WELK | REFERENCE GUIDE

Radar Level Transmitter
Calculation

A practical guide to radar level transmitter calculation, covering the reader intent,
the relationship to radar level transmitter calculation, 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 automation, precision is the cornerstone of safety and
efficiency. Among the various technologies available for monitoring liquid and solid
levels, Radar Level Meters have emerged as a gold standard due to their
non-contact nature and high accuracy. However, achieving reliable data requires
more than just installing a device; it necessitates a deep understanding of the
underlying radar level transmitter calculation principles, tank geometries, and
environmental variables.

This guide provides a technical deep dive into the calculations and selection
criteria essential for engineers and plant managers working in water treatment,
chemical processing, and oil and gas industries.

1. Measurement Principles: How Radar Technology
Works

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

| Pulse Radar (Time of Flight)

Pulse radar instruments emit a series of high-frequency microwave pulses toward
the medium's surface. These pulses reflect off the surface and return to the
sensor. The device measures the "Time of Flight" (ToF)—the interval between the
emission and the reception of the signal.

|FMCW (Frequency Modulated Continuous Wave)

FMCW radar transmits a continuous signal with a constantly changing frequency (a
frequency sweep). The reflected signal is received and compared to the signal
being transmitted at that exact moment. The difference in frequency (the beat
frequency) is directly proportional to the distance. FMCW is generally preferred for
high-precision applications due to its superior signal-to-noise ratio.
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Regardless of the method, the core physical constant involved is the speed of light
($c \approx 300,000% km/s). Because the signal travels to the surface and back,
the distance calculation must account for the round trip.

| 2. Fundamental Radar Level Transmitter Calculation

The primary output of a radar sensor is the distance from the sensor's reference
point to the product surface. To convert this into a meaningful "level" or "volume"
reading, several parameters must be defined.

| The Distance Formula

The basic formula for distance ($D$) in a pulse-based system is:
$$D = \frac{c \times t}{2}%$%$

Where:

$D$: Distance from the sensor to the material surface (meters).

$c$: Speed of light in the medium (approximately $3 \times 1078%$ m/s in a
vacuumy/air).

$t$: Measured transit time (seconds).

| Calculating the Level

To find the actual level of the material ($L$), the transmitter uses the tank's
reference height ($H$), which is the distance from the sensor's zero point to the
bottom of the tank:

$3$L=H-D3$$

In a B2B engineering context, the accuracy of the radar level transmitter
calculation depends heavily on the precision of the initial $H$ measurement. If the
reference height is programmed incorrectly into the transmitter's software, the
resulting level data will carry a constant offset error.
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|3. The Role of the Dielectric Constant ($&r$)

One of the most critical factors in radar measurement is the dielectric constant
($er$) of the medium. The dielectric constant determines the reflectivity of the
microwave signal.

High $er$ (e.g., Water, $sr = 80%): Most of the radar energy is reflected, resulting
in a very strong echo and high calculation reliability.

Low $er$ (e.g., Hydrocarbons/Oils, $er = 1.9% to $4.0%): Much of the signal
penetrates the medium or is absorbed. The reflected echo is weak, requiring more
sensitive electronics and advanced signal processing to ensure the calculation
remains accurate.

If the dielectric constant is extremely low (below 1.4), standard non-contact radar
may struggle, and Guided Wave Radar (GWR) or specialized high-frequency FMCW
units are often recommended.

| 4. Signal Beam Angle and Obstruction Calculations

When installing Radar Level Meters, engineers must calculate the "beam footprint"
to avoid false reflections from tank internals like ladders, agitators, or heating
coils.

The beam angle ($69%) is typically provided by the manufacturer. The diameter of
the radar beam ($W$) at a specific distance ($D$) can be calculated using the
following trigonometric formula:

$$W = 2 \times D \times \tan\left(\frac{0}{2}\right)$$

Example Calculation:

If a radar unit has a beam angle of 10° and the tank is 10 meters deep:
$W = 2 \times 10 \times \tan(5°)%

$W = 20 \times 0.0875%
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SW = 1.75% meters

This means at the bottom of the tank, the radar signal covers a circle with a
diameter of 1.75 meters. If any metallic obstruction enters this 1.75-meter zone, it
may create a "false echo," leading to an incorrect level calculation. Modern
transmitters allow for "False Echo Suppression," where the device learns the fixed
reflections and ignores them, but proper placement remains the best practice.

5. From Level to Volume: Tank Geometry
Calculations

In many industrial applications, the end goal is not the level in meters, but the
volume in cubic meters ($m~™3%$) or liters. This requires the transmitter to apply a
strapping table or a geometric formula based on the tank shape.

| Vertical Cylindrical Tanks
For a standard vertical tank with a flat bottom:
$3$V = n\times r~2 \times L$$

Where $r$ is the tank radius and $L$ is the calculated level.

| Horizontal Cylindrical Tanks

Calculating volume in a horizontal tank is more complex because the volume is not
linearly proportional to the level. The formula for a partially filled horizontal
cylinder is:

$$V = L{cyl} \times \left[ r~2 \cos™ {-1 \left(\frac{r-L} {r}\right) - (r-L) \sqrt{2rL -
L~2} \right]$$

Where $L{cyl}$ is the length of the cylinder. Most modern radar transmitters have
these formulas pre-programmed; the user only needs to input the tank dimensions.
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| 6. Practical Selection Table for Radar Level Meters

Choosing the right instrument involves balancing frequency, antenna type, and
process conditions. The following table serves as a general reference guide.

6GHz / 26GHz 80GHz Radar Guided Wave
Radar Radar (GWR)

Best Use Case Large tanks, heavy Narrow tanks, high Small tanks, low
dust, steam precision, liquids dielectric liquids,

foam

Beam Angle Wider (10° - 20°) Narrow (3° - 8°) N/A (signal follows
probe)

Accuracy +3mm to £10mm +1mm to £2mm +2mm to £5mm

Obstruction Risk High Low Low (if probe is
clear)

Max Range Up to 30-70m Up to 120m Up to 30m

| 7. Installation Considerations and Limitations

Even with a perfect radar level transmitter calculation, physical installation errors
can compromise data integrity. Engineers should consider the following:

1. The Blind Zone (Blocking Distance): Every radar has a minimum detection
distance near the antenna (typically 100mm to 500mm). If the liquid rises into this
zone, the measurement becomes unreliable.

2. Nozzle Height and Diameter: The mounting nozzle should be as short as
possible. If the nozzle is too long or narrow, the radar signal may reflect off the
nozzle's inner edge before even entering the tank.

3. Vapor and Pressure: While radar is largely unaffected by pressure, extremely
high-density vapors (found in some high-pressure boiler applications) can slightly
change the speed of the microwave signal, requiring a propagation constant
correction in the calculation.
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4. Foam Interference: Heavy, dense foam can absorb radar signals. In such cases,
lower frequency radars (which penetrate foam better) or Guided Wave Radar are
more effective than high-frequency 80GHz units.

|8. Frequently Asked Questions (FAQs)

Q: Does the temperature of the gas space affect the radar level transmitter
calculation?

A: Unlike ultrasonic sensors, which depend on the speed of sound (highly
temperature-dependent), radar uses electromagnetic waves. The speed of light is
essentially constant across industrial temperature ranges, making radar much
more stable in fluctuating environments.

Q: How do | handle a tank with a conical bottom?

A: For tanks with conical or dished bottoms, the transmitter's volume calculation
must be split into two parts: the volume of the cylinder and the volume of the
cone. Most Welk radar transmitters allow for custom "tank shapes" where you can
input the height of the cone ($h{cone}$) to ensure accurate volume reporting
even when the tank is nearly empty.

Q: What is the impact of an agitator on the calculation?

A: Agitators create dynamic interference. To mitigate this, use a transmitter with a
high update rate and enable "agitation filtering" or "echo tracking." This allows the
software to distinguish between the moving blades and the relatively stable liquid
surface.

| Conclusion

Accurate radar level transmitter calculation is the result of combining robust
physics with precise site-specific data. By understanding the relationship between
the reference height, the dielectric constant of the medium, and the beam
geometry, process engineers can ensure long-term reliability and safety.
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For complex applications involving corrosive chemicals or high-pressure
environments, selecting a manufacturer like Welk ensures access to advanced
signal processing features that simplify these calculations. Whether you are
managing a simple water reservoir or a complex chemical reactor, the right Radar
Level Meters provide the data integrity required for modern industrial automation.
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