WELK | REFERENCE GUIDE

Radar Level Transmitter
Formula

A practical guide to radar level transmitter formula, covering the reader intent, the
relationship to radar level transmitter formula, 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 realm of industrial process automation, the ability to accurately measure the
contents of a vessel without physical contact is a significant advantage. Radar
technology has become the gold standard for these applications due to its
reliability in harsh environments. For engineers and technicians, understanding the
core radar level transmitter formula and the underlying physics is essential for
selecting, installing, and calibrating Radar Level Meters effectively.

Welk, as a professional manufacturer of industrial level measurement instruments,
provides advanced radar solutions designed to handle the complexities of water
treatment, chemical processing, and oil and gas operations. This guide explores
the mathematical principles and practical considerations required to master radar
level measurement.

| Measurement Principles of Radar Level Meters

Before diving into specific formulas, it is necessary to understand how radar
instruments perceive distance. Industrial radar level transmitters generally utilize
one of two primary technologies: Pulse Radar (Time of Flight) or Frequency
Modulated Continuous Wave (FMCW).

| 1. Pulse Radar (Time of Flight)

Pulse radar works by emitting a high-frequency electromagnetic pulse toward the
surface of the medium. The pulse reflects off the material and returns to the
sensor. The instrument measures the time elapsed between emission and
reception. Because electromagnetic waves travel at the speed of light, these time
intervals are incredibly short, requiring high-precision electronics to resolve.
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|2. Frequency Modulated Continuous Wave (FMCW)

FMCW radar does not send discrete pulses. Instead, it transmits a continuous
signal with a frequency that changes linearly over time (a frequency sweep). The
signal reflected from the material surface is received and mixed with the signal
being transmitted at that moment. The difference in frequency ($Af$) between the
transmitted and received signals is directly proportional to the distance the wave
has traveled. FMCW is often preferred for high-precision applications due to its
superior signal-to-noise ratio.

| The Fundamental Radar Level Transmitter Formula

The calculation of the level within a tank involves two steps: determining the
distance from the sensor to the material surface and then subtracting that distance
from the total height of the vessel.

| The Distance Formula

For pulse-based systems, the fundamental radar level transmitter formula for
distance ($D%) is:

$$D = \frac{c \cdot t}{2}%%
Where:

$D$%: The distance from the reference point of the sensor to the surface of the
medium (measured in meters, m).

$c$: The speed of light in the medium (approximately $3 \times 1078%$ m/s in a
vacuum or air).

$t$: The measured transit time (the total time for the pulse to travel to the surface
and back, measured in seconds, s).

The result is divided by 2 because the time $t$ represents a round trip.
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| The Level Calculation Formula

Once the distance ($D$%) is known, the actual level ($L%) of the material is
calculated based on the tank geometry:

$$L = E-D3$$
Where:
$L$: The current level of the product (m).

$ES$: The "Empty Distance" or the distance from the sensor reference point to the
zero-level point (usually the bottom of the tank).

| The FMCW Frequency Shift Formula

In FMCW systems, the distance is derived from the frequency difference. The
formula is expressed as:

$$D = \frac{c \cdot \Delta f} {2 \cdot S}$$%
Where:
$\Delta f$: The measured frequency difference (Hz).

$5%: The sweep rate or frequency slope (Hz/s), which is the rate at which the
transmitter changes its frequency.

| Key Factors Influencing the Formula Accuracy

While the basic formulas appear straightforward, several environmental and
physical factors can influence the variables, particularly the speed of light ($c$)
and the strength of the reflected signal.
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| Dielectric Constant ($er$)

The dielectric constant of the material being measured is the most critical factor in
determining signal reflection. Radar waves reflect most efficiently off materials
with high dielectric constants (e.g., water, $er \approx 80%). Materials with low
dielectric constants (e.g., hydrocarbons, $er < 2.0%) reflect less energy, meaning
the transmitter must be more sensitive to detect the return echo. If the dielectric
constant is extremely low, the signal may pass through the material and reflect off
the tank bottom, leading to false readings.

|Vapor Space Composition

The speed of light ($c$) is constant in a vacuum. In most industrial tanks, the
"vapor space" is filled with air, nitrogen, or process vapors. While the speed of light
in air is very close to its speed in a vacuum, high-pressure gases or heavy
chemical vapors can slightly change the refractive index, slowing the wave and
introducing a small measurement error if not compensated for.

| Practical Selection Table for Radar Level Meters

Choosing the right instrument depends on the frequency and the nature of the
application. High-frequency (80 GHz) radar offers a narrower beam, while
lower-frequency (26 GHz) radar is often more robust in dusty environments.

Welk Reference Guide 5



WELK REFERENCE GUIDE Radar Level Transmitter Formula

26 GHz Radar 80 GHz Radar Guided Wave
Radar (GWR)

Measurement Range Up to 30m - 70m Up to 120m Up to 30m
Beam Angle Wide (approx. Narrow (approx. N/A (Contact)
8°-20°) 3°-4°)
Accuracy =3mm to £5mm =1lmm to £2mm *2mm to £5mm
Dust/Steam Excellent Good Excellent
Resistance
Small Vessel Moderate Excellent Excellent
Suitability
Typical Application Large storage tanks, Process vessels, Interface
solids narrow tanks measurement, low
Dk

| Installation Considerations and Best Practices

To ensure the radar level transmitter formula yields accurate results, the physical
installation must minimize interference and maximize signal quality.

1. Avoid the Center of the Tank: Do not mount the radar meter in the exact center
of a dome-roofed tank. This can cause multiple reflections to converge at the
sensor, creating "ghost" echoes that confuse the signal processing algorithms.

2. Maintain Distance from Walls: The sensor should be installed at a distance from
the tank wall (typically 1/6 to 1/4 of the tank diameter) to prevent the beam from
reflecting off the wall or internal weld seams.

3. Nozzle Height and Diameter: Ensure the antenna extends past the mounting
nozzle. If the antenna is recessed deep within a narrow nozzle, the "ringing" effect
of the signal bouncing within the pipe can create a large "dead zone" or blind spot
at the top of the tank.

4. Obstruction Clearance: Identify internal structures like agitators, heating coils,
or ladders. Modern Radar Level Meters feature "false echo suppression"” software
that allows the user to map out these obstructions so the transmitter ignores them.
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5. Perpendicular Alignment: The antenna must be mounted perpendicular to the
liquid surface. For solid materials with an angle of repose, an adjustable flange
may be required to aim the beam at the material slope for the best return signal.

| Limitations of Radar Level Measurement

While highly versatile, radar technology has specific limitations that engineers
must account for during the design phase:

Heavy Foam: Dense, thick foam can absorb the radar signal entirely, preventing
any reflection from reaching the sensor. In such cases, Guided Wave Radar (GWR)
or ultrasonic sensors may be more appropriate, depending on the foam's
consistency.

Extremely Low Dielectric Media: Materials with $er < 1.4% (such as liquid helium or
certain liquefied gases) provide very weak reflections. Special high-sensitivity
antennas or GWR with coaxial probes are often required.

Turbulence: Extreme surface agitation can scatter the radar signal. While software
filtering can smooth out the readings, severe turbulence may require a stilling well
or bypass chamber to provide a calm surface for measurement.

|Frequent|y Asked Questions (FAQs)

Q: Does temperature or pressure affect the radar
level transmitter formula?

A: Generally, no. Unlike ultrasonic waves, which rely on air density and
temperature to travel, radar waves are electromagnetic. They are largely
unaffected by changes in tank temperature or pressure, making them ideal for
vacuum or high-pressure reactors.
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|Q: What is the "Dead Zone" (Blocking Distance)?

A: The dead zone is the area immediately below the antenna where the
transmitter cannot accurately measure. This is due to the time required for the
electronics to switch from "transmit" to "receive" mode. In the formula, if $D$ is
less than the dead zone distance, the reading will be unreliable.

Q: Can radar measure the interface between two
liquids?

A: Standard non-contact radar is typically used for the top surface. For interface
measurement (e.g., oil over water), Guided Wave Radar (GWR) is the preferred
technology, as it can detect the change in dielectric constant at the boundary
between the two liquids.

Q: How do I verify the accuracy of the formula in the
field?

A: Verification is usually done through a "dip tape" measurement. The manual
measurement (distance from the top to the surface) should match the $D$ value
reported by the transmitter. If they differ, check the "Empty Distance" ($E$) setting
or look for interference near the top of the tank.

| Conclusion

Mastering the radar level transmitter formula is about more than just knowing the
speed of light; it is about understanding how the process environment interacts
with electromagnetic energy. By correctly calculating the distance and level, and
accounting for factors like dielectric constants and tank geometry, engineers can
ensure high-precision control over their industrial processes.
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For those seeking reliable, cost-effective measurement hardware, Welk offers a
comprehensive range of Radar Level Meters tailored for diverse industrial needs.
Whether dealing with corrosive chemicals, high-temperature steam, or bulk solids,
selecting the right radar technology ensures long-term operational efficiency and
safety.
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