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In industrial process control, pressure measurement is a fundamental requirement
for safety and efficiency. However, many applications in the oil and gas, chemical
processing, and power generation sectors involve process media at temperatures
that exceed the operational limits of standard instrumentation. A standard
pressure gauge is typically designed for media temperatures up to 60°C or 100°C
(140°F to 212°F). When the process temperature exceeds these thresholds, a
specialized pressure gauge for high temperature, or the implementation of thermal
protection accessories, becomes essential to prevent instrument failure and
ensure accurate readings.

Measuring pressure at high temperatures presents unique engineering challenges.
Excessive heat can lead to the discoloration of the dial, the breakdown of internal
lubricants, and, most critically, a change in the elastic properties of the sensing
element (such as a Bourdon tube). This thermal stress results in significant
measurement errors and can eventually cause the pressure boundary to rupture.
This article provides a technical overview of the principles, selection criteria, and
installation strategies for high-temperature pressure measurement.

Understanding High-Temperature Pressure
Measurement Principles

The primary challenge in high-temperature pressure measurement is isolating the
sensitive internal components of the gauge from the extreme heat of the process
medium while still allowing the pressure signhal to be transmitted accurately.

| The Impact of Heat on Elastic Elements

Most mechanical pressure gauges utilize a Bourdon tube—a coiled or C-shaped
metal tube that flexes when pressurized. The degree of flexing is proportional to
the pressure. However, the elasticity of the metal (its Young's Modulus) is
temperature-dependent. As temperature increases, the metal becomes more
flexible, causing the gauge to over-read. Furthermore, extreme heat can cause
permanent deformation or "set" in the metal, leading to a permanent zero shift.
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| Thermal Isolation Strategies

To combat this, manufacturers employ several strategies:

1. Material Selection: Using alloys like Inconel or Monel that maintain their
mechanical properties at higher temperatures than standard 316 stainless steel.

2. Dissipation: Using physical distance or specialized cooling structures to radiate
heat into the atmosphere before it reaches the gauge head.

3. Barrier Fluids: Utilizing diaphragm seals filled with high-temperature stable fluids
(such as silicone or fluorinated oils) to transmit pressure while blocking the direct
flow of hot process media.

| Technical Protection Methods

When selecting a pressure gauge for high temperature, engineers often choose
between an integrated high-temperature gauge or a standard gauge paired with
cooling accessories.

| Siphons (Pigtail and U-Type)

Siphons are the most cost-effective method for protecting pressure gauges from
hot condensable media, such as steam.

Pigtail Siphons: These are circular coils of tubing that trap condensed process fluid.
This liquid buffer prevents the hot steam from entering the gauge.

U-Type Siphons: Used primarily for horizontal pipe runs, these serve the same
purpose of creating a liquid seal.
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| Cooling Towers and Fins

A cooling tower is a series of fins mounted between the process connection and
the gauge. These fins increase the surface area available for convective cooling. In
environments with adequate ambient airflow, a cooling tower can reduce the
temperature of the media by as much as 50°C to 100°C per section, depending on
the material and length.

| Diaphragm Seals and Capillaries

For media that are corrosive, viscous, or at extremely high temperatures (up to
400°C/750°F), a diaphragm seal is used. The seal consists of a flexible membrane
that separates the process fluid from the gauge's internal sensing element. The
space between the diaphragm and the gauge is filled with a temperature-stable
transfer fluid. By adding a length of capillary tubing between the seal and the
gauge, the instrument can be mounted several meters away from the heat source,
allowing the filling fluid to cool to ambient temperatures before reaching the gauge
mechanism.

| Selection Criteria for High-Temperature Applications

Choosing the correct instrument requires a detailed analysis of the process
conditions. The following table provides a general guideline for selecting protection
methods based on process temperature.
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Process Temperature Recommended Protection Considerations

Method

Up to 60°C (140°F) Standard Pressure Gauge No special protection
required for most alloys.

60°C to 150°C (300°F) Cooling Tower or Siphon Ensure ambient airflow is
sufficient for cooling towers.

150°C to 250°C (480°F) Diaphragm Seal (Direct Requires high-temp filling
Mount) fluid (e.q., Silicone oil).
250°C to 400°C (750°F) Diaphragm Seal with Capillary length must be
Capillary sufficient to dissipate heat.
Above 400°C (750°F) Specialized Remote Sensing Consult with engineering for
custom ceramic or alloy
seals.

| Key Evaluation Factors

Media State: Is the medium a gas, liquid, or steam? Steam requires a siphon to
create a water seal.

Ambient Temperature: Cooling accessories rely on the temperature difference
between the process and the environment. In very hot ambient conditions (e.g.,
near a furnace), cooling towers are less effective.

Accuracy Requirements: Diaphragm seals and capillaries introduce a slight delay in
response time and can affect accuracy due to the thermal expansion of the fill
fluid.

Material Compatibility: Ensure the diaphragm and wetted parts can withstand both
the temperature and the chemical composition of the medium.

| Installation Best Practices

Proper installation is critical to the longevity of a pressure gauge for high
temperature. Failure to follow engineering guidelines often results in premature
instrument failure.
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1. Orientation: Siphons must be primed with water or a buffer liquid before
start-up. If the siphon is dry, the initial blast of steam will reach the gauge and
potentially destroy the Bourdon tube.

2. Insulation Avoidance: Never insulate the cooling tower or the siphon. These
components must be exposed to ambient air to function as heat exchangers.
Insulating them traps the heat and defeats their purpose.

3. Capillary Routing: When using remote seals with capillaries, ensure the capillary
is not routed near other heat sources (like uninsulated steam pipes). Support the
capillary to prevent vibration fatigue.

4. Zero Adjustment: Because temperature affects the density of the filling fluid in
diaphragm seals, the gauge may require a zero adjustment after the system has
reached its operating temperature.

| Limitations and Operational Risks

While high-temperature pressure gauges are robust, they are not without
limitations.

Thermal Drift: Even with protection, small temperature fluctuations can cause the
internal fill fluid to expand or contract, leading to a "temperature effect" error. This
is typically expressed as a percentage of the full-scale range per 10°C change.

Fill Fluid Degradation: If the process temperature exceeds the rating of the fill fluid,
the fluid may vaporize or polymerize, causing the diaphragm to bulge or the gauge
to become unresponsive.

Response Lag: Long capillary lines (exceeding 5-10 meters) can introduce a lag in
pressure readings, which may be problematic in high-speed control loops.
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Integrating Pressure and Level Measurement
Solutions

In many industrial settings, pressure measurement is intrinsically linked to level
measurement. For instance, hydrostatic level transmitters calculate the height of a
liquid in a tank based on the pressure exerted by the liquid column. In
high-temperature applications—such as boiler drum level or molten chemical
storage—the same principles of thermal protection apply to level instruments.

Welk provides a comprehensive range of level measurement technologies
designed to withstand demanding industrial environments. While pressure gauges
provide localized readings, integrated systems often require radar, ultrasonic, or
magnetic level gauges for automated control. For engineers looking to compare
different measurement technologies or find specific product specifications, the
Main Page offers a detailed overview of solutions tailored for water treatment,
chemical processing, and oil and gas applications.

Using a combination of high-temperature pressure gauges and specialized level
sensors ensures that process operators have a redundant and accurate view of
vessel conditions, even when operating at the thermal limits of the materials.

|Frequent|y Asked Questions (FAQs)

Q: Why is my pressure gauge dial turning yellow or brown?

A: This is a clear signh of heat damage. The ambient temperature or the heat
conducted through the connection is too high for the gauge's internal components.
You should immediately install a cooling tower or siphon.

Q: Can | use a standard silicone-filled gauge for high temperatures?

A: Standard liquid-filled gauges (used for vibration dampening) are usually limited
to 60°C or 100°C. For higher temperatures, you need a gauge with a
"high-temperature" fill fluid or a dry gauge with external cooling accessories.

Q: How long should a capillary be for a 300°C process?
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A: Typically, 2 to 5 meters of capillary is sufficient to bring the temperature at the
gauge down to ambient levels, provided the capillary is not insulated and the
ambient air is below 50°C.

Q: Does a siphon affect the accuracy of the pressure reading?

A: In steady-state conditions, no. However, the liquid buffer inside the siphon can
add a very small head pressure (roughly 0.01 bar per 10 cm of water height),
which is usually negligible in high-pressure steam applications.

Q: What is the difference between process temperature and ambient temperature
for a gauge?

A: Process temperature is the heat of the medium inside the pipe. Ambient
temperature is the heat of the air surrounding the gauge. A pressure gauge for
high temperature must be rated to handle the conducted heat from the process
and the radiated heat from the environment.



