Level Liquid

A practical guide to level liquid, covering the reader intent, the relationship to level
liquid, key evaluation criteria, common risks, and the information the intended
project audience should confirm before taking the next step.
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In industrial process automation, accurately monitoring the level liquid within a
vessel, tank, or open channel is fundamental to operational safety, inventory
management, and process efficiency. Whether the medium is water, corrosive
chemicals, or viscous oils, selecting the correct measurement technology requires
a deep understanding of physical principles and environmental constraints.

As a professional manufacturer of industrial level measurement instruments, Welk
provides a comprehensive range of solutions, including radar level meters,
ultrasonic sensors, and hydrostatic transmitters. This guide explores the core
technologies used to measure level liquid, offering engineering insights to help
project managers and engineers make informed decisions.

| Core Principles of Liquid Level Measurement

Before selecting a device, it is essential to understand how different instruments
perceive the liquid surface. Level measurement is generally categorized into two
types: continuous measurement and point level detection.

| Non-Contact Measurement

Non-contact methods, such as radar and ultrasonic, determine the level without
physically touching the liquid. These are ideal for corrosive, sterile, or abrasive
media where contact could damage the sensor or contaminate the product.

Time-of-Flight (ToF): Both radar and ultrasonic sensors use the ToF principle. The
sensor emits a signal (microwave or sound wave), which reflects off the liquid
surface and returns to the receiver. The distance is calculated based on the speed
of the wave and the time elapsed.
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| Contact Measurement

Contact methods involve a probe or sensor that is immersed in or sits on the liquid.
These are often valued for their reliability in high-pressure or turbulent
environments.

Hydrostatic Pressure: This principle relies on the relationship between the height of
the liquid and the pressure it exerts at the base of the tank.

Displacement and Buoyancy: Technologies like magnetic level gauges use a float
that moves with the liquid surface, providing both visual indication and electronic
signals.

| Primary Level Liquid Measurement Technologies

| 1. Radar Level Meters

Radar level measurement has become the industry standard for challenging
applications. Using high-frequency electromagnetic waves (typically in the 26GHz
or 80GHz range), radar sensors can penetrate dust, vapor, and foam that would
otherwise interfere with sound-based sensors.

FMCW (Frequency Modulated Continuous Wave): Modern radar meters often use
FMCW technology. The sensor emits a continuous signal with a constantly
changing frequency. The difference between the emitted and received frequency is
proportional to the distance, allowing for millimeter-level accuracy.

Advantages: Radar is unaffected by changes in temperature, pressure, or gas
composition in the headspace. It is highly effective for large ranges, often reaching
up to 30 meters (98 feet) or more.
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| 2. Ultrasonic Level Sensors

Ultrasonic sensors are a cost-effective solution for many water treatment and
general industrial applications. They function by emitting high-frequency sound
pulses.

Operational Constraints: Since sound requires a medium to travel, ultrasonic
sensors cannot be used in a vacuum. Furthermore, the speed of sound is affected
by air temperature; therefore, high-quality ultrasonic sensors include integrated
temperature compensation to maintain accuracy.

Best Use Cases: Open channels, sumps, and atmospheric tanks containing
water-based liquids.

| 3. Hydrostatic Level Transmitters

Hydrostatic measurement is based on the formula: $P = \rho \cdot g \cdot h$,
where $P$ is pressure, $\rho$ is the density of the liquid, $g$ is gravity, and $h$ is
the height of the liquid.

Implementation: A pressure transmitter is mounted at the bottom of the tank or
lowered as a submersible probe. It measures the "head pressure" of the liquid
column above it.

Considerations: This method is highly reliable but requires a constant liquid
density. If the density changes due to temperature fluctuations or chemical mixing,
the level reading will require recalibration.

| 4. Magnetic Level Gauges

Magnetic level gauges provide a robust, visual alternative to glass sight gauges.
They consist of a bypass chamber connected to the tank. Inside the chamber, a
float containing a magnet moves with the level liquid. Outside the chamber,
magnetic flaps or a follower indicate the level.
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Safety: Because the liquid is contained within a sealed metal chamber, there is no
risk of glass breakage or leaks, making them suitable for high-pressure and
hazardous chemical storage.

| Selection Criteria for Liquid Level Instruments

Choosing the right instrument involves more than just matching the tank height.
Engineers must evaluate the chemical and physical properties of the process.

BELETY Hydrostatic Magnetic
Gauge

Accuracy Highest Moderate Good Visual / Good
(£1-3mm) (£0.25%) (£0.1-0.5%)
Media Type All (Low Liquids/Solids Liquids Liquids

Dielectric needs
care)

Pressure High (Up to 40 Atmospheric High Very High
bar+)

Temperature Up to 250°C+ -40°C to 80°C Upito 125°C Up to 400°C

Corrosion Excellent Good (Plastic) Depends on Excellent

Resistance (PTFE/Ceramic) Diaphragm (S5316/Ti/PVC)

| Media Characteristics

Dielectric Constant ($er$): For radar measurement, the reflectivity of the liquid
depends on its dielectric constant. Water has a high $&r$ (~80) and is easy to
measure, while hydrocarbons like oil have a low $&r$ (~2), requiring more
sensitive radar electronics.

Viscosity and Coating: If a liquid is highly viscous or prone to coating (like bitumen
or heavy syrups), non-contact sensors are preferred to prevent probe fouling.
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| Tank Geometry and Obstructions

Internal structures like agitators, heating coils, or baffles can create false echoes
for radar and ultrasonic sensors. Modern instruments utilize "false echo
suppression" software to map out these obstructions and ignore them. However,
the physical placement of the sensor remains critical.

| Installation Considerations

To ensure the longevity and accuracy of a level liquid sensor, follow these
engineering guidelines during installation:

1. Avoid the Fill Stream: Never install a sensor directly above the point where
liquid enters the tank. The turbulence and air entrainment will cause erratic
readings.

2. The "Dead Zone" (Blocking Distance): Every ToF sensor has a minimum distance
it cannot measure (usually 100mm to 500mm from the sensor face). Ensure the
maximum liquid level does not enter this zone.

3. Nozzle Dimensions: For radar and ultrasonic units, the mounting nozzle should
be as short and wide as possible to prevent signal interference from the nozzle
walls.

4. Stilling Wells: In tanks with heavy agitation or foam, installing the sensor inside
a stilling well (a vertical pipe) can provide a calm surface for the measurement.

| Maintenance and Troubleshooting

While modern solid-state electronics require minimal maintenance, industrial
environments can be harsh.

Condensation: In high-humidity applications, condensation can form on the sensor
face. While radar can often see through thin films, heavy droplets may attenuate
ultrasonic signals. Using sensors with a PTFE "drip-off" antenna design can mitigate
this.
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Calibration Verification: Periodic verification against a manual dip-tape or a
secondary reference is recommended, especially in regulated industries like water
treatment or chemical processing.

| Frequently Asked Questions (FAQ)

Q: Can radar measure level liquid through a plastic tank wall?

A: Yes. Certain radar frequencies can penetrate plastic or fiberglass tank tops,
allowing the sensor to be mounted outside the tank entirely, which is ideal for
highly aggressive acids.

Q: How does foam affect level measurement?

A: Foam can be problematic. Light, airy foam may be transparent to radar but
absorb ultrasonic waves. Dense, thick foam might reflect the signal prematurely. In
these cases, hydrostatic transmitters or guided wave radar (GWR) are often more
reliable.

Q: Is hydrostatic measurement suitable for pressurized tanks?

A: Standard hydrostatic sensors measure gauge pressure relative to the
atmosphere. For pressurized tanks, a differential pressure (DP) transmitter is
required to subtract the headspace pressure from the total pressure at the bottom.

| Conclusion

Selecting the appropriate technology for monitoring level liquid is a balance of
performance requirements and budget constraints. While radar offers the highest
versatility, hydrostatic and ultrasonic sensors remain vital for specific industrial
niches. For a deeper look at specific hardware configurations and technical
specifications, engineers are encouraged to visit the Main Page to review product
options and application support provided by Welk.

By carefully considering the chemical compatibility, temperature ranges, and tank
dynamics, facilities can ensure accurate, maintenance-free level measurement for
years to come.



