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What Is a Dielectric Constant

A practical guide to what is a dielectric constant, covering the reader intent, the
relationship to what is a dielectric constant, 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, particularly regarding level measurement,
the dielectric constant is one of the most critical physical properties to understand.
Whether an engineer is specifying a radar level meter, a capacitance probe, or a
guided wave radar (GWR) system, the dielectric constant of the medium directly
dictates the reliability and accuracy of the measurement.

This guide explores the technical definition of the dielectric constant, its physical
implications in level sensing technologies, and practical considerations for
selecting instrumentation based on material properties.

Understanding the Physics: What Is a Dielectric
Constant?

Technically known as relative permittivity ($er$), the dielectric constantis a
dimensionless ratio that represents the ability of a material to store electrical
energy in an electric field compared to a vacuum. In a vacuum, the dielectric
constant is defined as 1.0. All other materials have a value greater than 1.0.

From a molecular perspective, when a material is placed within an electric field, its
molecules polarize. In a material with a high dielectric constant, the molecules
align easily with the field, effectively "absorbing" or resisting the passage of the
field. In the context of level measurement, this property determines how
electromagnetic waves (like radar) interact with the surface of a liquid or solid, and
how much energy is reflected back to the sensor.

The Relationship Between Dielectric and
Conductivity

It is important to distinguish between a dielectric constant and electrical
conductivity. While conductive materials (like acids or salt water) often have high
dielectric constants, the two are not the same. The dielectric constant relates to
the polarization of the medium, whereas conductivity relates to the flow of free
electrons. For most level measurement technologies, the dielectric constant is the
primary metric used to determine signal strength.
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The Role of Dielectric Constant in Radar Level
Measurement

Radar level transmitters, both non-contact and guided wave, rely on the reflection
of electromagnetic pulses. When a radar pulse traveling through air ($er = 13%$) hits
the surface of a process medium with a different dielectric constant, a portion of
the energy is reflected back to the transmitter.

| The Reflection Coefficient

The strength of the reflected signal is determined by the difference between the
dielectric constant of the upper medium (usually air or nitrogen) and the lower
medium (the product). The reflection coefficient (I') can be simplified by the
following relationship:

$$I = \frac{\sqrt{e2} - \sqrt{el} }{\sqrt{e2} + \sqrt{el}}$$
Where:

€1 is the dielectric constant of the vapor space (typically 1.0).
€2 is the dielectric constant of the product.

A higher dielectric constant results in a stronger reflection. For example, water has
a dielectric constant of approximately 80 at 20°C (68°F), which reflects nearly 80%
of the radar signal energy. In contrast, hydrocarbons like oil or fuel often have
dielectric constants between 1.8 and 2.5, reflecting only a small fraction of the
signal.

| Signal Attenuation and Low Dielectric Media

When the dielectric constant is very low (less than 1.4), the radar signal may pass
through the product surface and reflect off the bottom of the tank instead. This is
known as the "low dielectric challenge." In such cases, engineers must use
high-frequency radar (such as 80 GHz systems) or Guided Wave Radar, which
concentrates the energy along a physical probe to maximize the return signal.
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|Impact on Capacitance Level Sensors

Capacitance level measurement operates on the principle of a capacitor. A
capacitor consists of two conductive plates separated by an insulator (the
dielectric). In a typical installation, the sensor probe acts as one plate, and the
tank wall (if metallic) acts as the second plate.

The capacitance (C) of the system is defined by:

$$C = €0 er \frac{A}{d}$%

Where:

€o is the permittivity of free space.

er is the dielectric constant of the material between the plates.
A is the area of the plates.

d is the distance between the plates.

As the level of the material rises, it replaces the air (low €r) with the process
product (higher €r). This change causes a proportional increase in the measured
capacitance. If the dielectric constant of the material is unstable—due to
temperature fluctuations or changes in chemical composition—the capacitance
measurement will drift, leading to inaccuracies. Therefore, capacitance sensors
are best suited for applications where the dielectric constant remains constant.

Practical Selection Table: Common Materials and
Dielectric Constants

When selecting a level meter, engineers should refer to the dielectric constant of

the specific media. The following table provides approximate values for common
industrial materials at room temperature.
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m Dielectric Constant (zr) Recommended Technology

Vacuum / Air 1.0 N/A

Propane (Liquid) 1.6 Guided Wave Radar (GWR)

Diesel Fuel 2kl GWR or High-Freq Radar

Mineral Qil 2.3 GWR or High-Freq Radar

Grain / Corn 3.0 -5:0 80 GHz Radar

Sand / Silica 4.0 Radar or Capacitance

Alcohol (Ethanol) 24.0 Non-contact Radar

Water (Pure) 80.0 Non-contact Radar

Sulfuric Acid 84.0 Non-contact Radar (Corrosion
Resistant)

Note: Values are approximate and can vary based on temperature, moisture
content, and pressure.

Engineering Considerations for Low Dielectric
Applications

When dealing with materials where the dielectric constant is low (typically er <
2.0), standard non-contact radar may struggle to distinguish the surface from
background noise. In these scenarios, several engineering strategies are
employed:

1. Guided Wave Radar (GWR): By using a rod or cable probe, the radar energy is
contained in a small area around the probe. This significantly increases the
signal-to-noise ratio, allowing for the measurement of materials with dielectric
constants as low as 1.2.
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2. Stilling Wells and Bypass Chambers: For non-contact radar, installing the sensor
inside a vertical pipe (stilling well) prevents the signal from spreading. This focuses
the energy on the product surface and eliminates interference from tank internals

like agitators or ladders.

3. Increased Frequency: Higher frequency radar (e.g., 80 GHz) produces a
narrower beam and a shorter wavelength, which can improve the detection of
weak reflections from low-dielectric surfaces.

4. Bottom Tracking: Some advanced radar meters can track the reflection from the
tank bottom. By measuring the time delay caused by the signal passing through
the product (which travels slower than in air), the device can calculate the level
even if the surface reflection is lost.

For more information on specific instrument capabilities and to explore various
measurement technologies, engineers can consult the Main Page to review product
options and application support.

| Limitations and Environmental Influences

While the dielectric constant is a fundamental property, it is not always static.
Several factors can influence the effective er of a material during process
operations:

Temperature: For many liquids, the dielectric constant decreases as temperature
increases. For instance, the dielectric constant of water drops from 80 at 20°C to
approximately 55 at 100°C (212°F). This can impact the calibration of capacitance
sensors.

Moisture Content: In solids and powders (like grain or plastic pellets), even a small
increase in moisture can drastically raise the dielectric constant. This is because
water (er = 80) has a much higher value than the dry solid.

Phase Changes and Steam: In high-pressure steam applications (such as boiler
drum level), the dielectric constant of the steam space increases. This slows down
the radar signal, causing a "distance error" where the level appears lower than it
actually is. Compensation algorithms are required for these applications.
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Foam: Foam is a mixture of liquid and gas. Depending on the density and dielectric
of the foam, a radar signal may reflect off the top of the foam, pass through it to
the liquid, or be completely absorbed.

Installation Checklist for Dielectric-Sensitive
Applications

To ensure a successful installation, consider the following checklist when the
dielectric constant is a concern:

Confirm the Minimum Dielectric: Always check the manufacturer's minimum er
specification for the chosen device. Most modern radars support er down to 1.4 or
1.6.

Evaluate Surface Conditions: Turbulence and ripples scatter radar signals. If the
dielectric is already low, turbulence may cause total signal loss. Use a stilling well
if necessary.

Check Nozzle Geometry: For non-contact radar, ensure the nozzle is short and
wide enough to prevent the signal from reflecting off the nozzle walls, which can
mask the weak reflection from a low-dielectric product.

Probe Selection: For GWR, choose a coaxial probe for the lowest dielectric liquids,
as it provides the most efficient signal transmission and is unaffected by nearby
tank walls or obstacles.

| Frequently Asked Questions (FAQ)

Q: Can | measure the level of a material with a dielectric constant of 1.07?

No. A dielectric constant of 1.0 represents a vacuum. Since there is no difference
in permittivity between the "air" and the "product,” no reflection will occur for
radar, and no change in capacitance will occur for capacitance probes.

Q: Does the dielectric constant affect ultrasonic level sensors?
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No. Ultrasonic sensors use sound waves, which are mechanical waves. They rely
on the density and acoustic impedance of the material, not electrical properties.
However, ultrasonic sensors have other limitations, such as sensitivity to
temperature gradients and vacuum conditions.

Q: How do | find the dielectric constant of a proprietary chemical blend?

If the value is not in standard tables, it can be measured using a dielectric constant
meter in a laboratory setting. Alternatively, for radar applications, one can perform
a "bench test" by seeing if the radar can detect the surface in a controlled
container.

Q: Why does Guided Wave Radar work better for low dielectric materials?

In non-contact radar, the signal spreads out in a cone. In GWR, the
electromagnetic pulse is "guided" along a metal probe. This prevents the energy
from dispersing, ensuring that even a 1% or 2% reflection is strong enough to be
detected by the sensor's electronics.

| Conclusion

Understanding what is a dielectric constant is essential for any engineer involved
in liquid or solid level measurement. It serves as the primary factor in determining
whether a radar or capacitance-based system will function reliably. By accurately
identifying the dielectric properties of the process media and accounting for
environmental variables like temperature and moisture, users can select the most
cost-effective and accurate measurement solution for their specific application.

For technical assistance in selecting the right level measurement technology for
your specific dielectric requirements, please visit the Main Page for comprehensive
engineering resources and product data.
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