WELK | REFERENCE GUIDE

Dielectric Constant for Radar
Level Transmitter

A practical guide to dielectric constant for radar level transmitter, covering the
reader intent, the relationship to dielectric constant 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, the accuracy of level measurement is often
the difference between efficient process control and costly downtime. Among the
various technologies available, radar-based systems have become the industry
standard due to their non-contact nature and reliability in harsh environments.
However, the performance of these instruments is fundamentally governed by a
single physical property: the dielectric constant. Understanding the dielectric
constant for radar level transmitter applications is essential for any engineer or
technician involved in specifying, installing, or maintaining these systems.

This guide explores the relationship between dielectric properties and radar
performance, providing the technical context necessary to select the right Radar
Level Meters for specific industrial media.

| Measurement Principles of Radar Level Technology

Before delving into the specifics of dielectric properties, it is necessary to
understand how radar level meters function. Most industrial radar transmitters
operate using one of two primary methods: Pulse Radar (Time of Flight) or
Frequency Modulated Continuous Wave (FMCW).

| Time of Flight (ToF)

Pulse radar transmitters emit a short microwave signal toward the surface of the
medium. This signal travels at the speed of light. When the pulse hits the product
surface, a portion of the energy is reflected back to the sensor. The transmitter
measures the time elapsed between the emission and the reception of the pulse to
calculate the distance.

|Frequency Modulated Continuous Wave (FMCW)

FMCW radar transmits a continuous signal with a constantly changing frequency.
The difference between the frequency of the transmitted signal and the reflected
signal is proportional to the distance to the product surface. FMCW is generally
considered more accurate for complex applications because it provides a higher
signal-to-noise ratio.
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In both methods, the "reflectivity" of the surface is the critical factor. This
reflectivity is determined by the dielectric constant for radar level transmitter
calculations, often denoted by the symbol - (epsilon r).

|What is the Dielectric Constant (&.)?

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
level measurement, it determines how much of the radar's electromagnetic energy
will be reflected by the material and how much will be absorbed or transmitted
through it.

High Dielectric Materials: Materials with high &- values (such as water) are
excellent reflectors. They bounce most of the radar energy back to the sensor,
resulting in a strong, clear signal.

Low Dielectric Materials: Materials with low &r values (such as hydrocarbons, oils,
or plastic pellets) are poor reflectors. A significant portion of the radar signal
penetrates the material, leaving only a weak reflection for the sensor to detect.

| The Role of Dielectric Constant in Signal Strength

The reflection coefficient (') at the interface of two media can be simplified by the
following relationship:

\[ I =\frac{\sqrt{e{r2}} -\sqrt{e{rl}}}{\sqrt{e{r2}} + \sart{e{r1}}}\]

Where £n is the dielectric constant of the vapor space (usually air, which is
approximately 1.0) and &rz is the dielectric constant of the product.

As the dielectric constant of the product decreases, the difference between the
two media becomes smaller, and the reflected signal strength drops. For example,
water (er = 80) reflects about 80% of the incident energy, whereas a typical oil (&r
~ 2.1) might reflect only 5% to 10%. This is why the dielectric constant for radar
level transmitter selection is the first question an application engineer will ask.
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Practical Selection Table: Common Media Dielectric
Constants

When selecting Radar Level Meters, engineers refer to standardized tables to
estimate signal reliability. Below are typical &- values for common industrial
substances at 20°C (68°F):

Dielectric Constant Signal Strength Recommended
(er) Radar Type
Deionized Water 80 Excellent Non-contact or
Guided Wave
Sulfuric Acid 84 Excellent Non-contact (PTFE
coated)
Methanol 33 Very Good Non-contact
Grain / Corn 3.0-5.0 Moderate High-frequency

Non-contact

Crude Qil 2.1 Weak Guided Wave or
High-Gain FMCW

Plastic Pellets 1.5-20 Very Weak Guided Wave Radar
(GWR)

Liquefied Gas (LPG) 1.6-1.9 Very Weak Guided Wave Radar
(GWR)

Note: Dielectric constants can change based on temperature and moisture
content. For solids, bulk density also plays a significant role in the effective «-.

Choosing Between Non-Contact and Guided Wave
Radar

The dielectric constant is the primary decider between using a non-contact
(free-space) radar and a Guided Wave Radar (GWR).
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| Non-Contact Radar

Non-contact radar level meters are ideal for corrosive, hygienic, or extremely hot
materials because the sensor does not touch the medium. However, because the
signal spreads out in a cone shape, the energy density decreases with distance. If
the dielectric constant for radar level transmitter application is below 2.0, a
non-contact radar may struggle to distinguish the surface echo from background
noise unless the vessel is small and the surface is calm.

| Guided Wave Radar (GWR)

GWR uses a physical probe (cable or rod) to guide the microwave signal directly to
the surface. This prevents signal dispersion and ensures that more energy reaches
the product. GWR is significantly more effective for low dielectric materials (&r <
1.9) because it concentrates the pulse energy. Furthermore, GWR can be used for
interface measurement (e.g., the boundary between oil and water) because the
signal can penetrate the upper low-dielectric layer and reflect off the lower
high-dielectric layer.

| Installation Considerations for Low Dielectric Media

When dealing with a low dielectric constant for radar level transmitter setup,
installation precision becomes paramount. Weak signals are easily lost if the
environment is not optimized.

1. Nozzle Height and Diameter: For non-contact radar, the nozzle should be as
short as possible. Long, narrow nozzles create internal reflections (ringing) that
can mask the weak echo from a low-dielectric product.

2. Obstructions: Internal tank structures like ladders, agitators, or heating coils
create "parasitic echoes.” While modern software can map these out, a weak
signal from a low &r product is more likely to be confused with these obstructions.
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3. Bottom Echo Interference: In tanks with low-dielectric liquids, the radar signal
may pass through the liquid, hit the bottom of the tank, and return to the sensor. If
the liquid level is low, the sensor might mistake the tank bottom for the product
surface. This is known as the "transparency effect."

4. Surface Turbulence: If a low-dielectric liquid is also turbulent or foaming, the
signal reflection is scattered further. In these cases, a stilling well or a Guided
Wave Radar is usually required.

| Limitations and Challenges

While radar is highly versatile, there are specific boundaries defined by physics:

The 1.4 &r Threshold: Most standard radar transmitters require a minimum
dielectric constant of 1.4 to 1.5 to function reliably. Below this, the reflection is
typically too weak for industrial-grade sensors to detect consistently.

Conductive Dust and Coatings: If a material is conductive and coats the antenna or
the GWR probe, it can cause signal attenuation or false readings. In these cases,
purging systems or specialized antenna designs are necessary.

Vapor Phase Changes: While radar is mostly unaffected by pressure and
temperature, extremely high-pressure steam can change the dielectric constant of
the air in the tank, slightly slowing down the radar signal and causing a small
measurement error. High-end Radar Level Meters include compensation
algorithms for these conditions.

|Frequent|y Asked Questions (FAQs)

1. Does the dielectric constant change with
temperature?

Yes. For most liquids, the dielectric constant decreases as temperature increases.
This is particularly important in high-temperature chemical reactors where a
product that is easy to measure at ambient temperature may become difficult to
track at 200°C.
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2. Can | measure the level of a material if |l don't
know its dielectric constant?

If the material is water-based or a strong acid/base, the ¢ is usually high enough
that the exact value doesn't matter. For oils, solvents, and dry solids, it is best to
consult a dielectric table or perform a bench test with a sample before final
instrument selection.

3. How does foam affect the dielectric constant
measurement?

Foam is a mixture of air (- = 1) and the product. If the foam is light and airy, the
radar may see right through it to the liquid. If the foam is dense and conductive, it
may reflect the signal prematurely, giving a false high level. The dielectric
constant of the foam itself is usually much lower than the liquid it originates from.

| 4. Why is GWR better for low dielectric constants?

GWR keeps the electromagnetic energy confined to a small area around the probe.
This prevents the "inverse square law" sighal loss that happens with free-space
radar, allowing the transmitter to detect much weaker reflections.

| Conclusion

The dielectric constant for radar level transmitter performance is the most critical
variable in application engineering. By understanding how &r influences signal
reflection, engineers can make informed decisions between non-contact and
guided wave technologies, ensuring long-term accuracy and reliability.

When specifying a system, always verify the minimum dielectric constant of your
process media under all operating temperatures. For challenging applications
involving low-reflectivity hydrocarbons or complex solids, choosing a
high-sensitivity FMCW radar or a robust guided wave system is the best path
toward process safety and efficiency.
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For technical assistance in selecting the appropriate frequency and probe
configuration for your specific dielectric requirements, explore the latest industrial
Radar Level Meters designed for high-precision process environments.
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