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In industrial process control, the measurement of small-volume vessels, such as
those with a capacity of 53 liters (531), requires a specialized approach compared
to large-scale storage tanks. While the fundamental physics of level measurement
remain the same, the mechanical constraints of a 53| vessel—often characterized
by shorter heights and narrower diameters—demand high precision and minimal
dead zones. For engineers and system integrators, selecting the right
instrumentation for a 53| application involves balancing accuracy, chemical
compatibility, and the physical footprint of the sensor.

Welk provides a range of industrial level measurement instruments designed to
handle these specific requirements, ensuring that even small-scale processes in
water treatment, chemical dosing, and laboratory automation remain efficient and
reliable.

| Measurement Principles for Small-Volume Vessels

Before selecting a sensor for a 53l tank, it is essential to understand the underlying
measurement principles. Each technology interacts differently with the vessel's
geometry and the medium being measured.

|Radar Level Measurement (FMCW)

Frequency Modulated Continuous Wave (FMCW) radar is increasingly the preferred
choice for small tanks. High-frequency radar (typically 80 GHz) emits a continuous
signal with a varying frequency. The difference between the emitted and received
frequency is proportional to the distance. For a 53| vessel, the narrow beam angle
of 80 GHz radar is critical because it prevents signal interference from the tank
walls or internal agitators.
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| Ultrasonic Level Measurement

Ultrasonic sensors emit sound pulses that reflect off the liquid surface. The
time-of-flight (ToF) determines the distance. While cost-effective, ultrasonic
sensors have a "blind zone" (or dead band) near the transducer face where
measurements cannot be taken. In a 53| tank, which might only be 400 mm to 600
mm (approx. 15.7 to 23.6 inches) tall, a large blind zone can significantly limit the
usable measurement range.

| Hydrostatic Pressure Measurement

This principle relies on the relationship between the height of the liquid and the
pressure exerted at the bottom of the tank (P = pgh). A pressure transmitter
installed at the base of the 53l vessel calculates the level based on the liquid's
density. This method is highly reliable but requires the density of the medium to
remain constant for accurate readings.

| Magnetic Level Gauges

For visual monitoring and point-level switching in a 53| setup, magnetic level
gauges use a float equipped with a magnet. As the float rises and falls, it flips
magnetic flags on an external scale or triggers reed switches. This is a robust,
non-electronic method for local indication.

|Key Evaluation Criteria for 531 Applications

When managing a 53| volume, the margin for error is significantly smaller than in a
5,000-liter tank. Engineers must confirm several technical factors before finalizing
a specification.
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| 1. The "Dead Zone" Challenge

In a 53| vessel, the distance between the maximum fill level and the sensor
mounting point is often very short. If an ultrasonic sensor has a 200 mm (7.8 inch)
blind zone, and the tank is only 500 mm (19.7 inches) high, nearly 40% of the
tank's capacity cannot be measured. Radar sensors generally offer much smaller
dead zones, sometimes as low as 50 mm (1.9 inches), making them more suitable
for these compact dimensions.

| 2. Beam Angle and Internal Obstructions

Small tanks are often crowded with dip tubes, agitators, or heating coils. A wide
beam angle from a low-frequency sensor will hit these obstructions, causing "false
echoes." For a 53| application, a sensor with a beam angle of 3° to 6° is
recommended to ensure the signal targets only the liquid surface.

| 3. Media Properties

Is the 53| tank holding a corrosive chemical, a foaming liquid, or a high-viscosity
oil?

- Foam: Can absorb ultrasonic signals but may be penetrated by radar.
- Corrosives: Require PTFE or PVDF wetted parts.

- Vapor/Steam: Can affect the speed of sound, making ultrasonic less accurate
than radar.

| Selection Table for 531 Level Measurement

Welk Reference Guide 4



WELK REFERENCE GUIDE 531

80 GHz Radar High precision, =1 mm Very Small Higher initial
narrow 53| cost
tanks

Ultrasonic Water-based +0.25% of Moderate Affected by
liquids, range foam and vapor

budget-friendly

Hydrostatic Constant +0.1% to 0.5% None (at Sensitive to
density liquids, bottom) density changes
bottom mount

Magnetic Gauge  Visual check, +5 mmto 10 N/A Requires
high mm side-mounting
pressure/temp bypass

| Installation Considerations for 531 Tanks

Proper installation is as critical as sensor selection. In small-scale 53| systems,
minor alignment errors can lead to significant measurement deviations.

| Nozzle Mounting

If the sensor is mounted on a nozzle, the nozzle's height and diameter must not
interfere with the signal. For radar and ultrasonic sensors, the transducer should
ideally extend slightly past the bottom of the nozzle to prevent internal reflections.
In a 53| tank, keep the nozzle as short as possible.

| Positioning
Avoid mounting the sensor in the exact center of a circular 53! tank if the tank has
a flat top, as this can cause multiple reflections. Conversely, do not mount it too

close to the wall, where the signhal could be distorted. A position approximately 1/3
of the radius from the tank wall is often the "sweet spot."
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| Agitation and Turbulence

If the 53| process involves a mixer, the liquid surface will be turbulent. This can
cause signal scattering. Software filters (damping) can help, but physically, a
stilling well (a pipe inside the tank) may be necessary to provide a calm surface for
the sensor to track.

| Common Risks and Limitations

While industrial instruments are robust, there are specific risks associated with 53|
volumes:

1. Overfill Scenarios: Because the volume is small, a 53| tank can fill very quickly.
The response time of the sensor must be fast enough to trigger an emergency
shut-off valve.

2. Condensation: In small, enclosed vessels, condensation can form on the sensor
face. While radar can often see through light condensation, ultrasonic sensors may
fail if a water droplet bridges the transducer.

3. Scaling: In 53| water treatment applications, mineral buildup on a hydrostatic
probe or a float can cause the sensor to stick or drift. Regular maintenance cycles
are essential.

| Frequently Asked Questions (FAQs)

Q: Can | use a standard 10-meter range sensor for a 53| tank?

A: Yes, but you must ensure the resolution and accuracy are sufficient for the small
range. A sensor designed for 10 meters might have an error margin of 10 mm,
which might be too high for a 53| application where 10 mm represents a significant
percentage of the total volume.

Q: Is radar overkill for a 53| water tank?
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A: Not necessarily. If the tank is in a high-temperature environment or if you need
to measure right up to the top of the vessel, the small dead zone of radar justifies
the cost over ultrasonic.

Q: How do | calibrate a sensor for 5317

A: Most modern sensors are calibrated via a 4-20mA loop or digital interface
(HART, RS485). You define the "Zero" point (empty) at the tank bottom and the
"Span" point (full) at the 53] mark.

| Conclusion

Managing the level of a 53| vessel requires a detailed understanding of the
physical constraints of the tank and the chemical properties of the medium. By
prioritizing sensors with small dead zones, narrow beam angles, and appropriate
material compatibility, engineers can ensure precise control over their small-batch
processes. Whether you require the advanced precision of 80 GHz radar or the
simple reliability of hydrostatic pressure, selecting the right tool is the first step
toward process optimization.

For more detailed technical specifications and to explore our full range of industrial
measurement solutions, please visit our Main Page. Welk offers a comprehensive
portfolio of radar, ultrasonic, and hydrostatic instruments tailored to both
large-scale and small-volume industrial applications.
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