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Coaxial Radar Level
Transmitter

A practical guide to coaxial radar level transmitter, covering the reader intent, the
relationship to coaxial radar level transmitter, key evaluation criteria, common
risks, and the information the intended project audience should confirm before
taking the next step.
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In the landscape of industrial process control, the accuracy of level measurement
directly impacts safety, efficiency, and product quality. Among the various
technologies available, Radar Level Meters have emerged as a preferred solution
due to their reliability in challenging environments. Within this category, the
coaxial radar level transmitter—a specific configuration of Guided Wave Radar
(GWR)—offers unique technical advantages for measuring low-dielectric liquids and
operating in confined spaces.

This article provides a detailed technical overview of coaxial radar technology, its
measurement principles, selection criteria, and practical installation considerations
for engineering professionals.

| Understanding the Measurement Principle

A coaxial radar level transmitter operates on the principle of Time Domain
Reflectometry (TDR). Unlike non-contact radar, which broadcasts electromagnetic
waves through the air, a GWR transmitter guides low-power microwave pulses
along a physical probe.

|Time Domain Reflectometry (TDR)

When a microwave pulse is launched from the transmitter head, it travels down
the probe at the speed of light. Upon reaching the surface of the medium being
measured, a portion of the pulse energy is reflected back to the sensor. This
reflection occurs because of the change in the dielectric constant ($er$) between
the air (or vapor space) and the process medium.

The transmitter measures the "time of flight"—the interval between the pulse
emission and the reception of the echo. Since the speed of the pulse is constant,
the distance to the surface is calculated using the formula:

Distance = (Speed of Light x Time of Flight) / 2
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| The Coaxial Advantage

In a coaxial radar level transmitter, the probe consists of an outer tube (the outer
conductor) and a central rod (the inner conductor). This geometry functions as a
dedicated waveguide. Unlike single-rod or twin-rod probes, where the
electromagnetic field extends into the surrounding medium, the coaxial design
confines the entire electromagnetic field within the space between the rod and the
tube. This containment results in a significantly higher sighal-to-noise ratio and
eliminates interference from nearby metallic structures or tank walls.

| Key Advantages of Coaxial Radar Level Transmitters

Choosing a coaxial configuration provides several distinct benefits in complex
industrial environments:

1. Measurement of Low-Dielectric Media: Because the electromagnetic field is
concentrated, coaxial probes are highly sensitive. They can accurately measure
liguids with very low dielectric constants, such as liquid petroleum gas (LPG),
refrigerants, and various hydrocarbons ($er < 1.4%$), which might be invisible to
non-contact radar or single-rod GWR.

2. Immunity to Obstructions: Since the signal is contained within the tube, the
transmitter is unaffected by internal tank components like agitators, heating coils,
ladders, or baffles. This allows for installation in narrow nozzles or very close to
tank walls.

3. Stability in Turbulent Conditions: The outer tube of the coaxial probe acts as an
inherent stilling well. It protects the central rod from the mechanical forces of
turbulent surfaces, splashing, or foam, ensuring a stable and reliable level reading.

4. No "Mounting Sensitivity": Unlike other GWR probes that require specific
distances from the tank wall to avoid interference, the coaxial probe is
independent of its surroundings. It can be mounted in almost any metallic or
non-metallic vessel without recalibration for the mounting environment.
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|Se|ection Criteria for Industrial Applications

When evaluating Radar Level Meters for a specific project, engineers must match
the probe geometry to the fluid characteristics and vessel conditions.

| Dielectric Constant ($&r$)

The dielectric constant is the most critical factor. If the $er$ is below 1.9, a coaxial
probe is generally the standard recommendation. For fluids with higher dielectric
constants, such as water-based solutions, other probe types may be considered,
though coaxial remains the most accurate.

| Fluid Viscosity and Cleanliness

Coaxial probes are best suited for clean, low-viscosity liquids. Because the gap
between the inner rod and outer tube is relatively small, fluids that are prone to
crystallization, coating, or containing large suspended solids can cause "bridging."
If the material builds up and bridges the gap between the rod and the tube, the
transmitter will report a false high level at the point of the blockage.

| Temperature and Pressure
Welk coaxial radar transmitters are desighed to withstand significant process
extremes. However, the seals (typically Viton, Kalrez, or EPDM) and the insulation

material (often PTFE or PEEK) must be compatible with the chemical composition
and the operating temperature/pressure of the vessel.

| Comparison of Probe Geometries
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m Coaxial Probe Twin-Rod Probe Single-Rod Probe

Best For Low $er$ liquids, Mid-range $ers, High $er$, coating
turbulence viscous fluids fluids

Signal Strength Highest (contained) Medium Lower (dispersed)

Obstruction None Low High

Sensitivity

Cleaning Ease Difficult Moderate Easy

Max Viscosity < 500 cP < 1500 cP < 10,000 cP

| Installation Guidelines and Best Practices

Proper installation is essential to ensure the longevity and accuracy of a coaxial
radar level transmitter. Engineers should adhere to the following technical
considerations:

| 1. Nozzle Constraints

While coaxial probes are immune to nozzle interference, the nozzle diameter must
be large enough to accommodate the outer tube (typically 22 mm to 45 mm or
0.8" to 1.8"). Ensure there is sufficient overhead clearance to install the rigid
probe, as coaxial designs are generally not flexible.

| 2. Venting and Equalization

The outer tube must have vent holes at the top (above the maximum liquid level)
to allow air or vapor to escape as the liquid rises. Without proper venting, the
liquid level inside the tube will not match the level in the tank due to air
entrapment. Most industrial coaxial probes come with pre-drilled vent holes, but
these must remain unobstructed during installation.
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|3. Dead Zones (Blocking Distances)

Every radar transmitter has an upper and lower "dead zone" where measurement
is either impossible or inaccurate.

Upper Dead Zone: Typically 50 mm to 200 mm (2" to 8"), depending on the
dielectric constant. Measurement accuracy degrades as the liquid approaches the
flange.

Lower Dead Zone: Usually 10 mm to 50 mm (0.4" to 2"). The signal reflection at
the very end of the probe can be influenced by the probe's end-nut or the tank
bottom.

| 4. Bypasses and Stilling Wells

A coaxial radar level transmitter is often the perfect choice for retrofitting into
existing bypass chambers or side-mounted pipes. Because the probe is
self-contained, the diameter of the bypass pipe does not affect the measurement
accuracy.

| Operational Limitations and Maintenance

While highly robust, the coaxial radar level transmitter is not a universal solution.
Maintenance teams should be aware of the following risks:

Bridging and Clogging: As mentioned, sticky or viscous fluids can bridge the gap. In
these cases, a single-rod probe with a larger diameter is preferred. If a coaxial
probe must be used with slightly viscous fluids, regular inspection and cleaning of
the tube interior are required.

Condensation: While coaxial probes handle vapor well, heavy condensation that
forms a liquid bridge at the top of the probe can interfere with the initial pulse
launch. Some designs incorporate a "curved" or angled transition to shed
condensate away from the rod.
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Mechanical Stress: In extremely tall tanks (over 6 meters or 20 feet), rigid coaxial
probes can be heavy and subject to bending moments if the fluid has high lateral
velocity (e.g., near an inlet). Support brackets may be required at the bottom of
the probe.

| Frequently Asked Questions (FAQ)

Q: Can a coaxial radar level transmitter measure interface levels?

A: Yes. Coaxial probes are excellent for interface measurement (e.g., oil over
water). The microwave pulse reflects off the upper low-dielectric layer (oil) and
continues through it to reflect off the lower high-dielectric layer (water). The
transmitter can report both the total level and the interface level.

Q: Is there a maximum length for coaxial probes?

A: Rigid coaxial probes are typically limited to 6 meters (approx. 20 feet) due to
shipping and installation constraints. For deeper tanks, flexible cable-style GWR is
used, though these lose the signal-containment benefits of the coaxial tube unless
installed inside a separate stilling well.

Q: Does the tank material matter?

A: No. Because the signal is contained within the coaxial tube, the transmitter
works identically in plastic, fiberglass (FRP), or metallic tanks.

Q: How does foam affect the measurement?

A: Coaxial probes handle foam better than non-contact radar. While dense, dry
foam might cause a slight signal attenuation, the probe usually reads through the
foam to the true liquid surface. However, if the foam is extremely conductive and
thick, it may cause a false reflection.
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| Conclusion

The coaxial radar level transmitter represents a pinnacle of precision for liquid
level monitoring in the chemical, oil and gas, and power industries. By confining
the radar signal within a protected waveguide, it overcomes the common pitfalls of
signal interference and low-reflectivity media. When selected for clean,
low-viscosity applications, it provides an unparalleled level of accuracy and
stability.

For engineers seeking to optimize their process control loops, understanding the
specific strengths and limitations of coaxial GWR is the first step toward a reliable
installation. For further technical specifications and to explore various probe
configurations, you can Review product options and application support to find the
ideal solution for your facility's requirements.
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