High Temperature
Transducers

A practical guide to high temperature transducers, covering the reader intent, the
relationship to high temperature 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 landscape of industrial automation, level measurement is rarely a
straightforward task, particularly when process temperatures exceed the limits of
standard instrumentation. High temperature transducers are specialized sensing
components designed to maintain accuracy, structural integrity, and signal
reliability in environments where heat would otherwise cause standard sensors to
fail. Whether in a molten salt tank, a high-pressure steam boiler, or a chemical
reactor, the choice of transducer technology dictates the longevity and safety of
the entire measurement system.

Welk, as a professional manufacturer of industrial level measurement instruments,
provides a range of solutions including radar, ultrasonic, and hydrostatic systems
specifically engineered for these demanding conditions. Understanding the
underlying physics of how heat affects different measurement principles is the first
step in selecting the correct instrument for a high-temperature application.

Measurement Principles in High-Temperature
Environments

To effectively deploy level sensors in hot environments, engineers must
understand how thermal energy interacts with the physical medium of
measurement (waves, pressure, or buoyancy).

|Radar Level Measurement (Time-of-Flight)

Radar level meters operate by emitting high-frequency electromagnetic pulses.
Because these pulses travel at the speed of light and do not require a physical
medium for propagation, they are inherently more resistant to temperature
fluctuations than ultrasonic waves. However, the high temperature transducers
used in radar systems—specifically the antenna and the sealing gaskets—must be
constructed from materials like PTFE, PEEK, or ceramics to withstand the heat.

In extreme cases, such as those exceeding 250°C (482°F), radar systems often
utilize waveguides or specialized horn antennas with integrated cooling fins to
dissipate heat before it reaches the sensitive transmitter electronics.
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| Ultrasonic Level Measurement

Ultrasonic sensors use sound waves to measure distance. High temperature
transducers in this category face two primary challenges. First, the speed of sound
varies significantly with air temperature. If the transducer does not have accurate
temperature compensation, the level reading will drift as the vapor space heats
up. Second, the piezoelectric crystals used to generate sound waves have a "Curie
point"—a temperature at which they lose their piezoelectric properties.
High-temperature ultrasonic transducers are often limited to approximately 100°C
to 150°C (212°F to 302°F) and require specialized face materials to prevent
melting or cracking.

| Hydrostatic Pressure Measurement

Hydrostatic level transmitters measure the pressure exerted by a liquid column. In
high-temperature applications, the primary risk is the degradation of the internal
fill fluid and the diaphragm. High-temperature versions of these transducers often
employ remote seals connected by capillary tubes. These tubes allow the
transmitter electronics to be mounted several meters away from the hot process
vessel, using a specialized high-temperature silicone oil to transmit the pressure
from the diaphragm to the sensor.

The Role of High Temperature Transducers in
Industrial Safety

The term "high temperature transducers" refers specifically to the part of the
instrument that comes into direct contact with, or is in close proximity to, the
process heat. In a B2B context, the reliability of these components is a matter of
both operational efficiency and safety. A failed transducer in a pressurized vessel
can lead to leaks, overfills, or catastrophic structural failure.
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When evaluating high temperature transducers, engineers must look beyond the
maximum temperature rating. They must also consider thermal shock—the ability
of the transducer to withstand rapid temperature changes during CIP
(Clean-In-Place) cycles or batch processing. A transducer that can handle a steady
200°C may still fail if it is suddenly hit with a 20°C cleaning solution, causing the
materials to contract at different rates and breaking the hermetic seal.

Practical Selection Table for High Temperature
Applications

Choosing the right technology requires a balance of temperature capability,
pressure rating, and cost. The following table provides a general comparison of
common level measurement technologies configured for high-temperature service.

Technology Max Process Temp Typical Pressure Best Suited For
Range

80GHz Radar Up to 1,200°C (with Up to 160 bar Molten metal, glass,
cooling) reactors
Guided Wave Radar Up to 450°C Up to 400 bar Steam boilers,

high-pressure tanks

Hydrostatic (Remote Up to 400°C Up to 600 bar Bitumen, heavy oil,
Seal) chemical tanks
Ultrasonic Up to 150°C Up to 3 bar Water treatment,

open sump tanks

Magnetic Level Up to 450°C Up to 320 bar Flammable liquids,
Gauge toxic chemicals

Key Evaluation Criteria for High-Temperature Level
Sensors

Before finalizing a specification, procurement and engineering teams should
confirm several critical factors regarding the high temperature transducers and
their housing:
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1. Material Compatibility: Ensure the wetted parts (the parts touching the process)
are chemically compatible with the media at high temperatures. Corrosion rates
often accelerate as temperature increases.

2. Electronic Isolation: Determine if the electronics are integral to the sensor or if
they can be mounted remotely. Remote mounting is the most effective way to
extend the lifespan of the transmitter.

3. Cooling Requirements: Some high-frequency radar units require compressed air
cooling or water-cooling jackets. Confirm if these utilities are available at the
installation site.

4. Accuracy Drift: Ask for the temperature coefficient of the sensor. All transducers
experience some degree of "drift" as they heat up; high-quality instruments include
internal algorithms to compensate for this automatically.

For a detailed look at specific product configurations and technical data sheets,
you can visit the Main Page of the Welk product catalog.

| Installation Considerations and Best Practices

Even the best high temperature transducers will fail prematurely if installed
incorrectly. Heat management is the primary goal of the installation design.

| Standoff Pipes and Nozzles

One of the simplest ways to protect a transducer is to move it further away from
the heat source. Using a standoff pipe (a nozzle that extends upward from the
tank) creates a dead-air space that allows the temperature to drop before reaching
the sensor face. However, for radar and ultrasonic sensors, the diameter and
internal smoothness of the standoff pipe must be carefully calculated to avoid
signal interference from the pipe walls.
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| Heat Sinks and Cooling Fins

Many radar level meters designed for high heat feature integrated cooling fins
between the process flange and the transmitter head. These fins increase the
surface area of the instrument, allowing ambient air to carry away heat. It is vital
that these fins are not covered by tank insulation, as this would trap the heat and
defeat their purpose.

| Insulation and Heat Tracing

While the instrument head needs to stay cool, the process connection (the flange)
may need to stay warm to prevent the process media from condensing or
crystallizing on the transducer face. In applications like bitumen or sulfur
measurement, engineers often use heat tracing around the nozzle but keep the
transducer housing exposed to the air.

| Limitations and Common Risks

While high temperature transducers are robust, they are not indestructible. Users
should be aware of the following limitations:

Vapor Interference: High temperatures often lead to heavy steaming or the
presence of gas layers. This can attenuate ultrasonic signals or cause "false
echoes" in radar systems. Choosing a high-frequency (80GHz) radar can help
penetrate these vapors more effectively.

Seal Degradation: O-rings and gaskets are often the weakest link. Even if the
stainless steel body can handle 500°C, the Viton or Kalrez seals may have a lower
threshold. Always verify the seal material's temperature limit.

Power Supply Sensitivity: In extreme heat, the internal resistance of electronic
components increases. Ensure that the power supply to the instrument is stable
and within the specified voltage range to prevent overheating of the internal
circuitry.
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| Frequently Asked Questions (FAQ)

Q: Can | use a standard ultrasonic sensor for boiling water?

A: Generally, no. Boiling water creates heavy steam and turbulence. The steam
changes the speed of sound and can condense on the transducer face, blocking
the signal. A non-contact radar or a hydrostatic transmitter with a remote seal is a
much more reliable choice for boiling applications.

Q: How do | measure the level of molten glass or metals?

A: This requires specialized radar level meters with ceramic high temperature
transducers and often a purging system or a cooling jacket. The sensor is usually
mounted high above the surface to minimize direct thermal radiation.

Q: What is the benefit of a remote seal in hydrostatic level measurement?

A: A remote seal uses a flexible diaphragm and a capillary tube to separate the hot
process from the delicate pressure sensor. This allows the process to be at 400°C
while the sensor electronics stay at a safe ambient temperature (e.g., 25°C).

Q: Does temperature affect the accuracy of radar level meters?

A: Radar is largely unaffected by the temperature of the gas in the tank. However,
the physical expansion of the tank itself at high temperatures can change the
reference point of the measurement. Modern transmitters can be programmed to
account for this tank expansion.

| Conclusion

Selecting high temperature transducers requires a holistic view of the process
environment, including chemical reactivity, pressure, and the potential for thermal
shock. By understanding the limitations of each measurement principle—from the
sound-speed dependencies of ultrasonic waves to the material limits of radar
antennas—engineers can implement solutions that provide years of
maintenance-free service.
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Welk continues to innovate in this space, offering customized OEM/ODM services
to ensure that every industrial automation challenge is met with a precise,
cost-effective, and durable measurement solution. For more information on
selecting the right instrument for your specific temperature requirements, please
refer to the comprehensive resources available on our Main Page.



