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In the field of industrial process automation, the dielectric constant ($er$) of a
medium is one of the most critical parameters for selecting and calibrating level
measurement instruments. Whether utilizing non-contact radar, guided wave radar
(TDR), or capacitive level sensors, the accuracy and reliability of the measurement
depend heavily on the electrical properties of the liquid being monitored. This
guide provides a detailed dielectric constant table solvents reference and explores
the engineering principles required to apply this data effectively in industrial
environments.

Understanding the Role of Dielectric Constant in
Level Measurement

The dielectric constant, also known as relative permittivity, is a dimensionless
measure of a substance's ability to store electrical energy in an electric field. In
practical terms for level measurement, it determines how much electromagnetic
energy is reflected back to a sensor when it hits the surface of a liquid.

For radar-based technologies, the measurement principle relies on the difference
between the dielectric constant of the upper medium (usually air or nitrogen,
where $er = 1%$) and the lower medium (the solvent). When a radar pulse
encounters a change in the dielectric constant, a portion of the energy is reflected.
The higher the dielectric constant of the solvent, the stronger the reflected signal
(echo). Conversely, solvents with low dielectric constants allow most of the radar
energy to pass through the surface, resulting in a weak return signal that can be
difficult for the sensor to distinguish from background noise.

Before selecting a sensor from our Main Page, engineers must confirm the
minimum dielectric constant of the process media under all operating
temperatures, as $&r$ typically decreases as temperature increases.

How Dielectric Constant Affects Radar Signal
Reflection

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

$$p =
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rac{vVe{r2} - Ve{r1}}{vVe{r2} + ve{rl1}}s$$

Where:

e{rl}: Dielectric constant of the medium above the liquid (usually 1.0 for air).
ge{r2}: Dielectric constant of the solvent.

From this formula, it is evident that as $e{r2}$ approaches 1.0, the reflection
coefficient approaches zero. In industrial applications, solvents with a dielectric
constant below 2.0 (such as certain hydrocarbons) present significant challenges
for standard non-contact radar. In these cases, high-sensitivity electronics or
guided wave radar (GWR) systems are often required to concentrate the signal
energy.

Comprehensive Dielectric Constant Table for
Common Solvents

The following dielectric constant table solvents lists common industrial liquids at
room temperature (approximately 20°C to 25°C). Note that these values are for
pure substances; mixtures or the presence of water can significantly alter the
effective dielectric constant.

|Polar Solvents (High Dielectric)
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m Chemical Formula Dielectric Constant (zr)

Water H20 80.1
Formic Acid CH:z0: 58.0
Glycerol CsHsOs 42.5
Ethylene Glycol C2He0:2 37.0
Methanol CHsOH 32.7
Ethanol C2HsOH 24.5
Acetone Cs:HsO 20.7
Isopropyl Alcohol CsHsO 18.3

| Non-Polar and Low Dielectric Solvents

m Chemical Formula Dielectric Constant (zr)

Acetic Acid CHzCOOH 6.2
Ethyl Acetate C4Hs0:2 6.0
Chloroform CHCls 4.8
Diethyl Ether CaH-100 4.3
Toluene C7Hs 2.4
Benzene CeHs 2.3
Diesel Fuel Mixture 2.1
n-Hexane CeH-14 1.9
Pentane CsH-12 1.8
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Selecting Level Measurement Technology Based on
Solvent Properties

When evaluating the dielectric constant table solvents, engineers should
categorize the application into three main tiers to determine the most reliable
measurement technology.

| Tier 1: High Dielectric Solvents (er > 10)

Solvents like water, alcohols, and ketones provide excellent signal reflection.
Standard 26GHz or 80GHz non-contact radar level meters are ideal for these
applications. They offer high accuracy (up to 1mm) and are largely unaffected by
changes in pressure or vapor space composition.

|Tier 2: Medium Dielectric Solvents (4 < er < 10)

This category includes many esters and acids. While non-contact radar still works
well, the sensitivity must be adjusted. Guided wave radar (GWR) becomes a strong
contender here, especially if the tank has internal obstructions or if turbulence is
present, as the probe guides the signal directly to the surface.

| Tier 3: Low Dielectric Solvents (er < 4)

Hydrocarbons and non-polar solvents fall into this tier. For these liquids,
non-contact radar requires high-gain antennas and advanced signhal processing.
GWR is often the preferred choice because the coaxial or twin-lead probe
minimizes signal loss. If non-contact radar must be used, installing the sensor
inside a stilling well or bypass pipe is recommended to amplify the reflection.
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Practical Engineering Considerations for Low
Dielectric Solvents

When working with solvents at the lower end of the dielectric constant table
solvents, several factors beyond the $er$ value itself must be considered:

1. Temperature Effects: As temperature rises, the dielectric constant of most
solvents decreases. A solvent that is measurable at 20°C might become "invisible"
to a radar sensor at 150°C. Always use the $&er$ value at the maximum operating
temperature for safety margins.

2. Vapor and Condensation: Solvents with high volatility can create dense vapor
layers or condensation on the sensor antenna. While the dielectric constant of the
liquid remains the same, the signal can be attenuated by the droplets on the lens.
80GHz radar units with small beam angles and PTFE-faced antennas are better
suited to handle these conditions.

3. Bottom Reflections: In shallow tanks containing low $er$ solvents, the radar
signal may pass through the liquid, reflect off the metal tank bottom, and return to
the sensor. This can cause the transmitter to report a "tank empty" status or an
incorrect level. Sophisticated software algorithms are required to filter out these
secondary reflections.

| Installation Guidelines and Best Practices

Proper installation is paramount when the dielectric constant is low. Follow these
guidelines to ensure a stable signal:

Nozzle Height and Diameter: Keep nozzles as short and wide as possible to prevent
internal reflections (ringing) from interfering with the surface echo. For low $&r$
liquids, a nozzle height-to-diameter ratio of less than 1:1 is ideal.

Stilling Wells: For solvents with $er < 2.0$, a stilling well (a vertical pipe inside the
tank) acts as a waveguide, preventing signal dispersion and increasing the
amplitude of the return echo. This is particularly useful for hexane or pentane
storage.

Welk Reference Guide 6



WELK REFERENCE GUIDE Dielectric Constant Table Solvents

Avoid Obstructions: Ensure the radar beam path is clear of ladders, heating coils,
or agitators. These metallic objects have an effectively infinite dielectric constant
and will create "false echoes" that are much stronger than the reflection from a
low-dielectric solvent.

Bypass Chambers: For highly turbulent processes or tanks with heavy internal
structures, mounting the level meter in an external bypass chamber ensures a
calm surface and a clear signal path.

|Frequent|y Asked Questions (FAQs)

Q: Can | use an ultrasonic sensor for low dielectric solvents?

A: Yes. Ultrasonic sensors rely on sound waves reflecting off the surface density,
not electrical properties. However, ultrasonic sensors are highly sensitive to vapor,
pressure, and temperature changes in the tank headspace, which are common in
solvent applications. Radar is generally more robust for chemical solvents.

Q: How does the dielectric constant change if the solvent is mixed with water?

A: Water has a very high dielectric constant (~80). Even a small percentage of
water in a hydrocarbon solvent will significantly increase the effective dielectric
constant of the mixture, making it easier to detect with radar.

Q: Is guided wave radar better than non-contact radar for low $&r$ liquids?

A: Generally, yes. Guided wave radar (GWR) has a higher signal-to-noise ratio
because the energy is confined to the probe. It is the standard choice for liquids
with $er$ as low as 1.4. However, non-contact radar is preferred if the liquid is
corrosive or if the tank has an agitator that could damage a probe.

Q: Does the dielectric constant affect hydrostatic level transmitters?

A: No. Hydrostatic transmitters measure the pressure exerted by the liquid column,
which depends on density and height. The dielectric constant has no impact on
pressure-based measurement.
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For engineers seeking reliable instrumentation for any solvent listed in the
dielectric constant table solvents, Welk provides a comprehensive range of radar,
ultrasonic, and hydrostatic solutions. Our technical team can assist in selecting the
correct frequency and probe configuration to ensure accuracy in even the most
challenging low-dielectric applications. Review product options and application
support on our Main Page to find the right fit for your facility.
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