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A practical guide to dielectric constsnt, covering the reader intent, the relationship
to dielectric constsnt, 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 field of industrial process control, the dielectric constsnt (relative
permittivity) is perhaps the most critical physical property to consider when
selecting and calibrating level measurement instruments. Whether managing a
chemical storage tank, a water treatment facility, or a complex oil-water
separator, understanding how a medium interacts with electromagnetic energy
determines the accuracy and reliability of the resulting data.

For engineers and procurement specialists, the dielectric constsnt is not merely a
theoretical value; it is the primary factor that dictates whether a non-contact radar
will "see" the surface of a liquid or if a guided wave radar (GWR) probe is required
to concentrate the signal. This guide provides a comprehensive technical overview
of dielectric properties, their impact on measurement technologies, and practical
selection criteria for industrial applications.

| Understanding the Measurement Principle

To understand the role of the dielectric constsnt, one must first look at how
radar-based level meters function. Radar level transmitters emit electromagnetic
pulses or continuous waves that travel through the air (or vapor space) and reflect
off the surface of the process medium.

The dielectric constsnt ($er$) is a dimensionless measure of a material's ability to
store electrical energy in an electric field compared to a vacuum. A vacuum has a
dielectric constant of 1.0. Air is very close to this, approximately 1.0005.

| Reflection and Signal Strength

When an electromagnetic wave encounters a change in the dielectric constant, a
portion of the energy is reflected back to the sensor, while the remainder
penetrates the medium. The strength of this reflection is directly proportional to
the difference between the dielectric constant of the upper medium (usually air or
vapor) and the lower medium (the product being measured).

The reflection coefficient ($I'$) can be simplified by the following relationship:
$$r = \frac{\sqrt{e{r2}} - \sqrt{e{r1}}}{\sqrt{e{r2}} + \sqrt{e{r1}}}$$

Where:
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$e{rl}$ is the dielectric constant of the upper medium (air = 1).
$e{r2}$ is the dielectric constant of the process material.

Materials with a high dielectric constsnt, such as water (er = 80), reflect a large
percentage of the signal, making them very easy to measure. Conversely,
materials with a low dielectric constsnt, such as liquid hydrocarbons or plastic
pellets (er = 1.5 to 2.5), reflect very little energy, requiring more sensitive
electronics and specialized antenna designs found on the Main Page of
professional instrumentation catalogs.

| Impact on Different Level Technologies

Different measurement technologies react differently to the dielectric constsnt of
the medium. Selecting the wrong technology for a low-dielectric fluid is a common
cause of signal loss and measurement drift.

|Non-Contact Radar (FMCW and Pulse)

Non-contact radar transmitters are highly dependent on the reflection from the
surface.

High Dielectric (er > 10): These materials provide a robust return signal. Standard
26 GHz or 80 GHz radars can easily track these surfaces even with moderate foam
or turbulence.

Low Dielectric (er 1.4 to 3): These materials are challenging. The radar signal often
passes through the surface and reflects off the bottom of the tank instead. To
measure these, engineers must use high-frequency radar (80 GHz) with focused
beams or larger horn antennas to maximize the returned energy.

| Guided Wave Radar (GWR)

Guided wave radar uses a physical probe (rod or cable) to guide the
electromagnetic pulse directly to the surface. Because the energy is concentrated
around the probe rather than spreading out in a cone, GWR is significantly more
effective for low dielectric constsnt fluids.
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Threshold: GWR can typically measure materials with a dielectric constant as low
as 1.2.

Interface Measurement: GWR is the industry standard for measuring the interface
between two liquids (e.g., oil over water). This is only possible if the upper liquid
has a lower dielectric constant than the lower liquid, allowing the pulse to pass
through the top layer and reflect off the boundary of the second.

| Dielectric Constsnt Reference Table

When specifying a level meter, engineers should refer to standardized tables to
determine the expected signhal strength. Below are common industrial materials
and their approximate dielectric constants at 20°C.

m Dielectric Constant (zr) Recommended Technology

Vacuum 1.0 N/A

Air 1.0005 N/A

Liquid Propane 16-1.9 GWR or High-Sensitivity
Radar

Diesel Fuel 2.1 GWR or 80 GHz Radar

Crude Qil 2:0-2.5 GWR or 80 GHz Radar

Edible Qil 2:5 - 3.5 Non-contact Radar

Ammonia (Anhydrous) 15-25 Non-contact Radar

Ethanol 24 - 26 Non-contact Radar

Glycerin 40 - 50 Non-contact Radar

Water 80 Any Radar / Ultrasonic

Sulfuric Acid 84 - 100 Non-contact Radar (Corrosion
Resistant)
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Note: Values are approximate. Temperature and moisture content can significantly
alter the dielectric constsnt of solids and some liquids.

| Selection Criteria and Practical Evaluation

Choosing a level meter based on the dielectric constsnt involves more than just
looking at a table. Practical environmental factors must be considered during the
evaluation phase.

| 1. Surface Conditions

Turbulence, foam, and ripples scatter the radar signal. If a material has a low
dielectric constsnt and a turbulent surface, the reflected signal may fall below the
noise floor of the instrument. In such cases, a stilling well or a GWR probe is
mandatory to ensure the signhal remains detectable.

|2. Vapor Space Composition

The dielectric constsnt of the vapor space is usually assumed to be 1.0. However,
in high-pressure applications (e.g., high-pressure steam boilers), the dielectric
constant of the vapor can increase. This slows down the speed of the radar pulse,
leading to a "propagation delay" that makes the tank appear fuller than it actually
is. Advanced transmitters include compensation algorithms for these
high-dielectric vapors.

| 3. Coating and Buildup

For GWR, if a material with a high dielectric constsnt (like a water-based slurry)
coats the probe, the instrument may detect the coating instead of the actual level.
In contrast, non-contact radar is less affected by probe buildup but can be hindered
by heavy condensation on the antenna lens. Hydrophobic lens covers (PTFE/PP) are
often used to mitigate this.
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| Installation Considerations

To ensure the dielectric constsnt does not negatively impact measurement
accuracy, follow these installation guidelines:

Avoid Obstructions: Internal tank structures (ladders, agitators, pipes) have a high
dielectric constsnt (metal = «). If the radar beam hits these, the reflection will
drown out the signal from a low-dielectric process fluid. Ensure a clear "line of
sight" to the liquid surface.

Nozzle Geometry: For low dielectric fluids, the nozzle height should be kept to a
minimum. Long, narrow nozzles create internal reflections (ringing) that can
interfere with the surface signal, especially when the dielectric constsnt of the
product is low.

Bottom Reflections: When measuring thin layers of low-dielectric liquids, the radar
may see the tank bottom. This is known as the "bottom echo." Sophisticated
software can map out the tank bottom and ignore it, but a minimum liquid height
(typically 50 mm to 100 mm) is usually required for a stable reading.

| Limitations and Risks

While radar technology is versatile, the dielectric constsnt imposes physical limits
that cannot be ignored:

1. The 1.2 Limit: Most industrial radar sensors struggle to detect any material with
a dielectric constsnt below 1.2. In these rare cases, hydrostatic pressure or
mechanical float-based systems are preferred.

2. Conductivity vs. Dielectric: It is a common misconception that conductivity and
dielectric constant are the same. While many conductive liquids (like acids) have
high dielectric constants, some non-conductive materials (like pure water) also
have high dielectrics. Always use the dielectric value for radar selection, not
conductivity.

3. Temperature Sensitivity: The dielectric constsnt of many liquids decreases as
temperature increases. A system that works perfectly at 20°C might lose the signal
at 150°C if the dielectric value drops near the instrument's sensitivity threshold.
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| Frequently Asked Questions (FAQs)

Q: Can | measure the level of a powder or solid using dielectric properties?

A: Yes. However, the effective dielectric constsnt of bulk solids is much lower than
the solid material itself because of the air gaps between particles. For example,
solid nylon has a dielectric of 3.0, but nylon powder may only have an effective
dielectric of 1.7.

Q: How does moisture affect the dielectric constsnt of solids?

A: Moisture significantly increases the dielectric value. Even a 5% increase in
moisture in grain or sand can double the reflected signal strength, which may
require recalibration of the sensitivity settings.

Q: What is the "End of Probe" (EoP) algorithm?

A: This is a feature in GWR transmitters used for extremely low dielectric fluids.
Instead of measuring the reflection from the surface, the instrument measures the
shift in the reflection from the end of the probe. Since the pulse slows down as it
passes through the medium, the time-of-flight to the end of the probe changes,
allowing the level to be calculated indirectly.

Q: Does the dielectric constsnt affect ultrasonic level sensors?

A: No. Ultrasonic sensors use sound waves, which reflect based on density
changes, not electrical properties. However, ultrasonics are limited by vacuum,
high pressure, and heavy vapors, where radar excels.
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| Conclusion

The dielectric constsnt is the foundation of radar-based level measurement. By
accurately identifying the $er$ value of the process medium, engineers can make
informed decisions between non-contact radar and guided wave radar, ensuring
long-term operational stability. For complex applications involving low-dielectric
fluids or interface measurement, consulting technical specifications and selecting
high-sensitivity equipment is essential. For more information on specific instrument
capabilities and customized solutions, professionals are encouraged to review
product options and application support on the Welk Main Page.
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