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In the landscape of industrial process control, the ultrasonic level meter has
established itself as a cornerstone technology for non-contact liquid and solid level
measurement. Renowned for its reliability, ease of installation, and lack of moving
parts, this instrument is a preferred choice across water treatment, chemical
processing, and general manufacturing sectors. As a professional manufacturer,
Welk provides a comprehensive range of these instruments designed to meet the
rigorous demands of modern industrial automation.

Understanding the technical nuances of an ultrasonic level meter—from its core
physics to its installation requirements—is essential for engineering teams tasked
with optimizing vessel monitoring and inventory management. This guide provides
a detailed technical overview of how these devices operate, how to select the
correct model, and how to ensure long-term accuracy in various process
environments.

| Measurement Principles of Ultrasonic Technology

The operation of an ultrasonic level meter is based on the "Time-of-Flight" (ToF)
principle. This method relies on the transmission and reception of high-frequency
sound waves to determine the distance between the sensor and the material
surface.

| The Transducer Cycle

At the heart of the instrument is a piezoelectric transducer. When energized with
an electrical pulse, the transducer vibrates at a specific frequency (typically
between 20 kHz and 200 kHz), emitting a burst of ultrasonic sound waves. These
waves travel through the air or gas space in the tank until they strike the surface
of the medium being measured.

Upon impact, a portion of the sound energy is reflected back toward the sensor as
an echo. The transducer then switches to a receiving mode, acting as a
microphone to detect the returning pulse. The electronics within the meter
measure the exact time elapsed between the transmission of the pulse and the
reception of the echo.
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| The Calculation Formula

The distance ($D$%) from the sensor to the material surface is calculated using the
following formula:

$$D = \frac{c \times t}{2}%$%$
Where:
$c$ is the speed of sound in the medium (usually air).

$t$ is the total transit time (the time it takes for the pulse to travel to the surface
and back).

Since the height of the vessel ($H$) is a known constant entered during calibration,
the actual level ($L$) of the material is determined by subtracting the measured
distance from the total height: $L = H - DS.

| The Role of Temperature Compensation

The speed of sound is not a fixed constant; it varies significantly with temperature.
In air, the speed of sound changes by approximately 0.6 meters per second for
every degree Celsius change. To maintain accuracy, a high-quality ultrasonic level
meter includes an integrated temperature sensor. The internal microprocessor
uses the real-time temperature data to adjust the speed of sound value in the
calculation, ensuring that seasonal or process-driven temperature fluctuations do
not result in measurement errors.

| Key Components and Construction

An industrial-grade ultrasonic level meter consists of several critical components
housed within a rugged enclosure designed for harsh environments.

1. The Transducer (Probe): Often constructed from PVDF (Polyvinylidene fluoride),
PP (Polypropylene), or PTFE (Polytetrafluoroethylene) to resist chemical corrosion.
The face of the transducer is the most sensitive part and must be kept clean of
heavy condensation or buildup.

Welk Reference Guide 3



WELK REFERENCE GUIDE Ultrasonic Level Meter

2. Signal Processing Electronics: Modern units utilize advanced Digital Signal
Processing (DSP) algorithms. These algorithms are capable of "False Echo
Suppression," allowing the meter to distinguish between the true level echo and
reflections caused by internal tank obstructions like ladders, agitators, or weld
seams.

3. The Transmitter/Display: This component converts the processed signal into a
standard industrial output, such as a 4-20mA analog signal, HART protocol, or
RS485 Modbus. Local LCD displays allow for on-site calibration and real-time
monitoring.

4. Housing: Usually rated IP66, IP67, or IP68, the housing protects the electronics
from moisture, dust, and UV exposure. For hazardous areas, explosion-proof or
intrinsically safe versions are required.

|Practica| Selection Criteria

Choosing the right ultrasonic level meter requires an analysis of the application's
physical and chemical parameters. Engineers must balance the required
measurement range with the environmental conditions of the vessel.

| Selection Table: Application Comparison

Standard Liquid Solids/Powder Corrosive Chemical
Application Application Storage
Recommended 0.4m to 15m (1.3ft to 0.4m to 10m (1.3ft to 0.25m to 10m (0.8t
Range 49ft) 33ft) to 33ft)
Transducer Material ABS or Polypropylene  Reinforced PVDF or PTFE
(PP) Polypropylene
Beam Angle Standard (approx. Narrow (approx. Standard (approx.
8°-10°) 5°-7°) 8°-10°)
Signal Processing Standard Echo High-Gain / Dust Chemical Vapor
Tracking Penetration Compensation
Mounting G2" Thread or Flange = Aiming Flange (to PTFE Flange or
handle angles) Thread
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| Evaluating the Measurement Range

It is a common mistake to select a meter with a maximum range exactly equal to
the tank height. It is recommended to choose a device with a range roughly 20%
greater than the actual depth of the vessel. This ensures that even when the signal
is weakened by surface turbulence or vapor, the sensor maintains a reliable lock
on the echo.

For those looking to explore specific hardware configurations, you can Review
product options and application support to see how different transducer designs
accommodate varying industrial scales.

| Installation Considerations and Best Practices

The performance of an ultrasonic level meter is highly dependent on its physical
placement. Incorrect mounting is the leading cause of "lost echoes" or erratic
readings.

|1. The Dead Zone (Blocking Distance)

Every ultrasonic sensor has a "Dead Zone" directly beneath the transducer face
(typically 0.25m to 0.5m depending on the frequency). In this zone, the transducer
is still vibrating from the initial pulse and cannot yet "hear" a returning echo. The
maximum liquid level must never enter this dead zone, or the meter will report an
error or a fixed maximum value. If the tank must be filled to the very top, a
standpipe or nozzle can be used to raise the sensor higher.

| 2. Positioning and Obstructions

The sensor should be mounted away from the tank wall (ideally at 1/2 or 1/3 of the
radius) to avoid reflections from the wall surface. Furthermore, the ultrasonic
beam spreads out in a cone shape. Any internal obstructions—such as pipes,
cooling coils, or ladders—that enter this cone will create false echoes. If
obstructions are unavoidable, the meter’s software must be used to perform a
"fixed interference suppression" or "mapping" to ignore these static signals.
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| 3. Surface Conditions

Turbulence: Rapidly churning liquids can scatter the sound waves. In such cases, a
stilling well (a bypass pipe) can be installed to provide a calm surface for
measurement.

Foam: Heavy, thick foam is a significant challenge for ultrasonic technology
because it absorbs the sound energy rather than reflecting it. If thick foam is
consistently present, a radar level meter may be a more appropriate choice.

Angle of Incidence: The sensor must be mounted perfectly perpendicular to the
liquid surface. A tilt of even a few degrees can cause the reflected signal to miss
the transducer entirely.

| Technical Limitations and Environmental Factors

While highly versatile, the ultrasonic level meter is not a universal solution. Certain
physics-based limitations must be respected to ensure system integrity.

Vacuum Applications: Because sound waves require a medium (air or gas) to travel
through, ultrasonic meters cannot function in a vacuum. In near-vacuum
conditions, the signal strength attenuates to the point of failure.

High Pressure: As pressure increases, the density of the gas changes, which alters
the speed of sound. While many meters can compensate for moderate pressure,
they are generally limited to 3 Bar (approx. 43.5 psi) of pressure. For high-pressure
reactors, radar or hydrostatic transmitters are preferred.

Vapor and Dust: Heavy steam or concentrated chemical vapors can change the
composition of the air space, affecting the speed of sound. Similarly, extremely
dense dust in solids applications can attenuate the signal. In these environments,
lower-frequency transducers (which have more power to penetrate) are necessary.

| Frequently Asked Questions (FAQ)

Q: Can an ultrasonic level meter be used for solids like grain or sand?
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A: Yes, but with caveats. Solids do not reflect sound as efficiently as liquids and
often form a conical pile rather than a flat surface. This requires a meter with
higher power and often an adjustable mounting flange to aim the sensor at the
most representative part of the pile.

Q: How does wind or air movement affect the measurement?

A: Strong air currents or wind (in open-air tanks) can "blow" the ultrasonic pulse
away, preventing the echo from returning to the sensor. In outdoor applications,
using a sunshade or protective shroud is recommended to minimize air turbulence
around the probe.

Q: What is the typical lifespan of an ultrasonic sensor?

A: With no moving parts to wear out, an ultrasonic level meter can last 7 to 10
years or more, provided the transducer face is not corroded by chemicals or
damaged by physical impact.

Q: Is it possible to measure through a plastic tank lid?

A: While some low-power sensors claim to do this, it is not recommended for
industrial accuracy. The signal loses significant energy passing through solids. It is
always best to install the sensor through a cutout or a threaded port so the
transducer has a clear "view" of the medium.

| Conclusion

The ultrasonic level meter remains one of the most cost-effective and reliable tools
for modern level monitoring. By understanding the Time-of-Flight principle and
adhering to strict installation guidelines regarding dead zones and beam paths,
engineers can achieve high-precision measurements in a wide variety of
applications. Whether managing a municipal water reservoir or a chemical storage
farm, selecting a high-quality instrument from an experienced manufacturer like
Welk ensures that your process remains safe, efficient, and accurately
documented. For detailed technical specifications and to find the right model for
your specific industry, visit the Main Page of our product catalog.
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