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Dielectric Constant Required
for Radar Level Transmitter

A practical guide to dielectric constant required for radar level transmitter,
covering the reader intent, the relationship to dielectric constant required for radar
level transmitter, 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 automation, selecting the appropriate instrumentation for
liquid and solid level monitoring requires a deep understanding of the physical
properties of the medium being measured. Among these properties, the dielectric
constant ($er$) stands as the most critical factor influencing the performance of
radar-based systems. Whether utilizing non-contact or guided wave technology,
the dielectric constant required for radar level transmitter operation determines
signal reliability, accuracy, and the maximum measurable range.

For engineers and plant managers, understanding how this electrical property
interacts with electromagnetic waves is essential for ensuring process safety and
efficiency. This guide examines the principles of radar measurement, the specific
dielectric requirements for various radar technologies, and practical selection
criteria for challenging industrial environments.

| Measurement Principles of Radar Level Meters

Radar level instruments operate on the principle of Time of Flight (ToF). The device
emits high-frequency electromagnetic pulses (or a continuous wave in FMCW
systems) toward the surface of the material. When these waves encounter a
change in the dielectric constant—specifically the interface between the air (with a
dielectric constant of approximately 1) and the process medium—a portion of the
energy is reflected back to the sensor.

| The Role of Reflection

The strength of the reflected signal is directly proportional to the difference
between the dielectric constants of the two media. The reflection coefficient ($R$)
can be simplified as:

$$R = \frac{\sqrt{er} - 1}{\sqrt{er} + 1}$%

Where $er$ is the relative permittivity (dielectric constant) of the medium. A high
dielectric constant, such as that of water ($er = 80%), produces a very strong
reflection, making it easy for Radar Level Meters to detect the surface. Conversely,
hydrocarbons and solvents often have low dielectric constants ($er < 2$), resulting
in weak reflections that require more sensitive electronics and specialized antenna
designs.
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Defining the Dielectric Constant Required for Radar
Level Transmitter

The minimum dielectric constant required for radar level transmitter functionality
varies based on the specific technology used. Modern industrial radar systems
generally fall into two categories: Non-contact (Free-space) Radar and Guided
Wave Radar (GWR).

| Non-Contact Radar Requirements

Non-contact radar transmitters emit signals through the air. Because the signal
spreads as it travels (the inverse square law), the energy returning to the sensor is
significantly attenuated.

High-Frequency Radar (80 GHz): These modern devices use narrow beam angles
and advanced signal processing. They can typically measure media with a
dielectric constant as low as 1.4. Their ability to focus energy makes them suitable
for low-dielectric liquids in small tanks.

Standard Frequency Radar (26 GHz): These are versatile but generally require a
dielectric constant of 2.0 or higher for reliable measurement over long distances. If
the surface is turbulent, this requirement may increase to 3.0.

|Guided Wave Radar (GWR) Requirements

GWR utilizes a physical probe (rod, cable, or coaxial) to guide the electromagnetic
pulse directly to the surface. This prevents signal dispersion and allows for much
higher sensitivity.

Standard Probes: Can typically handle a dielectric constant down to 1.6.

Coaxial Probes: By confining the signal within a tube, coaxial probes can measure
materials with a dielectric constant as low as 1.2. This is often the preferred choice
for liqguefied gases and high-purity solvents.

Welk Reference Guide 3



WELK REFERENCE GUIDE Dielectric Constant Required for Radar Level Transmitter

Practical Selection Table: Media vs. Dielectric
Constant

When specifying a transmitter, it is helpful to reference common industrial
materials and their typical dielectric values. The following table provides a
guideline for the dielectric constant required for radar level transmitter selection
across various media.

Medium Type Typical Dielectric Recommended Reflection Strength
Constant ($&r$) Radar Technology
Water-based Liquids 40 - 80 Non-contact or GWR Excellent
Acids / Alkalis 10 - 40 Non-contact (PTFE Strong
wetted)
Alcohols 10 - 25 Non-contact or GWR Good
Vegetable Oils 25-5 GWR or 80GHz Moderate

Non-contact

Diesel / Fuel QOil 2l | GWR or 80GHz Weak
Non-contact

Benzene / Toluene 20-23 GWR (Coaxial) Very Weak
Liquefied Gas (LPG) 112k 1L GWR (Coaxial) Extremely Weak
Plastic Pellets 1.1.- 2.0 High-frequency Poor

Non-contact

| Factors Influencing Signal Integrity

While the dielectric constant is the primary metric, other process conditions can
effectively lower the "apparent" dielectric constant, requiring a more robust
transmitter than the raw $er$ value suggests.
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| 1. Surface Turbulence

If the liquid surface is agitated by mixers or high-velocity inflows, the radar signal
will scatter in multiple directions. For a low-dielectric medium like oil, turbulence
can cause the sighal to drop below the detection threshold. In such cases, a GWR
or a non-contact radar mounted in a stilling well is required.

| 2. Foam Accumulation

Foam is a mixture of air and liquid. Depending on its density and conductivity,
foam can either absorb the radar signal, reflect it prematurely, or allow it to pass
through entirely. For low-dielectric media, heavy foam often necessitates the use
of Guided Wave Radar, which is less affected by surface conditions than free-space
systems.

| 3. Dust and Vapor

In solid level measurement (e.g., plastic powders), dust can attenuate
high-frequency signals. While the dielectric constant required for radar level
transmitter use in solids is usually above 1.5, the presence of heavy dust might
require a lower frequency (26 GHz) radar with a high-gain antenna to penetrate
the atmosphere.

| Installation Considerations for Low Dielectric Media

When the medium's dielectric constant is near the lower limit of the transmitter's
capability, installation quality becomes paramount.

1. Antenna Selection: For non-contact systems, larger horn antennas or lens
antennas provide higher gain, which is vital for capturing weak reflections from low
$er$ liquids.

2. Stilling Wells and Bypass Chambers: For liquids with $er < 2%, installing a
non-contact radar inside a metal pipe (stilling well) acts similarly to a coaxial GWR
probe. It prevents signal spreading and eliminates surface foam/turbulence issues.
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3. Nozzle Geometry: Ensure the mounting nozzle is short and smooth. For low
dielectric materials, internal reflections from a long or rough nozzle can create
"noise" that masks the small reflection from the product surface.

4. Bottom Reflections: In tanks containing low dielectric liquids, the radar signal
may pass through the liquid and reflect off the tank bottom. Advanced transmitters
use "Bottom Echo Tracking" to maintain a reading even when the surface signal is
extremely weak.

| Limitations and Prohibitions

It is important to note that radar technology is not universal. If the dielectric
constant of a material is below 1.2, standard radar level transmitters may fail to
provide a stable reading. In these rare instances, mechanical level measurement
(such as magnetic level gauges) or hydrostatic pressure transmitters may be more
appropriate, provided the density of the medium is constant.

Furthermore, radar cannot measure through metal. If a tank is completely sealed
with a metal lid and no nozzle is available, an internal installation or an alternative
technology is required. Radar waves also cannot penetrate conductive foams; they
will reflect off the top of the foam rather than the liquid surface.

| Frequently Asked Questions (FAQs)

Q: Can a radar transmitter measure the level of a material with a dielectric
constant of 1.0?

A: No. A dielectric constant of 1.0 is the value for a vacuum (and approximately for
air). There must be a difference in dielectric constants for a reflection to occur. The
absolute minimum for specialized GWR is typically 1.2.

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 25°C might become "invisible"
to the radar at 200°C.
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Q: How does the dielectric constant affect interface measurement?

A: In interface applications (e.g., oil over water), the upper medium must have a
lower dielectric constant than the lower medium. The radar signal passes through
the low $er$ upper layer (like oil) and reflects off the high $er$ lower layer (like
water). The upper layer must have a dielectric constant typically below 10 for the
signal to penetrate effectively.

| Conclusion

The dielectric constant required for radar level transmitter operation is the
fundamental boundary for successful level measurement. While high-dielectric
media like water offer significant flexibility, low-dielectric hydrocarbons and gases
demand precise instrument selection and careful installation. By matching the
technology—whether 80 GHz non-contact or coaxial guided wave—to the dielectric
properties of the process medium, engineers can achieve reliable,
maintenance-free level control in even the most challenging industrial applications.
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