WELK | REFERENCE GUIDE

Radar Level Transmitter for
Water Tank

A practical guide to radar level transmitter for water tank, covering the reader
intent, the relationship to radar level transmitter for water tank, 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 water management, maintaining precise inventory control and
preventing overflows or dry-run conditions is critical. While various technologies
exist for liquid level monitoring, the radar level transmitter for water tank
applications has become the preferred choice for engineers seeking high accuracy
and low maintenance. Unlike contact-based methods or ultrasonic sensors, radar
technology operates independently of air temperature, pressure, and vapor
composition, making it exceptionally reliable for diverse water storage
environments.

| Understanding Radar Measurement Principles

Before selecting a specific instrument, it is essential to understand how Radar
Level Meters function. Industrial radar transmitters generally employ one of two
primary measurement principles: Pulse Radar or Frequency Modulated Continuous
Wave (FMCW).

| Pulse Radar (Time of Flight)

Pulse radar transmitters emit short microwave pulses toward the surface of the
water. The instrument measures the "Time of Flight" (ToF)—the time it takes for
the pulse to travel to the liquid surface and reflect back to the sensor. Since the
speed of light ($c$) is constant, the distance ($d$) is calculated using the formula:

$$d = \frac{c \times t}{2}$%

Where $t$ is the measured transit time. This method is energy-efficient and
suitable for many standard water storage applications.
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|FMCW (Frequency Modulated Continuous Wave)

Modern high-precision transmitters often use FMCW technology. Instead of discrete
pulses, the transmitter emits a continuous signal with a constantly changing
frequency. The difference in frequency between the emitted signal and the
reflected signal is proportional to the distance. FMCW radar, particularly those
operating at 80GHz, offers superior resolution and a much higher signal-to-noise
ratio compared to traditional pulse radar, allowing for measurement accuracies
within 1 mm (0.04 in).

Why Use a Radar Level Transmitter for Water Tank
Applications?

Water storage might seem like a simple application, but environmental variables
can interfere with other sensor types. Radar offers several distinct advantages:

1. Non-Contact Measurement: The sensor never touches the water, preventing
corrosion, scaling, or biological fouling from affecting the electronics.

2. Atmospheric Immunity: Unlike ultrasonic sensors, radar waves are not affected
by air temperature fluctuations, wind, or the presence of steam and vapors above
the water surface.

3. High Dielectric Reflection: Water has a high dielectric constant ($\\epsilonr
\approx 80%), making it an excellent reflector for radar signals. This ensures a
strong return signal even at long ranges.

4. Maintenance-Free Operation: With no moving parts and no contact with the
medium, these transmitters require significantly less calibration and cleaning than
hydrostatic or float-based systems.

| Practical Selection Criteria

Selecting the right radar level transmitter for water tank projects requires
evaluating the tank geometry, the water's state, and the installation environment.
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| Frequency Selection: 26GHz vs. 80GHz

26GHz Radar: Often used for large, open reservoirs or tanks with simple
geometries. It has a wider beam angle, which can be useful if the surface is slightly
turbulent, but it requires more clearance from tank walls.

80GHz Radar: The current industry standard for precision. It features a very narrow
beam angle (often as small as 3°), allowing it to be installed in narrow tanks, tanks
with internal obstructions (like ladders or pipes), or through small nozzles without
interference.

| Selection Table for Water Tank Applications

Tank Type Water Recommended | Typical Key Benefit
Condition Technology Frequency
Potable Water Calm, clean Non-contact 80 GHz High accuracy,
Tank Radar hygienic
Wastewater Turbulent, foam Radar with 26 GHz / 80 Penetrates light
Sump advanced GHz foam
filtering
Cooling Tower Steam, high Radar 80 GHz Immune to
Basin temp vapor/steam
Chemical/Process Corrosive PTFE-sealed 80 GHz Chemical
Water additives Radar resistance
Large Reservoir Outdoor, wind High-power 26 GHz Long-range
Radar stability

| Installation Considerations and Best Practices

Even the most advanced radar level transmitter for water tank will underperform if
installed incorrectly. Follow these engineering guidelines to ensure optimal signal
integrity.

Welk Reference Guide 4



WELK REFERENCE GUIDE Radar Level Transmitter for Water Tank

| 1. Nozzle and Mounting Position

The sensor should be mounted vertically, perpendicular to the water surface. Avoid
installing the transmitter in the center of a circular tank, as this can lead to
multiple reflections (parabolic effect) that confuse the sensor. Ideally, place the
sensor at 1/2 to 1/3 of the tank radius from the wall.

| 2. Avoiding Obstructions

The radar beam spreads as it travels. Ensure the "beam path" is clear of internal
structures such as:

Inlet pipes and spray balls
Ladders or manway frames
Heating coils or agitators

If using an 80GHz transmitter, the narrow beam makes it easier to avoid these
obstacles. If an obstacle is unavoidable, most modern Radar Level Meters include a
"False Echo Suppression" feature, allowing the software to ignore static reflections
from fixed internal structures.

|3. The Dead Zone (Blocking Distance)

Every radar sensor has a minimum detection distance, often called the dead zone
or blocking distance. This typically ranges from 50 mm to 300 mm (2 in to 12 in)
from the antenna tip. Ensure the maximum expected water level does not enter
this zone, or the measurement will become unreliable.
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| 4. Nozzle Height and Diameter

For flange-mounted units, the nozzle should be as short and wide as possible. If the
nozzle is too long or narrow, the radar signal may reflect off the nozzle walls
before reaching the tank, creating a large "initial echo" that obscures the actual
water level near the top.

| Limitations and Environmental Factors

While radar is highly versatile, engineers should be aware of specific limitations:

Heavy Foam: While radar can penetrate light foam, extremely thick, dense foam
(similar to shaving cream) can absorb or scatter the radar signal. In such cases, a
guided wave radar (GWR) or a specific low-frequency radar may be required.

Extreme Turbulence: Rapidly moving water surfaces can scatter the signal. This is
usually managed through software averaging (damping) or by installing the radar
inside a stilling well (a vertical pipe that stabilizes the water level).

Vacuum Conditions: While radar works in a vacuum, the sealing materials of the
transmitter must be rated for the specific pressure or vacuum levels of the tank.

|Frequent|y Asked Questions (FAQs)

Q: Can a radar level transmitter for water tank use work through a plastic tank
roof?

A: Yes. Since plastic (like HDPE or PP) is transparent to microwaves, radar sensors
can often measure the level through the top of a plastic tank without a hole,
provided the plastic is not carbon-filled or excessively thick. This is a common
solution for IBCs and small chemical totes.

Q: How does rain or condensation affect the sensor?
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A: Condensation on the antenna can attenuate the signal. Modern radar sensors
often use PTFE or PEEK lenses with a convex shape to encourage water droplets to
run off. For outdoor installations, a weather shield is recommended to prevent
heavy rain from accumulating on the sensor face.

Q: Is calibration required frequently?

A: No. Radar transmitters are factory-calibrated. Once the tank height and 4-20mA
(or digital) range are set during commissioning, the device typically requires no
further calibration because the speed of the microwave signal is a physical
constant.

| Conclusion

Implementing a radar level transmitter for water tank monitoring provides a
robust, low-maintenance solution for industrial and municipal water systems. By
selecting the appropriate frequency—such as 80GHz for precision in confined
spaces—and adhering to proper installation clearances, facilities can achieve
reliable level data that enhances operational efficiency. For complex tank
geometries or specialized water treatments, consulting with a manufacturer like
Welk ensures that the instrument's specifications align with the specific dielectric
and environmental demands of the application.
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