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5301 Radar Level
Transmitter

A practical engineering guide to 5301 radar level transmitter, explaining operating
principles, selection criteria, installation constraints, application risks, and the
information an international buyer should confirm before choosing equipment for
industrial level measurement.
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In the landscape of industrial process control, accurate level measurement is
fundamental to safety, efficiency, and inventory management. The 5301 radar
level transmitter represents a critical technology in the category of Guided Wave
Radar (GWR). Unlike non-contact radar systems that propagate microwaves
through the air, the 5301 series utilizes a physical probe to guide the signal directly
to the process medium. This engineering guide explores the operational physics,
selection criteria, and installation requirements for the 5301 radar level transmitter
to assist engineers and procurement specialists in making informed technical
decisions.

1. Measurement Principle: Guided Wave Radar
(GWR)

The 5301 radar level transmitter operates on the principle of Time Domain
Reflectometry (TDR). This technology is often referred to as "contacting radar" or
"guided wave radar" because the microwave pulses travel along a
waveguide—typically a metal rod or cable—rather than through open space.

| The TDR Process

1. Pulse Emission: The transmitter’'s electronics generate low-power,
high-frequency microwave pulses (usually in the GHz range).

2. Guided Propagation: These pulses are coupled onto a probe. As the pulses travel
down the probe, they move at the speed of light.

3. Reflection: When the pulse encounters a change in the dielectric constant
($er$)—specifically the interface between the upper medium (usually air or vapor)
and the process medium (liquid or solid)—a portion of the pulse energy is reflected
back toward the transmitter.

4. Signal Processing: The device measures the time-of-flight (the interval between
pulse emission and receipt of the reflection). Since the speed of light is constant,
the distance to the surface is calculated as:

Distance = (Speed of Light x Time-of-Flight) / 2

Welk Engineering Guide 2



WELK ENGINEERING GUIDE 5301 Radar Level Transmitter

Because the signal is concentrated along a probe, the 5301 radar level transmitter
is less susceptible to signal attenuation caused by foam, steam, or turbulence
compared to non-contact Radar Level Meters.

| 2. Key Advantages of the 5301 Series

The 5301 series is engineered for high-performance reliability in challenging
environments. Its primary advantages include:

Immunity to Vapor and Dust: Since the signal is guided, changes in the gas phase
(such as varying pressure, temperature, or density) do not significantly affect the
speed of the pulse or the accuracy of the measurement.

Minimal Dielectric Sensitivity: While a reflection requires a dielectric difference,
GWR can measure media with very low dielectric constants ($sr = 1.4%) by utilizing
specialized probe configurations.

Interface Measurement: One of the standout features of the 5301 radar level
transmitter is its ability to measure both the overall level and the interface level
(e.g., the boundary between oil and water) simultaneously, provided the upper
liquid has a lower dielectric constant than the lower liquid.

No Moving Parts: As a solid-state electronic instrument, it requires significantly less
maintenance than mechanical alternatives like float switches or displacers.

| 3. Probe Selection and Material Considerations
Choosing the correct probe is the most critical step in specifying a 5301 radar level

transmitter. The probe type dictates the signal strength and the instrument's
compatibility with the vessel's internal environment.

| Single Lead (Rod or Cable)

Application: Best for liquids with high dielectric constants or viscous media that
might coat the probe.

Pros: Easy to clean, resistant to buildup.
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Cons: Most sensitive to electromagnetic interference (EMI) and proximity to tank
walls or internal obstructions.

| Twin Lead (Double Cable)

Application: Used for long-range measurements in liquids with lower dielectric
constants.

Pros: Better signal-to-noise ratio than single leads.

Cons: Susceptible to bridging if the medium is viscous or contains solids.

| Coaxial Probe

Application: Ideal for low dielectric liquids ($er < 2.0%), turbulent surfaces, and
tanks with many internal obstructions.

Pros: The outer tube acts as a shield, focusing the microwave energy entirely
within the probe. It is unaffected by tank nozzles or nearby metallic structures.

Cons: Not suitable for media that may crystallize or leave heavy deposits, as the
narrow gap between the rod and the outer tube can clog.

| Selection Table for Industrial Applications
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Application Type Recommended Dielectric Range Max Range
Probe (er) (Approx.)

Clean Water / Single Rod 6m (20 ft)
Aqueous Solutions

Large Storage Tanks Single Cable > 2.0 30m+ (100 ft+)
(Fuel/Oil)

LPG / Refrigerants / Coaxial =4 6m (20 ft)
Solvents

Oil/Water Interface Single or Coaxial erl < er2 6m (20 ft)

High Turbulence / Coaxial =z ALl 6m (20 ft)
Boiling

| 4. Installation Considerations and Constraints

To ensure the 5301 radar level transmitter performs to its specified accuracy
(typically £2mm to £5mm), engineers must adhere to strict installation guidelines.

| Nozzle Geometry

For single lead probes, the diameter and height of the mounting nozzle can create
"ringing" or parasitic reflections. It is generally recommended that the nozzle
height be as short as possible. If a tall nozzle is unavoidable, a coaxial probe or a
probe with a dedicated bypass pipe (stilling well) should be used.

| Obstructions and Clearance

Single and twin lead probes have a "detection zone" around them. If the probe is
installed too close to a metallic wall, ladder, or agitator, the microwave pulse may
jump to that object, causing a false high-level reading.

Minimum Clearance: Maintain at least 300mm (12 in) from any metallic obstruction
for single lead probes.
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Coaxial Advantage: Coaxial probes have zero clearance requirements from
external obstructions, as the signal is contained within the tube.

|Dead Zones (Upper and Lower)

Every 5301 radar level transmitter has an upper and lower dead zone (also called
blocking distances).

Upper Dead Zone: The area near the mounting flange where the reflection cannot
be distinguished from the initial pulse. Usually 100mm to 300mm (4 to 12 in).

Lower Dead Zone: The area at the very tip of the probe where the signal may be
lost or distorted.

Engineering Tip: Ensure the maximum expected liquid level does not enter the
upper dead zone to avoid "loss of echo" errors.

| 5. Limitations and Application Risks

While highly versatile, the 5301 radar level transmitter is not a universal solution.
Engineers must be aware of the following risks:

1. Heavy Coating and Bridging: If the process medium is extremely viscous or
tends to solidify, it can create a bridge between the probe and the tank wall (for
single leads) or between the inner and outer elements (for coaxial/twin leads). This
results in the transmitter "locking" at a specific level.

2. Probe Mechanical Stress: In tanks with high-velocity agitators or heavy inflow,
the lateral forces on a long probe can cause it to bend or break. In these cases, the
probe must be anchored to the bottom of the tank or protected by a stilling well.

3. Dielectric Requirements: If the dielectric constant of the medium is too low
(below 1.4), the reflection may be too weak for the electronics to detect. In such
cases, specialized high-sensitivity Radar Level Meters or displacers may be
required.
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| 6. Comparison: GWR vs. Non-Contact Radar

When specifying level instrumentation, the choice between a 5301 radar level
transmitter (GWR) and a non-contact radar transmitter is a common engineering
fork.

Surface Conditions: GWR is superior in applications with heavy foam or boiling
surfaces because the probe guides the signhal through the foam to the liquid.
Non-contact radar often scatters off foam.

Vessel Geometry: GWR is better for narrow tanks or tanks with internal
obstructions that would interfere with a wide-beam non-contact radar.

Installation Effort: Non-contact radar is often preferred for corrosive or hygienic
applications where the user does not want any instrument part touching the
medium. GWR requires the probe to be submerged, necessitating material
compatibility checks (e.g., 316L Stainless Steel, Hastelloy, or PTFE coating).

| 7. Frequently Asked Questions (FAQ)

Q: Can the 5301 radar level transmitter be used in vacuum tanks?

A: Yes. Since the microwave pulse does not require a medium for propagation,
GWR works effectively in full vacuum. However, ensure the flange seal is rated for
vacuum service.

Q: How does the 5301 handle interface measurement?

A: The transmitter detects two reflections: one from the upper liquid (low
dielectric, like oil) and one from the lower liquid (high dielectric, like water). The
electronics calculate the distance to both, providing the interface position and the
total level.

Q: Can the probe be shortened in the field?

A: Most 5301 cable probes can be cut to length in the field. Rod probes may
require factory shortening or specific threading tools. After cutting, the
instrument's configuration software must be updated with the new probe length.
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Q: What information should | provide when requesting a quote?

A: To ensure the correct configuration, specify the medium name, dielectric
constant, operating temperature and pressure, tank height, nozzle dimensions, and
whether there is an agitator present.

| 8. Conclusion for International Buyers

The 5301 radar level transmitter is a robust, high-accuracy solution for complex
industrial level challenges. Its ability to ignore vapor, handle turbulence, and
measure interfaces makes it a staple in chemical processing, oil and gas, and
power generation. When selecting a unit, prioritize probe material compatibility
and dielectric requirements. For applications involving extreme distances or
non-contact requirements, exploring the broader range of Radar Level Meters may
provide additional flexibility for site-specific constraints.

By following the installation and selection guidelines outlined above, plant
engineers can ensure long-term reliability and minimize the total cost of ownership
for their level measurement infrastructure.
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