In Situ Transducers

A practical guide to in situ transducers, covering the reader intent, the relationship
to in situ transducers, 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 field of industrial process control and environmental monitoring, the
accuracy of data depends heavily on the placement and reliability of the sensing
element. In situ transducers—sensors that measure a physical property directly
within the process environment rather than extracting a sample for remote
analysis—represent a cornerstone of modern level measurement. For engineers
and facility managers, selecting the right in situ transducer requires a deep
understanding of fluid dynamics, material science, and electronic signal
processing.

Welk, as a professional manufacturer of industrial level measurement instruments,
provides a range of solutions including radar, ultrasonic, and hydrostatic sensors.
When discussing in situ transducers in the context of level measurement, the focus
often shifts to hydrostatic submersible transmitters and direct-contact sensors that
must withstand the rigors of the medium they are monitoring. This guide explores
the technical principles, selection criteria, and installation nuances of these critical
components.

Understanding In Situ Transducers in Industrial Level
Measurement

The term "in situ" is Latin for "in place." In industrial instrumentation, an in situ
transducer is a device that remains in direct contact with the process medium or is
installed in a fixed position within the vessel or borehole. This is contrasted with
extractive measurement systems where a sample is pulled into a separate
analyzer.

In level measurement, in situ transducers are primarily used for:

1. Continuous Level Monitoring: Providing real-time data on the height of liquids in
tanks, reservoirs, or deep wells.

2. Process Automation: Feeding data into PLC or SCADA systems to control pumps,
valves, and alarms.

3. Environmental Monitoring: Tracking groundwater levels or surface water
changes in rivers and lakes.
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By measuring the parameter exactly where it occurs, these transducers eliminate
the time lag and potential errors associated with sample transport. However, being
"in the thick of it" means these sensors must be engineered to survive chemical
corrosion, mechanical stress, and temperature fluctuations.

Core Measurement Principles of In Situ Level
Transducers

To select the appropriate instrument, one must first understand the physics behind
the measurement. Most in situ transducers for level applications rely on one of
three primary principles: hydrostatic pressure, ultrasonic reflection, or
electromagnetic (radar) wave propagation.

| Hydrostatic Pressure Principle

Hydrostatic in situ transducers are perhaps the most common form of
contact-based level measurement. The principle is based on the relationship
between the height of a liquid column and the pressure it exerts at the bottom of a
vessel. The formula used is:

P=pxgxh

Where:

P is the hydrostatic pressure (Pascals).

p (rho) is the density of the liquid (kg/ms3).

g is the acceleration due to gravity (approximately 9.81 m/s?).
h is the height of the liquid column (meters).

The transducer contains a sensing diaphragm. As the liquid level rises, the
pressure on the diaphragm increases, causing a minute deformation. This
deformation is converted into an electrical signal (typically 4-20mA or RS485) by a
strain gauge or capacitive element.
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| Ultrasonic and Radar Principles

While often mounted at the top of a tank, these are considered in situ transducers
when the sensing head is integrated into the process vessel.

Ultrasonic: The transducer emits a sound pulse that reflects off the liquid surface.
The time-of-flight determines the distance.

Radar: High-frequency electromagnetic waves are used. Radar is often preferred in
situ when the environment involves steam, dust, or varying vapor pressures that
would interfere with ultrasonic waves.

| Selection Criteria for In Situ Transducers

Choosing the wrong transducer can lead to premature failure or inaccurate
readings. Engineers should evaluate the following criteria before procurement.

| 1. Chemical Compatibility

The housing and diaphragm materials must be resistant to the process medium.
Common materials include:

316L Stainless Steel: Standard for water and mild chemicals.
Ceramic (Alz03): Highly resistant to abrasion and many aggressive acids.

Hastelloy or Titanium: Used for high-chloride environments or extremely corrosive
chemical processing.

PTFE/FEP Coatings: Often used for cables and sensor bodies in specialized
chemical applications.
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| 2. Pressure and Depth Range

In situ transducers must be rated for the maximum possible head pressure. For
submersible units, this is often expressed in meters of water column (mHz20). A
transducer rated for 10 meters should not be used in a 20-meter deep well, as the
overpressure may damage the diaphragm.

| 3. Accuracy and Stability

Industrial applications typically require accuracy levels between 0.1% and 0.5% of
the full scale. Long-term stability is also vital, especially for in situ transducers
installed in hard-to-reach locations like deep boreholes, where frequent
recalibration is impractical.

| 4. Signal Output and Integration

Modern systems often require digital communication. While the 4-20mA analog
loop remains the industry standard for its robustness over long distances, digital
protocols like Modbus RTU (RS485) or HART allow for remote diagnostics and
multiple parameter reporting (e.g., level and temperature).

| Practical Selection Table
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Submersible Ultrasonic (In Situ Radar (In Situ
Hydrostatic Mount) Mount)

Best Use Case Deep wells, open Water treatment, Chemical tanks, high
reservoirs open tanks temp/pressure

Contact Type Direct contact Non-contact Non-contact
(Submerged)

Max Range Up to 500m+ Typically up to Up to 70m+

15-30m

Pros Simple, No contact with Unaffected by
cost-effective media vapor/dust

Cons Vulnerable to Affected by Higher initial cost
clogging foam/steam

Installation Best Practices for Submersible and In
Situ Sensors

Proper installation is as important as the quality of the transducer itself. Failure to
follow best practices often leads to signal "drift" or physical damage.

| Mounting and Stabilization

For submersible in situ transducers in moving water (like a river or an agitated
tank), the sensor must be stabilized. A stilling well—a vertical pipe with small
holes—can be used to protect the sensor from turbulence and floating debris. If a
stilling well is not used, the sensor should be anchored to prevent it from swinging,
which can cause mechanical wear on the cable.

| Cable Management and Venting

Hydrostatic in situ transducers measure "gauge pressure," meaning they compare
the liquid pressure against the atmospheric pressure. This requires a vent tube
inside the sensor cable.
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Important: The vent tube must remain unobstructed and dry. Desiccant cartridges
or specialized vent filters should be used at the termination point to prevent
moisture from entering the tube, which can cause internal corrosion or
measurement errors.

| Electrical Considerations

In situ transducers are often installed in outdoor or industrial environments prone
to lightning strikes or power surges. Utilizing surge protection modules and
ensuring proper grounding of the cable shield is essential to protect the sensitive
internal electronics.

Operational Limitations and Maintenance
Requirements

No sensor is entirely "set and forget." In situ transducers face several operational
challenges:

1. Fouling and Scaling: In wastewater or mineral-rich water, biological growth or
calcium deposits can build up on the diaphragm. This increases the mass of the

diaphragm or blocks the pressure port, leading to inaccurate readings. Regular

inspection and gentle cleaning are required.

2. Temperature Effects: While most high-quality transducers include internal
temperature compensation, extreme shifts can still affect accuracy. It is important
to ensure the process temperature stays within the compensated range (e.g., 0°C
to 50°C).

3. Specific Gravity Changes: Since hydrostatic transducers measure pressure, a
change in the liquid's density (specific gravity) will change the level reading even if
the actual height remains the same. If the medium density varies, a secondary
measurement or manual compensation factor must be applied.

For more detailed technical specifications and to explore various measurement
technologies, you can visit the Main Page of the Welk product catalog.
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Frequently Asked Questions Regarding In Situ
Transducers

Q: Can in situ transducers be used in hazardous areas?

A: Yes, but they must be certified as Intrinsically Safe (Ex ia) or Explosion-Proof.
This involves using safety barriers in the control cabinet to limit the energy
available to the sensor in the hazardous zone.

Q: How often should an in situ transducer be calibrated?

A: For most industrial applications, an annual calibration check is recommended.
However, in critical processes or harsh environments, semi-annual checks may be
necessary to account for potential sensor drift.

Q: What is the difference between a transducer and a transmitter?

A: While the terms are often used interchangeably, a transducer technically
converts one form of energy (pressure) to another (voltage), whereas a transmitter
amplifies that signal and converts it into a standardized format like 4-20mA for
long-distance transmission.

Q: How do | protect the sensor from freezing?

A: In situ transducers should be installed below the frost line in outdoor
applications. If the liquid in a tank freezes, the expansion of ice can crush the
diaphragm of a hydrostatic sensor. In such cases, non-contact radar or ultrasonic
sensors are preferred.
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| Conclusion

In situ transducers are vital tools for achieving precise, real-time level
measurement in diverse industrial sectors. Whether utilizing the robust simplicity
of a submersible hydrostatic pressure sensor or the advanced capabilities of in situ
radar, the key to success lies in matching the instrument's materials and
technology to the specific demands of the environment. By following rigorous
selection protocols and installation standards, engineers can ensure long-term
reliability and data integrity. For those seeking professional-grade instrumentation
and customized OEM/ODM services, reviewing the comprehensive options
available on the Welk Main Page is a recommended next step in project planning.



