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In the field of industrial level measurement, the dielectric constant of glass is a
critical parameter that influences the selection and performance of various sensing
technologies. Whether an engineer is designing a level control system for a
glass-lined reactor in a chemical plant or attempting to measure liquid levels
through a sight glass using non-contact radar, understanding how glass interacts
with electromagnetic fields is essential. The dielectric constant, also known as
relative permittivity ($er$), defines how a material stores and transmits electrical
energy, which directly impacts signal velocity, reflection, and attenuation in level
measurement instruments.

Understanding the Dielectric Constant in Level
Measurement

Before delving into the specific values for various glass types, it is important to
understand the underlying measurement principles. Level measurement
technologies, particularly radar (microwave) and capacitance-based systems, rely
on the dielectric properties of the media involved.

In radar level measurement, the dielectric constant of the target material
determines the strength of the reflected signal. A higher dielectric constant results
in a stronger reflection. However, when measuring through a medium like a glass
window, the dielectric constant of glass becomes a barrier that the signal must
penetrate. As the radar wave passes from air ($er = 1$) into glass (higher $&r$), a
portion of the energy is reflected at the interface, and the velocity of the wave
decreases within the glass. This can lead to measurement errors if the thickness
and dielectric properties of the glass are not accounted for in the sensor's
calibration.

In capacitance level measurement, the glass often acts as an insulator or a part of
the dielectric sandwich between the probe and the tank wall. The total capacitance
measured by the system is a function of the dielectric constants of all materials
between the electrodes. If the dielectric constant of the glass changes due to
temperature or composition, it can shift the zero point or sensitivity of the sensor.
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Specific Dielectric Constant Values for Industrial
Glass

The term "glass" covers a wide range of amorphous solids with varying chemical
compositions. Each composition yields a different dielectric constant, which must
be considered during the instrument selection process. Below are the typical
values for the most common types of glass used in industrial processes.

Glass Type Typical Dielectric Constant | Common Industrial
($er$) at 1 MHz Applications

Fused Quartz / Silica 3.7-39 High-temperature sight
glasses, UV sterilization
systems

Borosilicate Glass (e.qg., 4.6 -5.0 Laboratory equipment,

Pyrex) chemical reactors, sight
glasses

Soda-Lime Glass 7.0 -80 Standard windows, bottles,

basic level gauges

Lead Glass (High Lead 8.0 -15.0 Radiation shielding windows,

Content) specialized optical
components

Aluminosilicate Glass 6.0-7.0 High-pressure boiler water

gauges, high-temp displays

Fused quartz has the lowest dielectric constant among common glasses, making it
the most "transparent" to radar signals. Conversely, soda-lime glass and lead glass
have higher constants, which result in greater signal reflection and potential
interference when attempting to measure levels through the material.

| Impact of Glass on Radar Level Meters

When using non-contact radar level meters to measure through a glass barrier,
two primary physical phenomena occur: reflection and refraction. Because the
dielectric constant of glass is significantly higher than that of air, a radar beam
hitting a glass surface will experience a "step" in impedance.
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1. Signal Attenuation: As the radar wave travels through the glass, some of its
energy is absorbed and converted into heat. While this is usually negligible for thin
glass at standard industrial frequencies (6 GHz to 80 GHz), thick glass blocks can
significantly weaken the signal reaching the liquid surface.

2. Phase Shifting and Velocity Change: Radar waves travel slower in glass than in
air. The velocity ($v$) is calculated as $v = c / Ver$, where $c$ is the speed of
light. If a radar sensor is measuring through a 20 mm thick borosilicate sight glass,
the time-of-flight will be longer than if the glass were not there. Without
compensation, the sensor will report a level that is slightly further away (lower)
than the actual level.

3. Multiple Reflections: In some cases, the radar signal can bounce between the
two surfaces of the glass pane, creating "ghost" echoes. These echoes can confuse
the signal processing algorithms of lower-quality level meters.

For applications requiring high precision through glass barriers, 80 GHz radar
technology is often preferred. The shorter wavelength allows for better penetration
through dielectric materials and a more focused beam, which reduces the impact
of reflections from the edges of a sight glass nozzle. You can Review product
options and application support to see how different radar frequencies perform in
these specific scenarios.

Capacitance Level Measurement and Glass-Lined
Vessels

In the chemical and pharmaceutical industries, glass-lined steel reactors are
common due to their excellent corrosion resistance. Measuring the level in these
tanks presents a unique challenge for capacitance sensors.

In a standard capacitance setup, the probe is one electrode and the tank wall is
the other. In a glass-lined tank, the glass coating (often 1 mm to 2.5 mm thick) acts
as a fixed dielectric layer. The dielectric constant of glass in this context
determines the base capacitance of the system.
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If the liquid being measured has a high dielectric constant (e.g., water, $sr = 80%),
the change in capacitance as the level rises is easily detected. However, if the
liquid has a low dielectric constant (e.g., hydrocarbons, $er = 2$), the glass lining
can act as a dominant capacitor in series, reducing the overall sensitivity of the
measurement. In such cases, specialized high-sensitivity electronics or alternative
technologies like radar are recommended.

| Installation and Engineering Considerations

When engineering a level measurement solution that involves glass components,
several practical factors must be addressed to ensure long-term reliability.

#### Glass Thickness and Pressure Ratings

In high-pressure applications, sight glasses must be thick enough to withstand the
process pressure. However, as thickness increases, so does the signal loss for
radar meters. Engineers must find a balance between mechanical safety and signal
integrity. For borosilicate glass, a thickness of 10 mm to 25 mm is common in
industrial sight glasses.

#### Angle of Incidence

For non-contact radar measuring through a glass window, the sensor should ideally
be mounted so the beam is perpendicular to the glass surface. If the radar is tilted,
the beam will refract (bend) as it enters and exits the glass, according to Snell's
Law. This refraction can shift the beam's path, causing it to hit the side of the tank
or internal obstructions rather than the liquid surface.

#### Temperature Effects

The dielectric constant of glass is not perfectly stable; it increases with
temperature. While this change is relatively small compared to the dielectric
changes in the process media, in high-precision applications operating at extreme
temperatures (e.g., above 200°C), this thermal drift should be considered.

#### Condensation and Coating

Welk Reference Guide 5



WELK REFERENCE GUIDE Dielectric Constant of Glass

A significant risk in measuring through glass is the accumulation of moisture or
process media on the glass surface. Water has a very high dielectric constant
(~80). A thin film of condensation on a glass window can reflect the radar signal
entirely, preventing it from reaching the product inside the tank. In these
environments, using a slanted glass window or a PTFE-faced sensor can help shed
droplets and maintain a clear signal path.

Selection Guide for Level Measurement through
Glass

To assist in selecting the right technology, the following table summarizes the
performance of various level instruments when glass is involved in the
measurement path.

Technology Suitability for Suitability for Key Limitation
Glass-Lined Tanks Measuring

Through Sight
Glass

Non-Contact Radar Excellent Excellent Sensitive to heavy

(80 GHz) condensation on the
glass.

Guided Wave Radar Good (if probe is Not Applicable Requires physical

(GWR) coated) contact with the
media.

Ultrasonic Sensors Poor Poor Ultrasonic waves are

almost entirely
reflected by glass.

Capacitance Probes Fair Not Applicable Sensitivity reduced
by the glass lining

thickness.

Laser Level Meters Good Fair Glass must be
perfectly clean and
transparent.

|Frequent|y Asked Questions (FAQs)

1. Can | use an ultrasonic sensor to measure through a glass sight window?
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No. The acoustic impedance mismatch between air and glass is so great that
nearly 100% of the ultrasonic energy is reflected at the glass surface. Ultrasonic
sensors must have a clear, unobstructed path to the liquid or be mounted directly
to the tank wall (in specific liquid-coupled applications).

2. How does the dielectric constant of glass affect the accuracy of a radar level
meter?

The higher dielectric constant of glass slows down the radar wave. This causes a
"delay" that makes the distance appear longer than it actually is. Most modern
radar transmitters allow you to input the thickness and dielectric constant of the
glass window to automatically compensate for this error.

3. Is borosilicate glass better than soda-lime glass for radar applications?

Yes. Borosilicate glass generally has a lower dielectric constant (~4.7) compared
to soda-lime glass (~7.0). This results in less signal reflection at the air-glass
interface and better overall signal transmission into the vessel.

4. Does the dielectric constant of glass change over time?

In most industrial environments, the dielectric constant of the glass itself is stable.
However, chemical etching of the glass surface or the buildup of conductive scales
can change the effective dielectric properties of the window assembly, leading to
signal degradation.

| Conclusion

The dielectric constant of glass is a fundamental factor in the successful
implementation of level measurement systems in complex industrial
environments. By understanding the specific $er$ values of materials like
borosilicate and fused quartz, and how these values interact with radar and
capacitance technologies, engineers can avoid common pitfalls such as signal loss
and measurement drift.
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When dealing with glass-lined vessels or the need to measure through sight ports,
selecting a high-frequency radar system and ensuring proper installation geometry
are the most effective ways to maintain accuracy. For more technical data on level
measurement instruments and their compatibility with various process materials,
visit the Main Page to explore our comprehensive range of industrial solutions.
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