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In the landscape of industrial automation, pressure measurement is a fundamental
requirement for process control, safety, and efficiency. However, standard
pressure transmitters often face significant challenges when process temperatures
exceed 85°C (185°F). For applications involving steam, molten polymers, or
high-temperature chemical reactions, a specialized high temp pressure transmitter
is required. These instruments are engineered to isolate sensitive electronic
components from extreme thermal energy while maintaining high accuracy and
long-term stability.

As a professional manufacturer of industrial level and pressure measurement
instruments, Welk provides robust solutions designed to withstand the rigors of
harsh environments. Understanding the underlying principles of high-temperature
measurement and the various cooling technologies available is essential for any
engineer or procurement specialist tasked with selecting the right instrumentation.

Measurement Principles in High-Temperature
Environments

A pressure transmitter typically consists of two main parts: the sensing element
(transducer) and the electronics (transmitter). The sensing element converts
physical pressure into a small electrical signal, which the electronics then amplify
and convert into a standard output, such as 4-20mA or a digital protocol like HART.

In high-temperature scenarios, the primary challenge is that the
semiconductor-based sensing elements and the accompanying circuitry are
sensitive to heat. Standard silicon sensors can experience significant thermal drift
or permanent failure if exposed to temperatures beyond their design limits. To
combat this, high temp pressure transmitters employ several specific transduction
principles:

| 1. Piezoresistive Sensors with Thermal Isolation

These sensors use the change in electrical resistance of a material when subjected
to mechanical strain. In high-temperature versions, the sensor is often placed
behind a diaphragm seal or connected via a cooling neck. Advanced materials like
Silicon-on-Sapphire (SoS) are sometimes used because sapphire is an excellent
insulator and can operate at much higher temperatures than standard silicon.
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| 2. Capacitive Pressure Sensors

Capacitive sensors measure the change in electrical capacitance between a
flexible diaphragm and a fixed plate. These are inherently more robust against
temperature fluctuations than piezoresistive sensors and are frequently used in
high-accuracy industrial applications.

| 3. Diaphragm Seal and Fill Fluid Systems

This is the most common method for handling extreme heat. A flexible metal
diaphragm is exposed to the process fluid. The pressure is transmitted through an
incompressible fill fluid (such as high-temperature silicone oil) to the sensor
located in a cooler environment. The fill fluid must be carefully selected based on
its boiling point and thermal expansion coefficient.

| Key Evaluation Criteria and Selection Table
Selecting a high temp pressure transmitter requires a detailed analysis of the
process conditions. Engineers must consider not only the peak temperature but

also the pressure range, the corrosiveness of the media, and the ambient
environment.

| Selection Comparison Table
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Standard High Temp Remote Seal
Transmitter (Integrated Fins) System

Max Process Temp Up to 85°C (185°F) Up to 150°C - 200°C Up to 400°C (752°F)
(302°F - 392°F)

Cooling Method Natural Convection Integrated Cooling Capillary / Remote
Fins Mounting
Accuracy High (0.075% - 0.1%) Moderate (0.25% - Application
0.5%) Dependent
Response Time Very Fast Fast Slower (due to fill
fluid)
Common Use Water, Air, HVAC Steam, Hot Oil, Food Bitumen, Chemical
Processing Reactors

When evaluating these options, it is helpful to consult a manufacturer's Main Page
to review specific product data sheets and application-specific configurations.

Technical Considerations for High-Temperature
Applications

| Material Compatibility

The wetted parts—the components in direct contact with the process—must be
able to withstand both the temperature and the chemical nature of the fluid.
Common materials include 316L Stainless Steel, Hastelloy C, and Tantalum. At high
temperatures, chemical corrosion rates often accelerate, making material
selection even more critical.

| Thermal Drift and Compensation

All pressure transmitters exhibit some degree of "thermal drift," where the output
sighal changes slightly due to temperature variations rather than actual pressure
changes. High-quality high temp pressure transmitters include internal
temperature sensors to provide real-time compensation, ensuring the output
remains accurate across the entire operating range.
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| Fill Fluid Expansion

In remote seal systems, the fill fluid expands as it heats up. This expansion can
exert a small amount of pressure on the diaphragm, leading to a "temperature
effect on zero." To minimize this, engineers should specify the shortest possible
capillary length and choose a fill fluid with a low thermal expansion coefficient
suitable for the target temperature.

| Installation Considerations and Heat Mitigation

Proper installation is just as important as the instrument selection itself. Even the
best high temp pressure transmitter can fail if the installation does not allow for
adequate heat dissipation.

1. Use of Syphons: In steam applications, a pigtail or U-type syphon should always
be used. The syphon traps condensed liquid, which acts as a thermal barrier
between the hot steam and the transmitter.

2. Impulse Piping: Increasing the length of the impulse piping (the tube connecting
the process to the transmitter) is a simple and effective way to reduce the
temperature at the sensor. For every 1 meter (approx. 3.3 feet) of uninsulated
piping, the temperature can drop significantly.

3. Capillary Tubes: For temperatures exceeding 200°C (392°F), remote seal
systems with capillaries allow the transmitter body to be mounted several meters
away from the heat source, where ambient temperatures are manageable.

4. Orientation: Transmitters should generally be mounted in a position that
prevents heat from rising directly into the electronics housing. Mounting the
transmitter to the side or below the process tap can help.

| Limitations and Common Risks

While high-temperature transmitters are resilient, they are not invincible. Users
should be aware of the following limitations:
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Ambient Temperature Limits: Even if the process connection can handle 300°C, the
electronics housing usually has an ambient limit of 85°C. If the transmitter is
installed in a confined space near a hot boiler, the electronics may still overheat.

Response Time Lag: In remote seal systems, the viscosity of the fill fluid changes
with temperature. At lower start-up temperatures, the fluid may be thick, leading
to a slower response time until the system reaches operating temperature.

Vacuum Service: High temperatures combined with vacuum conditions can cause
fill fluids to outgas or boil, which will destroy the accuracy of the measurement and
potentially damage the diaphragm.

| Maintenance and Calibration Best Practices

To ensure the longevity of a high temp pressure transmitter, a proactive
maintenance schedule is recommended:

Visual Inspections: Check for signs of oil leaks around diaphragm seals or
discoloration of the transmitter housing, which may indicate excessive heat
exposure.

Zero Point Verification: Because thermal expansion can affect the zero reading, it
is common practice to verify and adjust the zero point once the system has
reached its stable operating temperature.

Cleaning: In applications like food processing or polymer production, media can
build up on the diaphragm. Regular cleaning with non-abrasive materials is
necessary to prevent measurement errors.

| Frequently Asked Questions (FAQ)

Q: Can | use a standard pressure transmitter for steam if | use a syphon?

A: Yes, in many cases, a standard transmitter can be used for steam if a syphon is
correctly installed to ensure that only cool condensate reaches the sensor.
However, for high-pressure steam or where ambient heat is high, a dedicated
high-temperature model is safer.
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Q: What is the maximum temperature a remote seal system can handle?

A: With specialized fill fluids like certain synthetic oils or liquid metals, remote seal
systems can handle process temperatures up to 400°C (752°F).

Q: How does temperature affect the lifespan of the transmitter?

A: Operating a transmitter at the very edge of its temperature rating for extended
periods will eventually degrade the internal gaskets and electronic components. It
is always better to specify a transmitter with a thermal rating that exceeds your
maximum process temperature by at least 20%.

Q: Why is my high-temp transmitter giving inconsistent readings during start-up?

A: This is likely due to the temperature stabilization of the fill fluid and the
diaphragm. As the system heats up, the internal components expand. Most
high-accuracy measurements should be taken once the process has reached a
steady-state temperature.

| Conclusion

High-temperature pressure measurement is a specialized field that requires a
balance between robust mechanical design and sensitive electronic measurement.
By understanding the principles of thermal isolation, selecting the appropriate
materials, and following strict installation guidelines, industrial facilities can ensure
reliable data even in the most demanding environments. For those seeking specific
hardware configurations or customized OEM/ODM services for level and pressure
instrumentation, visiting the Main Page offers access to technical expertise and a
wide range of cost-effective solutions tailored to global industrial standards.
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