performance of ultrasonic tank
sensors. Even the most advanced sensor will fail to provide accurate data if
positioned incorrectly.

|Avoiding the "Dead Zone" (Blanking Distance)

Every ultrasonic sensor has a minimum distance near the transducer face where it
cannot measure, known as the dead zone or blanking distance. This is the time
required for the transducer to stop vibrating after emission before it can listen for
an echo. If the liquid level enters this zone, the sensor will provide an error or an
incorrect reading. Always mount the sensor high enough so the maximum liquid
level never reaches the dead zone.
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| Positioning and Beam Angle

The ultrasonic signal spreads out in a cone shape, known as the beam angle
(usually between 5° and 12°). The sensor must be positioned such that the beam
does not intercept the tank wall or internal obstructions like cooling coils or
ladders. A common engineering rule is to place the sensor at least 1/6th of the
tank diameter away from the wall.

| Mounting Orientation

The sensor face must be installed perfectly parallel to the liquid surface. Even a
few degrees of tilt can cause the reflected signal to miss the receiver, leading to
signal loss (LOE - Loss of Echo).

| Nozzle Considerations

If mounting on a standpipe or nozzle, the nozzle must be short and wide enough to
ensure the ultrasonic beam clears the bottom edge of the pipe. Internal welds or
burrs inside the nozzle can create false reflections.

| Limitations and Environmental Factors

While highly effective, ultrasonic technology has physical limitations that must be
acknowledged during the design phase:

Foam: Heavy, dense foam on the surface of a liquid absorbs the ultrasonic pulse
rather than reflecting it. If foam is consistently present, ultrasonic sensors may not
be suitable, and radar or displacement technologies should be considered.

Vapor and Gas Layers: Significant concentrations of heavy vapors (like CO2) or
heavy steam can change the speed of sound, leading to measurement errors.
While temperature compensation helps, it cannot account for changes in gas
composition.



Ultrasonic Tank Sensors

Dust and Turbulence: In solid silos, heavy dust during filling can attenuate the
signal. Similarly, heavy surface agitation in liquids can scatter the echo.

| Integration and Communication

Modern industrial sensors are rarely standalone units. They must integrate into
broader control systems. Welk provides sensors with various output options to
facilitate this:

Analog Output: 4-20mA current loops are the standard for long-distance
transmission to PLCs.

Digital Communication: Modbus RTU (RS485) or HART protocols allow for remote
configuration and the transmission of diagnostic data, such as signal strength and
internal temperature.

Switching: Many units include programmable relays for high-level or low-level
alarms, providing an extra layer of overfill protection.

| Frequently Asked Questions (FAQ)

Q: Can ultrasonic tank sensors be used in pressurized vessels?

A: Generally, no. Ultrasonic sensors are designed for atmospheric or low-pressure
tanks. High pressure changes the density of the air, which significantly alters the
speed of sound and can damage the transducer face. For pressurized vessels,
radar level meters are the preferred choice.

Q: How do | handle a tank with an internal agitator?

A: Use a sensor with "false echo suppression” or "echo masking" capabilities.
During commissioning, you can map the tank while empty; the software identifies
the static reflections from the agitator and ignores them during operation.
Alternatively, a stilling well can be used to isolate the sensor from the turbulence.

Q: What is the maintenance schedule for these sensors?



Ultrasonic Tank Sensors

A: Because they are non-contact, maintenance is minimal. However, in
applications with high humidity or condensation, it is recommended to periodically
check the transducer face for moisture buildup or scaling, which can attenuate the
signal.

Q: Is it possible to measure solids with ultrasonic sensors?

A: Yes, but with caveats. The range for solids is typically half that of liquids
because the uneven surface of bulk solids scatters the sound. It is important to
select a sensor specifically rated for solids with a higher power output.

| Conclusion

Ultrasonic tank sensors represent a mature, reliable, and cost-effective technology
for a wide range of industrial level monitoring tasks. By understanding the physics
of sound propagation and adhering to strict installation guidelines, facilities can
achieve high-precision measurements that enhance process control and safety. For
projects requiring specialized configurations, such as custom chemical resistance
or specific digital interfaces, consulting with a professional manufacturer is
recommended.

For more detailed technical specifications and to explore our full range of level
measurement instruments, please visit our Main Page. Our engineering team at
Welk is available to provide application support and customized OEM/ODM
solutions tailored to your specific industrial requirements.



