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In the field of industrial process control, selecting the appropriate level
measurement technology is critical for ensuring operational safety, efficiency, and
accuracy. Two of the most prevalent non-contact technologies used today are
ultrasonic and radar level meters. While both operate on the "Time-of-Flight"
principle, their underlying physics—mechanical sound waves versus
electromagnetic waves—dictate their performance in specific environmental
conditions.

Choosing between ultrasonic vs radar requires a deep understanding of the
process medium, the vessel environment, and the physical properties of the
materials being measured. This guide provides a technical comparison to assist
engineers and procurement professionals in identifying the most cost-effective and
reliable solution for their specific applications.

Measurement Principles: The Physics of
Time-of-Flight

Both ultrasonic and radar sensors are categorized as non-contacting level
transmitters. They function by emitting a signal from a transducer or antenna
located at the top of a tank, which travels through the headspace, reflects off the
surface of the material, and returns to the sensor. By measuring the time it takes
for the signal to complete this round trip, the device calculates the distance to the
product surface.

| Ultrasonic Principle

Ultrasonic sensors utilize mechanical energy in the form of high-frequency sound
waves (typically ranging from 20 kHz to 200 kHz). These waves are generated by a
piezoelectric crystal within the transducer. Because sound requires a medium to
travel through—usually air or gas—the speed of the signal is directly influenced by
the density, temperature, and composition of that medium.
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| Radar Principle

Radar level meters utilize electromagnetic (EM) radio waves, typically in the
microwave frequency range (6 GHz, 26 GHz, or 80 GHz). Unlike sound,
electromagnetic waves do not require a physical medium and travel at the speed
of light. The reflection of these waves depends on the dielectric constant (Dk) of
the material being measured. A higher dielectric constant results in a stronger
reflected signal (echo).

Ultrasonic Level Measurement: Mechanics and
Applications

Ultrasonic technology has long been the standard for simple, cost-effective level
measurement, particularly in water and wastewater management.

| Strengths of Ultrasonic Sensors

Cost-Effectiveness: Generally, ultrasonic transmitters are more affordable than
radar systems, making them ideal for large-scale deployments in non-critical
applications.

Simplicity: They are easy to install and maintain, with few moving parts and
straightforward calibration procedures.

Performance in Solids: Low-frequency ultrasonic waves can often perform well in
measuring bulk solids where dust is minimal.

| Limitations and Challenges

Environmental Sensitivity: Since sound speed varies with air temperature,
ultrasonic sensors require integrated temperature compensation. However, if there
are temperature gradients (layers of different temperatures) in the tank, accuracy
can suffer.
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Vapor and Dust: Heavy dust, steam, or chemical vapors can attenuate or scatter
sound waves, leading to signal loss.

Vacuum and Pressure: Ultrasonic sensors cannot function in a vacuum because
sound cannot travel without a medium. High-pressure environments also change
the air density, affecting the speed of sound significantly.

Foam: Surface foam acts as an acoustic insulator, absorbing the sound energy and
preventing a reliable echo.

Radar Level Measurement: Electromagnetic
Precision

Radar technology has evolved rapidly, with high-frequency 80 GHz radar becoming
increasingly common due to its narrow beam angle and high precision.

| Strengths of Radar Sensors

Immunity to Atmosphere: Because radar uses electromagnetic waves, it is
unaffected by changes in temperature, pressure, or the presence of vacuum. This
makes it the preferred choice for volatile chemicals and high-pressure reactors.

Superior Accuracy: High-frequency radar can achieve accuracies of £1 mm
(approx. 0.04 inches), which is essential for custody transfer and high-precision
inventory management.

Narrow Beam Angle: Modern 80 GHz radar sensors have very narrow beams,
allowing them to be installed in tanks with internal obstructions (like agitators or
ladders) without interference.

Vapor Penetration: Radar signals can penetrate heavy steam, dust, and many
types of vapors that would block an ultrasonic signal.
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| Limitations and Challenges

Ultrasonic vs Radar

Dielectric Dependency: The primary limitation of radar is the dielectric constant of
the material. Materials with very low Dk (like certain oils or liquefied gases) may
not reflect enough energy for a reliable measurement unless specialized

high-sensitivity units or guided wave radar are used.

Initial Investment: Radar units typically command a higher price point than
ultrasonic sensors, though the total cost of ownership is often lower due to
reduced maintenance and higher reliability in harsh conditions.

| Direct Comparison: Ultrasonic vs Radar

The following table summarizes the key technical differences between these two
technologies to assist in the selection process.

m Ultrasonic Level Meters Radar Level Meters

Signal Type

Medium Required

Effect of Temperature

Effect of Pressure

Accuracy

Max Range

Foam Handling

Typical Applications

Cost
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Mechanical (Sound)

Yes (Air/Gas)

High (Requires
compensation)

Limited to ~3 bar (43 psi)

Typically £0.25% of range

Up to 30 meters (approx. 98
ft)

Poor (Absorbs signal)

Water, Wastewater, Open
Channels

Lower

Electromagnetic (Microwave)

No (Works in Vacuum)

Negligible

Up to 160+ bar (2320+ psi)

Upto £1 mm

Up to 120 meters (approx.
393 ft)

Moderate to Good
(Depending on type)

Chemicals, Oil & Gas, High
Temp/Pressure

Higher
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| Key Selection Criteria for Process Engineers

When evaluating ultrasonic vs radar for a specific project, engineers should
confirm the following parameters before finalizing a specification:

1. Process Temperature and Pressure: If the process exceeds 60°C (140°F) or 3 bar
of pressure, radar is almost always the safer and more accurate choice.

2. Chemical Composition and Vapors: For tanks containing acids or solvents that
produce heavy vapors, radar’s ability to penetrate the atmosphere ensures
consistent readings.

3. Tank Geometry and Obstructions: In narrow tanks or those with internal cooling
coils and agitators, the narrow beam of a high-frequency radar (80 GHz) prevents
"false echoes" from the tank walls or internals.

4. Material Properties: For liquids with a dielectric constant lower than 1.5,
standard non-contact radar may struggle. In these cases, guided wave radar
(GWR) or high-sensitivity ultrasonic sensors (if pressure allows) should be
considered.

5. Budget vs. Criticality: For a simple sump or a water storage tank, ultrasonic
provides excellent value. For a reactor or a high-value chemical storage tank, the
reliability of radar justifies the higher initial cost.

| Installation and Maintenance Best Practices

Regardless of the technology chosen, proper installation is the most significant
factor in long-term performance.

| Mounting Position

Both sensor types should be mounted away from the tank wall to avoid
interference. As a rule of thumb, the sensor should be placed at least 200 mm
(approx. 8 inches) from the wall or 1/6th of the tank diameter. It should also be
positioned away from the fill stream to avoid turbulence and false readings caused
by incoming material.
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| The "Dead Zone" or Blocking Distance

Every non-contact sensor has a "dead zone" immediately below the transducer
where measurement is impossible. For ultrasonic sensors, this is typically 200 mm
to 500 mm, depending on the frequency. Radar sensors generally have much
smaller dead zones, sometimes as little as 50 mm. Engineers must ensure the
maximum fill level of the tank does not enter this zone.

| Beam Angle and Obstructions

Ensure that the "signal cone" is clear of obstructions. If an obstruction like a ladder
or pipe is unavoidable, many modern transmitters offer "false echo suppression”
software. This allows the user to map the tank and tell the sensor to ignore specific
static reflections.

|Frequent|y Asked Questions (FAQs)

Q: Can ultrasonic sensors work in a vacuum?

A: No. Sound waves require a medium (like air) to travel. In a vacuum, there is no
medium to carry the mechanical vibration, so the sensor will fail to receive an
echo.

Q: Is radar always better than ultrasonic?

A: Not necessarily. In simple water applications or open channel flow
measurement, ultrasonic is often preferred for its lower cost and sufficient
accuracy. Radar is "better" only when the environment (pressure, vapor,
temperature) exceeds the physical limits of sound waves.

Q: How does foam affect radar?

A: It depends on the foam's density and dielectric properties. Dry, light foam may
be transparent to radar, allowing it to measure the liquid level underneath. Dense,
wet foam may reflect the radar signal, measuring the top of the foam. In severe
foam applications, guided wave radar is often the most reliable solution.
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Q: Do | need to recalibrate these sensors often?

A: Both technologies are solid-state and generally drift-free. Recalibration is
usually only necessary if the process medium changes significantly (for radar) or if
the temperature compensation fails (for ultrasonic).

| Conclusion

The choice between ultrasonic vs radar is rarely about which technology is
superior in a vacuum, but rather which is best suited for the specific constraints of
the application. For standard water treatment and ambient-pressure liquid storage,
ultrasonic remains a reliable and cost-effective workhorse. However, as process
conditions become more demanding—involving high heat, extreme pressure, or
complex chemical vapors—radar technology provides the precision and robustness
required for modern industrial automation.

For engineers looking to optimize their level measurement strategy, reviewing the
detailed specifications of each instrument is the next logical step. To explore a
comprehensive range of industrial level measurement solutions, including radar
and ultrasonic options, visit the Main Page to review product options and
application support.
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