WELK | REFERENCE GUIDE

Capacitance vs Radar Level
Transmitter

A practical guide to capacitance vs radar level transmitter, covering the reader
intent, the relationship to capacitance vs radar level transmitter, key evaluation
criteria, common risks, and the information the intended project audience should
confirm before taking the next step.

level-measurement
Main topic: Radar Level Meters
https://www.level-meters.com/products/radar-level-meters/
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In the landscape of industrial process control, selecting the appropriate level
measurement technology is critical for operational safety, efficiency, and
cost-management. Two of the most prevalent technologies used for continuous
level monitoring are capacitance and radar. While both serve the same
fundamental purpose—determining the height of a liquid or solid within a
vessel—they operate on vastly different physical principles. This guide provides a
detailed technical comparison of capacitance vs radar level transmitter systems to
help engineers and procurement specialists make informed decisions for their
specific applications.

| Understanding the Measurement Principles

Before evaluating the specific advantages of each technology, it is essential to
understand how they interact with the process medium.

| Capacitance Level Measurement

Capacitance level transmitters operate based on the electrical property of
capacitance. A capacitor consists of two conductive plates separated by an
insulating material known as a dielectric. In an industrial tank, the probe (sensor)
acts as one plate, and the tank wall (if metal) acts as the second plate. If the tank
is non-conductive, a reference ground rod is used.

The capacitance ($C$) is defined by the formula:
$C = \varepsilon (A /d)$
Where:

- $\varepsilon$ is the permittivity (dielectric constant) of the material between
the plates.

- $A$ is the area of the plates.

- $d$ is the distance between the plates.
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As the level of the product rises, it displaces the air (which has a dielectric
constant of approximately 1) with a material that has a different dielectric
constant. This change in the total capacitance is proportional to the level of the
medium. The electronics then convert this change into a 4-20mA or digital signal.

| Radar Level Measurement

Radar Level Meters utilize electromagnetic waves to measure distance. There are
two primary types of radar technology: Non-contact (Through-air) and Guided
Wave Radar (GWR).

1. Non-contact Radar: The transmitter emits a high-frequency microwave signal
(typically in the 6GHz, 26GHz, or 80GHz range) from an antenna. The signal travels
through the headspace, reflects off the surface of the medium, and returns to the
sensor. The device measures the "Time of Flight" (ToF) or the frequency shift
(FMCW) to calculate the distance.

2. Guided Wave Radar (GWR): This technology uses a physical probe (cable or rod)
to guide the microwave pulse directly to the product surface. This concentrates the
energy and allows for more reliable measurements in low-dielectric fluids or
turbulent conditions.

In both radar types, the speed of the signal is the speed of light, which remains
constant regardless of changes in air temperature, pressure, or vapor composition,
making radar a highly stable measurement choice.

Capacitance vs Radar Level Transmitter: Key
Differences

When comparing capacitance vs radar level transmitter performance, several
operational factors come into play, including material properties, contact
requirements, and environmental sensitivity.
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|1. Sensitivity to Dielectric Constant (DK)

Capacitance probes are highly dependent on the dielectric constant of the
medium. If the DK of the material changes (for example, due to temperature
fluctuations or changes in chemical composition), the sensor must be recalibrated.
If the DK is inconsistent, the measurement will be inaccurate.

Radar transmitters also rely on the dielectric constant for signal reflection;
however, they only require the DK to be high enough to produce a detectable
echo. Once the echo is established, changes in the DK of the medium do not affect
the distance calculation (Time of Flight), provided the DK remains above the
minimum threshold (typically >1.4 for GWR and >1.9 for non-contact radar).

| 2. Contact vs. Non-Contact

Capacitance measurement is inherently a contact technology. The probe must be
submerged in the material. This makes it susceptible to corrosion, mechanical
wear, and material buildup. If a conductive coating forms on a capacitance probe,
it can create a "short circuit" effect, leading to false high-level readings.

Non-contact Radar Level Meters do not touch the process medium. This is a
significant advantage in applications involving aggressive chemicals, high-viscosity
liquids, or sterile environments (like food and beverage) where probe
contamination is a risk.

| 3. Accuracy and Range

Radar technology generally offers superior accuracy, often within £1 mm to 5
mm. It is also capable of measuring over very long distances—up to 30 meters
(approx. 100 ft) or more in large silos. Capacitance transmitters typically offer
accuracy in the range of £0.5% to 1% of the span and are generally limited to
shorter probe lengths (usually under 6 meters or 20 ft) due to the mechanical
stress on long probes.

Welk Reference Guide 4



WELK REFERENCE GUIDE Capacitance vs Radar Level Transmitter

|Se|ection Criteria for Industrial Applications

Choosing between these two technologies requires an analysis of the process
environment and the physical properties of the substance being measured.

| When to Choose Capacitance

Cost-Sensitive Projects: Capacitance sensors are generally more affordable than
high-frequency radar units, making them ideal for simple water storage or
non-critical chemical tanks.

Small Vessels: In very small or narrow tanks where radar signals might suffer from
excessive interference (ringing) from tank walls, a capacitance probe can provide
a stable reading.

Interface Measurement: Capacitance is excellent for detecting the interface
between two non-miscible liquids (e.g., oil and water) if the two liquids have
significantly different dielectric constants.

High Pressure/Temperature: Certain specialized capacitance probes can withstand
extreme temperatures (up to 500°C) and high pressures that might challenge the
sealing of a radar antenna.

| When to Choose Radar

Varying Material Properties: If the moisture content, density, or temperature of the
medium changes frequently, radar is the more robust choice.

Corrosive or Abrasive Media: Since non-contact radar does not touch the medium,
it avoids the maintenance costs associated with probe degradation.

Bulk Solids: Radar is the industry standard for measuring powders, grains, and
minerals in silos, where dust and angle of repose can interfere with other
measurement types.

High Accuracy Requirements: For custody transfer or precise inventory
management, the millimeter-level accuracy of radar is indispensable.
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| Installation Considerations and Limitations

| Installation of Capacitance Probes

Grounding: A reliable electrical ground is mandatory. In plastic tanks, a ground rod
or a concentric shield must be installed alongside the probe.

Buildup: If the medium is sticky, choose a probe with a PTFE or PFA coating to
minimize buildup. Some advanced capacitance units include "active shield"
technology to ighore the effects of coating.

Proximity: The probe must be mounted away from the tank wall to prevent
interference, typically at a distance of at least 200 mm (approx. 8 in).

| Installation of Radar Level Meters

Nozzle Geometry: For non-contact radar, the nozzle height and diameter must be
considered. The antenna should ideally extend slightly beyond the nozzle to
prevent signal reflection off the nozzle edges.

Obstructions: Radar signals have a beam angle. Internal obstructions like agitators,
ladders, or heating coils must not intersect the beam. Modern radar software
allows for "false echo suppression” to map out these obstructions.

Foam and Turbulence: Heavy, dense foam can absorb radar signals. In such cases,
Guided Wave Radar (GWR) or a lower frequency radar (6GHz) may be required to
penetrate the foam.

| Practical Selection Table
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Measurement Type

Accuracy

Dielectric Dependency

Maintenance

Installation Complexity

Common Applications

Typical Cost

Capacitance vs Radar Level Transmitter

Capacitance Transmitter Radar Level Meter

(Non-Contact)

Contact Non-Contact

Moderate (£0.5% - 1%) High (£1mm - 5mm)

High (Requires stable DK) Low (Requires minimum DK)
Higher (due to Very Low

contact/buildup)

Moderate (Grounding Low to Moderate (Beam
required) alighment)

Simple liquids, Interface, Chemicals, Solids, Large
Small tanks Silos, Slurries

Low to Mid-range Mid-range to High

| Limitations to Consider

Capacitance Limitations:

Not suitable for media with changing moisture content (e.g., grain drying).

Requires empty-tank and full-tank calibration in many instances.

Conductive buildup on the probe can lead to significant errors.

Radar Limitations:

Non-contact radar can struggle with very low dielectric materials (DK < 1.5) unless

a stilling well is used.

Heavy surface foam can dissipate the signal.

Higher initial capital investment compared to basic capacitance switches or

probes.
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| Frequently Asked Questions (FAQs)

Q: Can capacitance transmitters be used in vacuum tanks?

A: Yes, capacitance technology is unaffected by vacuum. However, the seal of the
probe must be rated for vacuum service to prevent leaks.

Q: Does dust affect radar level meters?

A: High-frequency radar (e.g., 80GHz) is excellent at penetrating dust. While
extreme dust concentrations can attenuate the signal, radar is generally much
more effective than ultrasonic or optical sensors in dusty environments like
cement or flour silos.

Q: How do | handle a change in the medium being measured?

A: For a capacitance transmitter, you will likely need to recalibrate the device for
the new dielectric constant. For a radar transmitter, as long as the new material
has a dielectric constant above the minimum threshold, no recalibration is usually
necessary.

Q: Is Guided Wave Radar better than Capacitance for interface measurement?

A: GWR is often preferred for interface measurement (e.g., the level of water
beneath a layer of oil) because it can provide both the total level and the interface
level simultaneously, and it is less affected by changes in the upper liquid's
composition.
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| Conclusion

In the debate of capacitance vs radar level transmitter, the choice ultimately
hinges on the specific demands of the process environment. Capacitance remains
a viable, cost-effective solution for stable, well-defined liquids and interface
applications. However, for most modern industrial applications involving complex
media, varying conditions, or a need for high precision, Radar Level Meters provide
the reliability and maintenance-free operation required for long-term success. By
understanding the dielectric properties of your material and the physical
constraints of your vessel, you can select the technology that ensures the highest
level of process safety and accuracy.
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