Greyline Instruments

A practical guide to greyline instruments, covering the reader intent, the
relationship to greyline instruments, key evaluation criteria, common risks, and the

information the intended project audience should confirm before taking the next
step.
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In the landscape of industrial process control, Greyline Instruments has established
a significant reputation for specializing in ultrasonic flow and level measurement.
For engineers and facility managers, understanding the nuances of these
technologies is essential for ensuring operational efficiency and accuracy.
Ultrasonic measurement, particularly non-contacting methods, offers a versatile
solution for monitoring liquids in tanks, flumes, and open channels without the
maintenance overhead associated with wetted sensors.

This guide examines the principles behind ultrasonic instrumentation, provides a
technical comparison of measurement methodologies, and offers practical
selection and installation advice for those evaluating level measurement solutions.
For a broader overview of available industrial technologies, including radar and
hydrostatic options, you may refer to the Main Page of our product catalog.

Understanding Ultrasonic Level Measurement
Principles

Ultrasonic level measurement is based on the "Time of Flight" principle. The
instrument consists of a transducer that functions as both a transmitter and a
receiver. The process follows a specific sequence:

1. Emission: The transducer emits a high-frequency sound pulse (typically between
20 kHz and 200 kHz).

2. Propagation: The sound wave travels through the air gap toward the surface of
the material being measured.

3. Reflection: Upon hitting the surface, the pulse is reflected back toward the
transducer.

4. Detection: The transducer detects the returning echo.

5. Calculation: The internal electronics calculate the distance based on the time
elapsed between emission and reception.

The formula used is:
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Distance = (Speed of Sound x Time) / 2

Because the speed of sound in air is approximately 343 m/s (1,125 ft/s) at 20°C
(68°F) but varies with temperature, high-quality ultrasonic instruments include
integrated temperature sensors to compensate for these changes. Without
temperature compensation, a 10°C shift could result in a measurement error of
approximately 1.7%.

Key Technologies in Greyline Instruments: Doppler
vs. Transit Time

While level measurement primarily uses pulse-echo technology, Greyline
Instruments is also widely recognized for its flow measurement capabilities, which
utilize two distinct ultrasonic methods: Doppler and Transit Time. Understanding
these is vital when integrating flow and level data in wastewater or chemical
processing applications.

| Doppler Ultrasonic Flow Meters

Doppler technology is designed for "dirty" liquids. It requires particles or air
bubbles (reflectors) within the fluid. The sensor transmits a continuous
high-frequency sound; when this sound hits a moving particle, it reflects back at a
shifted frequency (the Doppler effect). The frequency shift is directly proportional
to the flow velocity.

| Transit Time Ultrasonic Flow Meters

In contrast, Transit Time meters are used for clean liquids. They use two
transducers that send pulses to each other. One pulse travels with the flow
(downstream) and the other against the flow (upstream). The time difference
between the two pulses is used to calculate the velocity. If the liquid contains too
many solids, the signal is attenuated, making this method unsuitable for slurries.



Greyline Instruments

|App|ication Selection Criteria for Ultrasonic Sensors

Selecting the right instrument requires a thorough analysis of the process
environment. Ultrasonic sensors are excellent for many applications, but they are
not universal solutions. Use the following table as a preliminary guide for
technology selection.

Selection Table: Ultrasonic vs. Alternative
Technologies

Ultrasonic Radar (Microwave) Hydrostatic
(Non-Contact) (Pressure)
Medium Contact No No Yes
Accuracy +0.25% of Range 1 mmto £3 mm +0.1% to £0.5%
Max Range Up to 15m (50 ft) Up to 100m (328 ft) Dependent on
Pressure
Foam Tolerance Poor (Absorbs signal) Moderate to Good Excellent
Vapor/Dust Significant Minimal Interference No Effect
Interference
Vacuum/Pressure Not Recommended Excellent Excellent
Cost Low to Moderate Moderate to High Low to Moderate

When evaluating these options, engineers should confirm the chemical
compatibility of the transducer housing (often PVDF or PP) with the vapors present
in the tank. For complex chemical environments, exploring the Main Page for
specialized radar or magnetic gauges may be necessary.
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Comparing Ultrasonic with Radar and Hydrostatic
Technologies

While Greyline Instruments focuses heavily on ultrasonic solutions, it is important
to understand when this technology reaches its physical limits.

| Ultrasonic vs. Radar

Radar level meters use electromagnetic waves rather than sound waves. Because
electromagnetic waves do not require a medium (air) to travel, they are unaffected
by vacuum, high pressure, or temperature gradients. Radar is the preferred choice
for boiling liquids, heavy foam, or applications involving heavy dust (such as grain
silos), where sound waves would be absorbed or scattered.

| Ultrasonic vs. Hydrostatic

Hydrostatic level transmitters measure the pressure exerted by a liquid column.
This is a contact-based method. Hydrostatic sensors are often more reliable in
deep wells or pressurized vessels where an ultrasonic signal might be lost due to
the distance or gas composition. However, they require the sensor to be
submerged, which may lead to fouling in viscous or corrosive fluids.

Installation Guidelines for Non-Contacting Level
Sensors

Proper installation is the most critical factor in the performance of an ultrasonic
instrument. Even the highest quality sensor will fail if the physical environment is
not prepared correctly.
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|1. The Dead Band (Blocking Distance)

Every ultrasonic transducer has a "dead band"—a zone directly in front of the
sensor face where it cannot measure. This is the time required for the transducer
to stop vibrating from the transmission pulse before it can listen for the echo.
Typically, this ranges from 10 cm to 50 cm (4 in to 20 in). The sensor must be
mounted high enough so that the maximum liquid level never enters this zone.

| 2. Beam Angle and Obstructions

Ultrasonic pulses spread out in a cone shape (usually 8° to 12°). Any physical
obstruction within this cone—such as ladders, pipes, or agitator blades—will create
a "false echo." Modern instruments often include software for "false echo
suppression,”" allowing the user to map out fixed obstructions, but it is always best
to provide a clear path to the liquid surface.

| 3. Mounting Orientation

The transducer face must be perfectly parallel to the liquid surface. If the sensor is
tilted, the sound energy will reflect away from the transducer rather than back
toward it, resulting in a "Loss of Echo" (LOE) error.

| 4. Avoiding Turbulence and Foam

Heavy turbulence can scatter the signal. In such cases, a stilling well (a vertical
pipe submerged in the liquid) can be used to provide a calm surface for the
ultrasonic pulse. Foam is a significant challenge as it acts as an acoustic insulator,
absorbing the sound pulse rather than reflecting it. If thick foam is present,
ultrasonic technology is generally not recommended.

| Limitations and Common Challenges

Engineers should be aware of the following physical limitations when deploying
ultrasonic instruments:
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Temperature Gradients: If the air temperature varies significantly between the
sensor and the liquid surface, the speed of sound will change at different points in
the path, leading to inaccuracies.

Vapor and Gas Composition: Ultrasonic pulses are calibrated for the speed of
sound in air. If the tank contains a high concentration of CO2, methane, or solvent
vapors, the speed of sound changes drastically, and the distance reading will be
incorrect unless the instrument is specifically calibrated for that gas mixture.

Vacuum Applications: Sound cannot travel in a vacuum. Ultrasonic sensors will not
function in any vessel under a full vacuum.

High Pressure: In high-pressure environments, the density of the gas increases,
which can change the attenuation characteristics of the sound wave.

| Frequently Asked Questions (FAQ)

Q: How often do ultrasonic sensors need calibration?

A: In stable environments, ultrasonic sensors are very low maintenance. However,
it is recommended to verify the accuracy annually. If the process involves heavy
buildup or corrosive vapors, the transducer face should be inspected and cleaned
periodically to ensure signal integrity.

Q: Can | use an ultrasonic sensor to measure solids?

A: Yes, but with caution. Solids like powders or grains do not have a flat surface;
they form cones. This tends to scatter the sound pulse. Sensors designed for solids
usually have higher power and lower frequencies to penetrate dust and handle
irregular surfaces.

Q: What is the maximum distance an ultrasonic sensor can measure?

A: Most industrial ultrasonic sensors are effective up to 15 meters (50 feet).
Beyond this range, the signal attenuation in the air becomes too great, and radar
technology is typically a more reliable choice.

Q: Does the color of the liquid affect the measurement?
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A: No. Unlike optical or laser sensors, ultrasonic waves are unaffected by the color,
transparency, or opacity of the liquid.

For technical support in selecting the appropriate measurement technology for
your specific industrial application, or to compare different sensor types, visit our
Main Page for comprehensive product specifications and engineering resources.



