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In the field of industrial process control, the dielectric constant ($er$) is a
fundamental parameter that determines the success and accuracy of level
measurement technologies, particularly radar and guided wave radar (GWR).
Understanding the unit of dielectric constant—or more accurately, its nature as a
dimensionless ratio—is essential for engineers and technicians tasked with
selecting the right instrumentation for liquid and solid storage tanks. This guide
explores the physical principles of dielectric properties, their impact on
measurement reliability, and practical selection criteria for industrial applications.

Measurement Principles and the Role of Dielectric
Properties

To understand the unit of dielectric constant, one must first understand how
electromagnetic waves interact with matter. Level measurement instruments like
radar sensors emit high-frequency electromagnetic pulses. When these pulses
travel through a medium (typically air or nitrogen in the vapor space) and strike
the surface of the process material, a portion of the energy is reflected back to the
sensor.

This reflection occurs because of the change in impedance at the boundary
between the two media. The dielectric constant, also known as relative
permittivity, is the primary factor governing this reflection. It represents the ratio
of the permittivity of a substance to the permittivity of a vacuum.

| The Physics of Reflection

In radar level measurement, the reflection coefficient ($p$) can be simplified for a
pulse hitting a surface at a perpendicular angle:

$$p = \frac{\sqrt{e{r2}} - \sqrt{e{rl}}}{\sart{e{r2}} + \sqrt{e{rl}}}$$
Where:

$e{rl}$ is the dielectric constant of the medium the wave is traveling through
(usually air, where $er = 1%).

$e{r2}$ is the dielectric constant of the process material.
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A higher dielectric constant results in a stronger reflected signal. For instance,
water has a high dielectric constant ($er = 80%), reflecting nearly all the radar
energy. Conversely, hydrocarbons like oil or diesel have low dielectric constants
($er = 1.9% to $2.1%), which allow much of the radar energy to penetrate the
surface, leaving only a weak signal to return to the sensor.

| Clarifying the Unit of Dielectric Constant

A common point of confusion in technical specifications is the specific unit of
dielectric constant. In physics, permittivity ($€$) is measured in Farads per meter
(F/m). However, the "dielectric constant" used in industrial instrumentation refers
to relative permittivity ($&r$).

Because relative permittivity is the ratio of the absolute permittivity of the material
to the absolute permittivity of a vacuum ($er = € / €0$), the units cancel out.
Therefore, the unit of dielectric constant is dimensionless. It is expressed as a pure
number.

When reviewing technical data sheets for level meters, you will see values ranging
from 1.4 to 100. These numbers indicate how much more electrical energy the
material can store compared to a vacuum. For practical engineering,
understanding that this is a ratio helps in calculating signal loss and determining
whether a non-contact radar or a guided wave radar is the more appropriate
choice. To explore specific instrumentation designed for various dielectric
environments, you may Review product options and application support on our
Main Page.

| Dielectric Constants of Common Industrial Materials

Selecting the correct level sensor requires knowing the dielectric constant of the
medium. Below is a reference table for common substances encountered in
industrial automation.
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Typical Dielectric Constant | Reflectivity Level

($er$)

Vacuum 1.0 None

Air 1.0006 Negligible
LPG (Propane/Butane) 16-1.9 Very Low
Mineral Qil / Diesel 2.0-2.2 Low
Grain / Edible Oils 25-40 Moderate
Alcohol (Ethanol) 24 - 25 High
Glycerin 47 - 50 Very High
Water (at 20°C) 80.1 Excellent
Sulfuric Acid 84 - 100 Excellent

Note: These values are approximate and can change based on temperature and
frequency.

| Impact on Instrument Selection

The dielectric constant dictates the threshold of detection for radar-based
instruments. Industrial level measurement solutions are generally categorized by
their sensitivity to these values.

| Non-Contact Radar

Non-contact radar (80GHz or 26GHz) is ideal for materials with moderate to high
dielectric constants. Modern 80GHz radar sensors have high dynamic range and
can often measure materials with $er$ as low as 1.4, provided the surface is calm
and the antenna is clean. However, for very low dielectric liquids in turbulent
conditions, the sighal-to-noise ratio may drop significantly.
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| Guided Wave Radar (GWR)

In applications where the dielectric constant is extremely low or the surface is
prone to foam and turbulence, Guided Wave Radar is preferred. GWR uses a
physical probe (rod or cable) to guide the electromagnetic pulse. This concentrates
the energy and minimizes signal dispersion, allowing for reliable measurement of
fluids with $er$ as low as 1.2. GWR is also the standard for interface measurement
(e.g., the boundary between oil and water).

| Installation Considerations and Limitations

When the dielectric constant of a medium is low, installation precision becomes
even more critical. Engineers should consider the following factors:

1. Bottom Reflections: If the dielectric constant is low ($er < 2%), the radar signal
may pass through the liquid and reflect off the bottom of the tank. This can cause
the sensor to report an incorrect level or lose the signal when the tank is nearly
empty. In these cases, a "tank bottom offset" or "bottom mal-echo suppression"
must be configured.

2. Stilling Wells and Bypass Chambers: For low-dielectric liquids, using a stilling
well or a bypass pipe can significantly increase the signhal strength. The pipe acts
as a waveguide, preventing the signal from spreading and focusing the reflection
back to the sensor.

3. Vapor Space Effects: While the unit of dielectric constant for air is 1, heavy
vapors (such as high-pressure steam or chemical vapors) can increase the
dielectric constant of the gas phase. This slows down the speed of the radar pulse,
leading to a measurement error where the level appears lower than it actually is.
High-end sensors offer vapor compensation to correct for this.

4. Probe Selection for GWR: For low dielectric media, a coaxial probe is the most
efficient. It provides the highest signal gain and is unaffected by internal tank
obstructions or nozzles.
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| Dielectric Constant in Interface Measurement

One of the most powerful applications of dielectric principles is interface
measurement. This involves measuring the level of two immiscible liquids in the
same tank, such as an oil layer floating on water.

For this to work, the upper medium must have a lower dielectric constant than the
lower medium. Typically, the upper medium must have a dielectric constant
between 1.4 and 10, while the lower medium should be significantly higher (usually
$> 20%). The radar pulse passes through the low-dielectric upper layer (reflecting a
small portion of energy at the top) and then reflects strongly off the high-dielectric
lower layer. This allows the transmitter to calculate both the total level and the
interface level simultaneously.

| Frequently Asked Questions (FAQ)

Q: Does the dielectric constant change with temperature?

A: Yes. For most liquids, the dielectric constant decreases as temperature
increases. This is because thermal agitation inhibits the ability of molecules to
align with the electric field. For example, water at 0°C has a $&r$ of approximately
88, which drops to about 55 at 100°C.

Q: Can | use radar to measure a vacuum?

A: Technically, radar pulses travel perfectly through a vacuum ($er = 1%).
However, there is nothing in a vacuum to reflect the signal. Radar is used to
measure the level of a substance inside a vacuum chamber, as the vacuum does
not attenuate the signal.

Q: What is the minimum dielectric constant required for non-contact radar?

A: This depends on the sensor's frequency and sensitivity. While older 6GHz or
26GHz units often struggled below $&r = 2.0$, modern 80GHz high-frequency radar
can often measure down to $&r = 1.4% or even lower in ideal conditions.

Q: Why is the unit of dielectric constant omitted in some manuals?
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A: Because it is a dimensionless ratio. When a manual states "Dielectric: 2.0," it is
understood as a relative value compared to a vacuum.

| Conclusion

The dielectric constant is the "visibility" factor for radar level meters. While the
unit of dielectric constant is dimensionless, its numerical value determines the
strength of the return signal and the overall reliability of the measurement system.
By understanding the dielectric properties of the process medium, engineers can
make informed decisions between non-contact radar and guided wave radar,
ensuring long-term accuracy and reduced maintenance in industrial environments.
For further technical specifications and to find the right equipment for your specific
dielectric requirements, visit our Main Page for a comprehensive range of industrial
level measurement solutions.
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