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In the field of industrial process control and automation, understanding the
physical properties of the media being measured is essential for selecting the
correct instrumentation. One of the most critical parameters for level
measurement technologies—particularly radar and capacitance-based systems—is
the dielectric constant. For many engineers and technicians, the baseline for these
calculations begins with a fundamental question: what is the dielectric constant of
water?

This article explores the dielectric constant of water from an engineering
perspective, detailing how it influences level measurement accuracy, the factors
that cause it to fluctuate, and how to select the appropriate sensing technology for
water-based applications.

Understanding the Dielectric Constant in Industrial
Applications

The dielectric constant, also known as relative permittivity ($er$), is a
dimensionless measure of a material's ability to store electrical energy in an
electric field. In practical terms for level measurement, it represents how much a
material will polarize when subjected to an electromagnetic field.

In industrial level sensing, the dielectric constant determines the strength of the
signal reflection (in the case of radar) or the change in capacitance (in the case of
capacitance probes). Materials are generally categorized into three groups:

1. Low Dielectric (1.4 to 4): Such as oils, hydrocarbons, and dry solids.

2. Medium Dielectric (4 to 10): Such as concentrated acids or some organic
solvents.

3. High Dielectric (Over 10): Such as aqueous solutions and pure water.

| What Is the Dielectric Constant of Water?

Pure water has a remarkably high dielectric constant compared to most other
industrial fluids. At a standard room temperature of 20°C (68°F), the dielectric
constant of water is approximately 80.1.
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This high value is due to the polar nature of the water molecule ($H20$). Because
the oxygen atom is more electronegative than the hydrogen atoms, the molecule
has a permanent dipole moment. When placed in an electric field, these molecules
align themselves readily, resulting in high permittivity. For instrumentation
engineers, this high value is advantageous because it provides a very strong
reflection for radar waves and a significant shift in capacitance for probes.

| Dielectric Constant of Water at Different States

While liquid water at room temperature is roughly 80, the value changes
significantly based on the physical state of the water:

Water Vapor/Steam: Approximately 1.0 to 1.26 (very difficult to detect with
standard radar without specialized compensation).

Ice: Approximately 3.0 to 4.0 (much lower than liquid water because the crystalline
structure prevents the molecules from rotating freely in response to an electric
field).

Liquid Water (20°C): ~80.1.

How Dielectric Properties Influence Level
Measurement Technologies

When designing a level measurement system, the dielectric constant of the
medium dictates which technology will be most reliable. Welk provides a range of
instruments designed to handle various dielectric profiles.

1. Radar Level Measurement (Non-Contact and
Guided Wave)

Radar level meters emit electromagnetic pulses that travel through the air (or a
probe) and reflect off the surface of the liquid. The amount of energy reflected
back to the sensor is directly proportional to the dielectric constant of the medium.
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Because the dielectric constant of water is so high (~80), it acts like a mirror for
radar signals. This results in a very high signal-to-noise ratio, allowing for
extremely accurate and reliable measurements even in turbulent conditions or at
long ranges. On the Main Page of industrial instrumentation catalogs, radar is often
the preferred choice for water tanks due to this physical advantage.

| 2. Capacitance Level Sensors

Capacitance sensors treat the tank, the probe, and the process media as a
capacitor. The dielectric constant of the material between the probe and the tank
wall determines the total capacitance. Since water has a high dielectric constant,
even small changes in level result in large, easily measurable changes in
capacitance. However, because water is also conductive, specialized insulated
probes are required to prevent short-circuiting the measurement.

| 3. Ultrasonic Level Measurement

It is important to note that ultrasonic sensors are not affected by the dielectric
constant. They rely on sound waves reflecting off the surface density. While
water's dielectric constant makes it ideal for radar, ultrasonic measurement is a
viable alternative if the dielectric constant of a fluid is unknown or fluctuates
wildly, provided there is no heavy foam or vacuum present.

| Factors Affecting the Dielectric Constant of Water

While 80 is the standard reference, the actual value in a process environment can
vary based on several factors:

| Temperature

Temperature has an inverse relationship with the dielectric constant of water. As
temperature increases, the thermal agitation of the molecules increases, making it
harder for them to align with an external electric field.

At 0°C: er = 88
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At 20°C: er = 80
At 100°C: er = 55

Even at 55, the dielectric constant is still considered "high" for most radar level
meters, meaning water level can be measured accurately across its entire liquid
temperature range.

| Frequency

For most industrial radar sensors operating in the C-band (6 GHz), K-band (26 GHz),
or W-band (80 GHz), the dielectric constant of water remains relatively stable.
However, at extremely high frequencies (terahertz range), the dielectric constant
begins to drop as the molecules can no longer keep up with the rapid oscillations
of the field.

| Impurities and Salinity

In industrial wastewater or seawater, the presence of dissolved ions (salinity)
increases the conductivity of the water. While conductivity and dielectric constant
are different physical properties, high conductivity can lead to signal attenuation in
Guided Wave Radar (GWR) or interfere with non-insulated capacitance probes.
However, for standard non-contact radar, the high reflectivity remains largely
unchanged by salinity.

Selection Table: Level Measurement for Water-Based
Applications
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Technology

Suitability for
Water

Minimum
Dielectric
Requirement

What Is the Dielectric Constant of Water

Advantages

Non-Contact
Radar

Guided Wave
Radar

Ultrasonic

Capacitance

Hydrostatic

Excellent

Excellent

Good

Fair/Good

Excellent

er > 1.4

er > 1.4

N/A

er'> 1.5

N/A

High accuracy,
no
maintenance,
unaffected by
steam/pressure.

Works in narrow
tanks or
through foam.

Cost-effective,
simple
installation.

Good for point
level detection.

Simple, relies
on

pressure/density.

Higher initial
cost than
ultrasonic.

Probe contact
with media;
potential for
buildup.

Affected by
foam, wind, and
vacuum.

Requires
insulated
probes for
water
(conductive).

Affected by
changes in
liquid density.

| Installation Considerations and Limitations

When installing level meters in water applications, keep the following engineering
constraints in mind:

1. Surface Turbulence: While water's high dielectric constant provides a strong
signal, heavy turbulence can scatter the radar beam. In these cases, using a
bypass pipe or a stilling well can stabilize the surface for a more consistent

reading.

2. Condensation: In hot water tanks, condensation may form on the sensor face.
While radar can typically see through thin layers of moisture, heavy droplets can
attenuate the signal. Choosing a radar with a PTFE or PEEK antenna cover (lens

antenna) helps shed condensation.
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3. Steam and Vapor: While the dielectric constant of liquid water is 80, the
dielectric constant of steam is very low. In high-pressure boiler applications, the
"gas phase compensation" feature in advanced radar systems is necessary to
account for the slower speed of electromagnetic waves in dense steam.

4. Tank Geometry: For non-contact radar, ensure there are no internal obstructions
(ladders, pipes) between the sensor and the water surface. Even though water
reflects strongly, false echoes from steel structures can interfere with the signal if
not properly mapped out during commissioning.

| Frequently Asked Questions

Q: Does the pH of water affect its dielectric constant?

A: Generally, no. While pH affects the chemical acidity or alkalinity and can
increase conductivity, the dielectric constant remains primarily driven by the
$H20$ molecules themselves. However, extremely concentrated chemical
additives may alter the overall permittivity of the solution.

Q: Why is the dielectric constant important for Guided Wave Radar (GWR)?

A: In GWR, the dielectric constant determines the impedance change at the liquid
surface. A higher dielectric constant (like water's 80) creates a larger impedance
mismatch, resulting in a stronger reflected pulse and better measurement
reliability.

Q: Can | measure the level of ice using radar?

A: Yes, but it is more difficult than liquid water. Since ice has a dielectric constant
of approximately 3 to 4, the reflection is significantly weaker than that of liquid
water. The radar must be sensitive enough to detect lower-dielectric materials.

Q: Is water considered a conductive or non-conductive medium in level sensing?

A: In the context of level measurement, water is treated as a conductive medium.
This is why capacitance probes used in water must be sleeved or coated with an
insulating material like FEP or PFA.
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| Conclusion

Understanding what is the dielectric constant of water is a foundational step in
process instrumentation. With a value of approximately 80, water is one of the
easiest materials to measure using radar and capacitance technologies. Its high
reflectivity ensures that even in challenging industrial environments, operators can
maintain precise control over their assets.

For professional-grade measurement solutions, Welk offers a comprehensive
portfolio of radar, ultrasonic, and hydrostatic transmitters tailored to the unique
demands of water treatment, chemical processing, and industrial automation. By
matching the technology to the dielectric properties of your media, you ensure
long-term accuracy and reduced maintenance costs. For more detailed product
specifications and selection guides, visit the Welk Main Page to explore our full
range of level measurement instrumentation.
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