WELK | REFERENCE GUIDE

Radar Level Transmitter
Dielectric Constant

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

level-measurement
Main topic: Radar Level Meters
https://www.level-meters.com/products/radar-level-meters/
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In the field of industrial process control, the accuracy of level measurement is
often the difference between operational efficiency and costly downtime. Among
the various technologies available, Radar Level Meters have emerged as a
preferred solution due to their non-contact nature and reliability in harsh
environments. However, the performance of these instruments is fundamentally
governed by a physical property of the medium being measured: the dielectric
constant ($er$).

Understanding the relationship between a radar level transmitter dielectric
constant and signal reflection is critical for engineers and technicians tasked with
selecting, installing, and maintaining level measurement systems. This guide
explores the principles of radar technology, how dielectric properties influence
measurement accuracy, and practical selection criteria for various industrial
applications.

| The Physics of Radar Level Measurement

To understand why the dielectric constant is so significant, one must first
understand the basic operating principle of radar level transmitters. Most industrial
radar units utilize either Pulse Radar or Frequency Modulated Continuous Wave
(FMCW) technology.

| Time of Flight (ToF) Principle

Radar level meters emit electromagnetic pulses or continuous wave signals from
an antenna toward the surface of the material. These waves travel at the speed of
light. When the signal encounters a change in the medium—specifically a change
in the dielectric constant—a portion of the electromagnetic energy is reflected
back toward the sensor.

The instrument measures the time it takes for the signal to travel to the surface
and back (the "Time of Flight"). Since the speed of the wave is constant, the
distance to the product surface can be calculated using the formula:

Distance = (Speed of Light x Time of Flight) / 2
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| The Role of Reflection

The success of this measurement depends entirely on the strength of the reflected
signal (the echo). The amount of energy reflected at the interface of two media is
determined by the difference in their dielectric constants. In most industrial tanks,
the upper medium is air or nitrogen (with a dielectric constant of approximately
1.0), and the lower medium is the process liquid or solid.

|What is the Dielectric Constant (&r)?

The dielectric constant, or relative permittivity, is a dimensionless measure of a
material's ability to store electrical energy in an electric field. In the context of
radar level measurement, it indicates how much electromagnetic energy a
material will reflect versus how much it will absorb or allow to pass through.

High Dielectric Materials (er > 10): These materials reflect a large percentage of
the radar signal. Water, with a dielectric constant of approximately 80 at room
temperature, is an excellent reflector. Most aqueous solutions, acids, and bases
fall into this category.

Medium Dielectric Materials (er 3 to 10): These provide a moderate reflection.
Examples include various chemicals, alcohols, and some granular solids.

Low Dielectric Materials (er < 3): These materials are poor reflectors. Most
hydrocarbons, oils, solvents, and liquefied gases (like LPG or LNG) have low
dielectric constants. A significant portion of the radar signal may pass through the
material rather than reflecting off the surface.

Impact of Radar Level Transmitter Dielectric
Constant on Performance

When specifying Radar Level Meters, the dielectric constant of the target medium

is the primary factor in determining the maximum measurable range and the
required antenna type.
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| Signal-to-Noise Ratio (SNR)

For materials with a low radar level transmitter dielectric constant, the reflected
signal is weak. If the reflection is too faint, the transmitter may struggle to
distinguish the true level from background "noise" caused by tank internal
structures (ladders, agitators), surface turbulence, or foam. This results in a low
Signal-to-Noise Ratio, which can lead to intermittent signal loss or inaccurate
readings.

| Sensitivity and Thresholds

Modern radar transmitters allow for the adjustment of sensitivity thresholds. For
low er fluids, the threshold must be lowered to catch the weak echo. However,
lowering the threshold increases the risk of the transmitter locking onto false
echoes from the tank walls or bottom. This is why understanding the dielectric
properties during the engineering phase is vital for successful commissioning.

| Bottom Echo Tracking

In applications involving very low dielectric liquids in shallow tanks, the radar
signal may pass through the liquid, reflect off the tank bottom, and return to the
sensor. If the transmitter is not configured to account for the dielectric constant of
the medium, it might erroneously report the tank bottom as the liquid level or
provide a combined signal that introduces error.

Practical Selection Table: Dielectric Constant vs.
Technology

Choosing the right instrument requires matching the radar frequency and antenna
design to the material's dielectric properties. The following table provides a
general reference for common industrial materials.
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Material Type Typical er Reflectivity Recommended

Radar Technology

Water / Aqueous 80 Excellent Non-contact (26GHz
Solutions or 80GHz)
Strong Acids / Alkalis 40 - 80 Excellent Non-contact with

PTFE/PFA lining

Alcohols 24 - 33 Good Non-contact or

(Ethanol/Methanol) Guided Wave Radar

Vegetable Oils 25-35 Poor/Fair Guided Wave Radar
or High-Gain

Non-contact

Diesel / Fuel Qil 2.1 Poor Guided Wave Radar
or Stilling Well
LPG / LNG 16-19 Very Poor Guided Wave Radar

with Coaxial Probe

Plastic Pellets / 105 - 215 Poor High-frequency
Powders Non-contact (80GHz)

|Guided Wave Radar (GWR) vs. Non-Contact Radar

When dealing with a low radar level transmitter dielectric constant, engineers
often choose between two primary radar architectures:

| 1. Non-Contact Radar

Non-contact radar (through-air) is ideal for corrosive or hygienic applications
where the sensor should not touch the medium. For low dielectric materials,
high-frequency radar (such as 80GHz) is preferred. The narrow beam angle of
80GHz radar concentrates the energy, providing a stronger reflection even from
materials with low permittivity.
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| 2. Guided Wave Radar (GWR)

GWR uses a physical probe (cable or rod) to guide the electromagnetic pulse
directly to the surface. Because the energy is concentrated around the probe
rather than spreading through the air, GWR is significantly more efficient at
measuring materials with low dielectric constants. GWR can reliably measure
liquids with er as low as 1.4. In extreme cases, a coaxial probe design can be used
to contain the signal entirely within a tube, maximizing the reflection from even
the most "transparent" fluids.

| Installation Considerations for Low Dielectric Media

To ensure reliable measurement when the radar level transmitter dielectric
constant is low, consider the following installation best practices:

1. Use of Stilling Wells: For non-contact radar in low €r liquids, installing the sensor
inside a stilling well (a vertical pipe) can help. The pipe acts as a waveguide,
preventing signal dispersion and eliminating surface turbulence, which increases
the returned signal strength.

2. Avoid Obstructions: Low dielectric signals are easily lost. Ensure the radar beam
path is clear of agitators, heating coils, and support beams. For 80GHz units, the
beam is narrow, making it easier to avoid these obstacles.

3. Nozzle Height and Diameter: Ensure the mounting nozzle is as short and wide as
possible to minimize "ringing" near the antenna, which can mask the weak echoes
from low dielectric materials.

4. Bottom Reflection Management: If the tank bottom is visible to the radar (low
liquid level + low €r), the transmitter software should be configured with a "tank
map" or "background suppression” to ignore the bottom echo.

| Limitations and Challenges

While radar technology is robust, certain conditions combined with a low dielectric
constant can present challenges:
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Heavy Foam: Foam can absorb radar signals. If the liquid has a low dielectric
constant and is covered in dense foam, the signal may be completely attenuated
before it reaches the liquid surface.

Turbulence: High turbulence scatters the radar signal. In low €r applications, this
scattering can reduce the already weak echo below the detectable threshold.

Condensation: While radar is generally unaffected by vapor, heavy condensation
on the antenna can attenuate the signal. In low-reflectivity applications, this
attenuation can be enough to cause signal loss.

| Frequently Asked Questions (FAQ)

Q: What is the minimum dielectric constant a radar level meter can measure?

A: Most high-performance non-contact radar meters can measure down to €r 1.9.
Guided Wave Radar (GWR) with a coaxial probe can often measure down to er 1.4
or lower, depending on the manufacturer's specifications.

Q: Does the dielectric constant change with temperature?

A: Yes. For many liquids, the dielectric constant decreases as temperature
increases. This is particularly important in high-temperature hydrocarbon
processing, where a material that is measurable at ambient temperature may
become difficult to track at process temperatures.

Q: Can | measure the level of a material if | don't know its dielectric constant?

A: For high dielectric materials like water-based liquids, the exact value is not
critical as long as it is above 10. For oils and solvents, you should consult a
dielectric constant table or perform a bench test to ensure the selected radar has
sufficient sensitivity.

Q: Does the dielectric constant affect the accuracy of the distance measurement?
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A: In non-contact radar, the dielectric constant of the vapor space (usually air)
affects the speed of light slightly, but this is negligible in most industrial
applications. However, in GWR, if the probe is submerged, the signal travels slower
through the medium. This principle is actually used in "interface measurement" to
detect the level of two different liquids in the same tank.

| Conclusion

The dielectric constant is the most influential factor in the success of a radar level
measurement installation. By accurately identifying the radar level transmitter
dielectric constant of the process medium, engineers can make informed decisions
between non-contact and guided wave technologies, select the appropriate
frequency, and implement installation strategies that ensure long-term reliability.
For complex applications involving low-reflectivity hydrocarbons or volatile
chemicals, consulting with a specialist manufacturer like Welk ensures that the
instrument's gain and sensitivity are perfectly matched to the application's
requirements.
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