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Stilling Well for Radar Level
Transmitter

A practical guide to stilling well for radar level transmitter, covering the reader
intent, the relationship to stilling well for 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 industrial process control, achieving accurate and stable level measurements is
often challenged by physical environmental factors such as surface turbulence,
foam, and internal tank obstructions. While modern Radar Level Meters are
designed with advanced signal processing to filter out noise, certain applications
require mechanical intervention to ensure reliability. The use of a stilling well for
radar level transmitter installations is a primary engineering solution for these
high-demand scenarios.

This guide explores the measurement principles of radar technology, the functional
design of stilling wells, and the critical selection criteria for process engineers and
plant operators.

| Understanding Radar Level Measurement Principles

To understand why a stilling well is necessary, one must first understand how
radar instruments function. Most industrial radar level transmitters utilize either
Pulse Radar (Time of Flight) or Frequency Modulated Continuous Wave (FMCW)
technology.

| Time of Flight (ToF)

In pulse radar systems, the transmitter emits a high-frequency microwave pulse
toward the medium. This pulse travels at the speed of light, reflects off the surface
of the liquid or solid, and returns to the sensor. The distance is calculated based on
the time delay between transmission and reception.

| FMCW Radar

FMCW radar transmits a continuous signal with a constantly changing frequency.
The difference in frequency between the transmitted signal and the reflected
signal is proportional to the distance. This method typically offers higher accuracy
and better signal-to-noise ratios in complex environments.
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| The Waveguide Effect

When a radar signal is emitted into open space (a large tank), the energy spreads
in a cone-shaped pattern. However, when a radar transmitter is mounted on a
stilling well, the pipe acts as a waveguide. The electromagnetic waves are
confined within the metallic walls of the pipe, reducing energy loss and directing
the signal straight to the product surface. This concentration of energy is
particularly beneficial when measuring liquids with low dielectric constants (er),
such as hydrocarbons or liquefied gases.

The Role of a Stilling Well for Radar Level
Transmitter

A stilling well is a vertical pipe, typically made of stainless steel or plastic, that
extends from the top of the vessel down into the liquid. It serves several critical
functions in a measurement loop:

1. Surface Stabilization: In tanks with heavy agitation, splashing, or boiling
surfaces, the stilling well provides a "calm" area for the radar to measure,
preventing the signal from scattering off turbulent waves.

2. Foam Suppression: While some radar frequencies can penetrate light foam,
thick or dense foam can absorb the signal. A stilling well can help break the
surface tension of the foam or provide a clear path to the true liquid level.

3. Obstruction Shielding: Many industrial tanks contain internal structures like
heating coils, ladders, or agitator blades. A stilling well isolates the radar signal
from these metal objects, eliminating false echoes that could otherwise interfere
with the measurement.

4. Signal Enhancement: By acting as a waveguide, the stilling well increases the
return signal strength, which is essential for measuring media with low reflectivity.
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| Selection Criteria for a Stilling Well

Choosing the correct stilling well for radar level transmitter applications requires
careful consideration of the pipe's physical properties and the nature of the
process media.

| Material Compatibility

The material of the stilling well must be chemically compatible with the process
liguid. Common materials include:

304/316 Stainless Steel: The standard for most industrial and chemical applications
due to its durability and corrosion resistance.

Carbon Steel: Used in non-corrosive oil and gas applications.

PVC/CPVC/PTFE: Utilized for highly corrosive acids or bases where metallic pipes
would fail.

| Pipe Diameter

The diameter of the stilling well must match the antenna size of the radar meter.
Common sizes range from 50 mm (2 inches) to 250 mm (10 inches). A pipe that is
too narrow can cause signal attenuation, while one that is too wide may not
provide the necessary waveguide benefits. Most manufacturers recommend a
minimum diameter of 80 mm (3 inches) for optimal performance with standard
horn antennas.

| Venting and Equalization

For the liquid level inside the well to match the level in the tank, the well must be
properly vented. This usually involves drilling small holes (typically 3 mm to 10 mm
in diameter) at the top of the pipe above the maximum liquid level. This allows air
or gas to escape as the liquid rises.

Welk Reference Guide 4



WELK REFERENCE GUIDE Stilling Well for Radar Level Transmitter

| Installation and Design Requirements

Proper installation is paramount. A poorly designed stilling well can introduce more
errors than it solves.

| Verticality and Alignment

The pipe must be installed perfectly vertical. A deviation of even 1 degree can
cause the radar signal to bounce off the pipe walls multiple times before reaching
the surface, leading to signal degradation or false readings. In deep tanks (over 10
meters), ensuring verticality requires precise structural support.

| Internal Surface Finish

The interior of the stilling well must be smooth. Any burrs, weld beads, or sharp
edges on the inside of the pipe will create "parasitic reflections.” These reflections
appear as static peaks in the radar’s echo profile and can be mistaken for the
liquid level. Seamless pipe is preferred, and any joints should be butt-welded and
ground smooth on the interior.

| Hole Patterns

If the stilling well is used in a vessel where the liquid is not perfectly clean, multiple
holes should be drilled along the length of the pipe. These holes allow for constant
liquid exchange, ensuring the density and level inside the pipe remain identical to
the rest of the tank. The holes should be staggered and deburred to prevent signal
interference.

| Comparison: Stilling Well vs. Other Environments
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Surface Turbulence High impact Minimal impact No impact

Internal Obstructions Must be mapped out Isolated Completely isolated

Signal Strength Standard High (Waveguide High
effect)

Maintenance Easy Moderate (Cleaning High (Valving
required) required)

Cost Low Moderate High

Best For Large, clean vessels Turbulent or low er High-pressure/temperature
liquids boilers

| Limitations and Risks

While a stilling well for radar level transmitter installations offers many benefits, it
is not a universal solution. Engineers should be aware of the following limitations:

Build-up and Clogging: If the process liquid is viscous, prone to crystallization, or
contains high solids, the material can build up on the inner walls of the well or clog
the equalization holes. This can cause the level inside the well to "stick," leading to
dangerous overfill or dry-run conditions.

Corrosion and Scaling: Over time, corrosion can roughen the internal surface of the
pipe. This increases signal noise and may eventually require the entire well to be
replaced.

Initial Cost: Installing a full-height stilling well in a large 20-meter tank represents a
significant capital and labor expense compared to a simple nozzle-mounted radar.

| Maintenance Considerations

To ensure long-term accuracy, a maintenance schedule should be established for
stilling well systems:
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1. Visual Inspection: Check for signs of external corrosion or damage to the
mounting flange.

2. Cleaning: For sticky or dirty media, the well should be periodically flushed or
mechanically cleaned to remove build-up.

3. Echo Curve Analysis: Use the radar instrument’s software to view the echo
curve. If new "fixed" peaks appear, it likely indicates build-up or corrosion inside
the well that needs addressing.

| Frequently Asked Questions (FAQ)

Q: Can | use a plastic pipe as a stilling well?

A: Yes, but with caveats. Plastic pipes do not act as electromagnetic waveguides in
the same way metal pipes do. While they can still stabilize the surface and block
foam, they do not provide the signal-strengthening benefits of a metallic
waveguide. Furthermore, the radar signal may pass through the plastic and reflect
off objects outside the pipe.

Q: How do | handle a stilling well that is not perfectly straight?

A: If the pipe is slightly bent, you may need to use a Guided Wave Radar (GWR)
instead of a non-contact Radar Level Meters solution. GWR uses a physical probe
(cable or rod) to guide the signal, making it much more tolerant of pipe
irregularities.

Q: What size should the venting holes be?

A: For most light liquids, 3 mm to 6 mm (1/8 to 1/4 inch) holes are sufficient. For
thicker liquids, larger holes up to 12 mm (1/2 inch) may be necessary to ensure the
level equalizes quickly enough during rapid filling or emptying cycles.
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| Conclusion

The integration of a stilling well for radar level transmitter technology is a proven
method for overcoming the most difficult challenges in industrial level
measurement. By transforming a turbulent or obstructed tank environment into a
controlled waveguide, engineers can achieve the high precision and reliability
required for safety-critical and high-value processes. When selecting a system,
always prioritize internal pipe smoothness, verticality, and material compatibility
to ensure the longevity of your instrumentation investment.
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