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In modern industrial automation, a water control device serves as the critical
interface between physical fluid states and electronic control systems. Whether
managing municipal wastewater, cooling towers in power plants, or chemical
processing tanks, the ability to accurately measure and regulate water levels is
fundamental to operational safety and efficiency. This guide examines the primary
technologies used in level-based water control, their underlying physical principles,
and the engineering considerations required for successful implementation.

Core Principles of Level Measurement in Water
Control

To select the appropriate water control device, one must first understand the
physics of how level is detected. Industrial instruments generally fall into two
categories: continuous level measurement and point level detection.

| Radar Level Measurement (Non-Contact)

Radar transmitters utilize high-frequency electromagnetic waves, typically in the
26GHz or 80GHz range. The device emits a signhal that travels to the water surface,
reflects, and returns to the sensor. By measuring the time-of-flight or the
frequency shift (FMCW), the device calculates the distance to the liquid. Because
electromagnetic waves do not require a medium, radar is unaffected by vacuum,
pressure, or temperature fluctuations. It is the preferred water control device for
volatile or high-purity environments.

|UItrasonic Level Measurement (Non-Contact)

Ultrasonic sensors function similarly to radar but use sound waves instead of
electromagnetic waves. The transducer emits an ultrasonic pulse that bounces off
the water surface. The time taken for the echo to return is proportional to the
distance. While cost-effective, ultrasonic measurement is sensitive to air
temperature (which affects sound speed), heavy foam, and significant dust or
steam, which can attenuate the acoustic signal.
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|Hydrostatic Level Measurement (Contact)

Based on Pascal’s Law, hydrostatic transmitters measure the pressure exerted by
a liquid column. The pressure at the bottom of a tank is directly proportional to the
height of the water and its density ($P = \rho gh$). Submersible hydrostatic
sensors are widely used in deep wells, reservoirs, and open water bodies where
mounting a sensor at the top of a vessel is impractical.

|Magnetic Level Gauges (Visual and Electronic)

Magnetic level gauges consist of a bypass chamber attached to the side of a
vessel. Inside, a float containing a permanent magnet rises and falls with the water
level. This magnet actuates external flags for visual indication or a reed-chain
transmitter for electronic signal output. This technology provides a fail-safe visual
reference alongside automated control signals.

| Level Switches (Point Detection)

Level switches are used for discrete control—identifying when water reaches a
specific high or low threshold. Technologies include tuning forks (vibration), float
switches, and capacitive probes. These are essential for preventing tank overflows
or protecting pumps from running dry.

| Practical Selection Table for Water Control Devices

Choosing the right technology requires balancing environmental constraints
against accuracy requirements. The following table provides a comparison of the
most common technologies used in industrial water management.
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Technology Accuracy Measurement Media Best For
RET L[] Compatibility
80GHz Radar =1 mm Up to 30m (98ft)  Corrosive, Precision
Steamy, Clean process control
Ultrasonic +0.25% FS 0.5m to 15m Clean water, Open channels,
(49ft) Wastewater Sumps
Hydrostatic +0.1% to 0.5% Up to 200m Clean, Sludge Deep wells,
(656ft) Boreholes
Magnetic Gauge =5 mm 0.3m to 6m High pressure, Boiler drums,
(20ft) High temp Chemical tanks
Tuning Fork N/A (Point) Fixed Point Most liquids Overfill
protection

|App|ication-Specific Recommendations

| Municipal and Wastewater Treatment

In wastewater applications, the presence of foam, suspended solids, and varying
chemical compositions makes non-contact measurement ideal. Ultrasonic sensors
are frequently used for open channel flow measurement in flumes and weirs.
However, if the application involves heavy foam or steam—common in digestion
tanks—radar is the superior water control device due to its ability to penetrate
surface disturbances.

| Industrial Cooling and Process Water

Cooling towers and process water tanks often face rapid level changes and
turbulence. In these scenarios, a combination of continuous radar measurement
for modulation and a mechanical or tuning fork switch for high-level alarms
provides a redundant safety layer. For pressurized vessels, a magnetic level gauge
offers a robust solution that remains functional even during power outages.

Welk Reference Guide 4



WELK REFERENCE GUIDE Water Control Device

| Deep Well and Reservoir Monitoring

For groundwater management, submersible hydrostatic transmitters are the
industry standard. These devices are designed with IP68 ratings and atmospheric
pressure compensation tubes within the cable to ensure that changes in
barometric pressure do not skew the level readings. For a full range of industrial
instrumentation, engineers can Review product options and application support to
match specific depth and material requirements.

| Installation Considerations

The reliability of a water control device is often determined more by its installation
than its internal electronics. Engineers should adhere to the following guidelines:

1. Dead Zones (Blocking Distance): Every ultrasonic and radar sensor has a "dead
zone" directly beneath the transducer where measurement is impossible. Ensure
the sensor is mounted high enough that the water level never enters this zone.

2. Obstructions: Internal tank structures such as ladders, pipes, or agitators can
cause false echoes. Modern radar devices offer "false signal suppression,"” but it is
best practice to mount the sensor with a clear line of sight to the liquid surface.

3. Nozzle Geometry: For radar and ultrasonic units, the mounting nozzle should be
short and wide enough to prevent the sighal from reflecting off the nozzle walls
before it reaches the tank.

4. Turbulence and Foam: If the water surface is highly turbulent, a stilling well (a
vertical pipe) can be used to provide a calm surface for the sensor to measure.
This is particularly useful for hydrostatic and radar technologies.

5. Alignment: Non-contact sensors must be mounted perpendicular to the water
surface. Even a few degrees of tilt can significantly reduce the strength of the
returned signal, especially on smooth liquid surfaces.
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| Limitations and Environmental Factors

While modern water control devices are highly advanced, they are not universal
solutions. Understanding their limitations prevents field failures.

Dielectric Constant: Radar relies on the reflectivity of the medium. While water has
a high dielectric constant (~80) and is easy to detect, hydrocarbons or ultrapure
water have lower values, which may require specialized high-sensitivity radar
units.

Temperature Gradients: Ultrasonic waves change speed based on air temperature.
Most high-quality ultrasonic water control devices include integrated temperature
compensation, but extreme gradients (e.g., very hot water in a cold environment)
can still cause errors.

Specific Gravity Changes: Hydrostatic sensors measure weight, not volume. If the
density of the water changes significantly—due to high salt concentration or
chemical additives—the sensor must be recalibrated to reflect the new specific
gravity.

| Frequently Asked Questions (FAQ)

Q: Can | use an ultrasonic sensor for boiling water?

A: Generally, no. Boiling water creates heavy steam and turbulence. Steam
absorbs ultrasonic sound waves, leading to signal loss. Radar is the recommended
water control device for such applications.

Q: How often do hydrostatic sensors need recalibration?

A: In clean water, hydrostatic sensors are very stable and may only need checking
once a year. In wastewater or silty environments, the sensor diaphragm may
become coated or clogged, requiring more frequent maintenance and cleaning.

Q: What is the benefit of an 80GHz radar over a 26GHz radar for water?
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A: 80GHz radar has a much narrower beam angle. This allows it to be installed in
smaller nozzles and prevents interference from tank walls or internal obstructions
more effectively than 26GHz models.

Q: Is a stilling well necessary for all radar installations?

A: No. Stilling wells are typically only necessary if there is extreme foam, heavy
surface agitation, or if the dielectric constant of the liquid is extremely low. For
most standard water tanks, a free-air radar installation is sufficient.

| Conclusion

Selecting the correct water control device is a balance of physics, environment,
and budget. For precision and challenging environments, radar offers the highest
reliability. For cost-sensitive or open-air applications, ultrasonic and hydrostatic
technologies provide proven performance. By understanding the measurement
principles and installation requirements detailed above, facility managers can
ensure long-term accuracy and safety in their water management systems. For
more detailed technical specifications and to find the right hardware for your
project, visit the Main Page of our instrumentation catalog.
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