High Temperature Flow
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A practical guide to high temperature flow measurement, covering the reader
intent, the relationship to high temperature flow measurement, key evaluation

criteria, common risks, and the information the intended project audience should
confirm before taking the next step.
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High temperature flow measurement is a critical requirement in modern industrial
processes, spanning power generation, chemical processing, oil and gas refining,
and metallurgical operations. In these environments, fluids—whether liquids,
gases, or steam—often reach temperatures exceeding 150°C (302°F), and in
specialized applications, can surpass 600°C (1112°F). Accurately measuring the
movement of these high-energy fluids is essential for process efficiency, safety,
and custody transfer.

Selecting the appropriate instrumentation for high temperature flow measurement
requires an understanding of how extreme heat affects both the physical
properties of the fluid and the mechanical integrity of the sensor. This guide
explores the primary measurement principles, selection criteria, and installation
strategies necessary for reliable performance in thermal extremes.

Measurement Principles for High Temperature
Environments

Before selecting a flow meter, it is vital to understand the physics behind the
measurement. High temperatures can alter fluid density, viscosity, and the
structural dimensions of the meter itself. The following technologies are most
commonly adapted for these conditions.

|Differentia| Pressure (DP) Flow Meters

Differential pressure remains the most widely used principle for high temperature
flow measurement. It operates on Bernoulli’s principle: as a fluid passes through a
restriction (like an orifice plate or Venturi tube), its velocity increases and its
pressure decreases. The square root of the pressure drop is proportional to the
flow rate.
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In high-temperature applications, DP meters are preferred because the primary
element (the orifice plate) can be manufactured from heat-resistant alloys like 316
Stainless Steel, Hastelloy, or Inconel. The sensitive electronic transmitter is
typically isolated from the heat using long impulse lines, which allow the fluid to
cool to a manageable temperature before reaching the sensor.

| Vortex Shedding Flow Meters

Vortex meters utilize the Von Karman effect. When a fluid flows past a
non-streamlined "shredder bar," vortices are shed alternately on each side. The
frequency of these vortices is directly proportional to the fluid velocity.

Vortex meters are excellent for high-temperature steam applications because they
have no moving parts to wear out. For extreme heat, manufacturers provide
versions with remote electronics and specialized gaskets. However, the sensors
that detect the pressure pulses must be rated for the operating temperature, often
utilizing piezoelectric crystals that can withstand up to 400°C.

|UItrasonic (Transit-Time) Flow Meters

Ultrasonic meters measure the time difference between sound pulses traveling
upstream and downstream. In high-temperature scenarios, "clamp-on" ultrasonic
meters are often used to avoid contact with the fluid entirely. High-temperature
transducers are coupled to the pipe using specialized gold-foil or high-viscosity
grease and can handle temperatures up to 250°C or higher with wave-guide
buffers that dissipate heat before it reaches the transducer crystal.

| Thermal Mass Flow Meters

These meters measure the rate at which heat is dissipated from a heated sensor
into the flowing gas. While highly accurate for gas flow, their use in
high-temperature environments is limited by the melting point of the internal
components and the fact that the "delta T" (temperature difference) becomes
harder to maintain when the ambient fluid temperature is already very high.
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Criteria for Selecting Flow Meters in High-Heat
Environments

Choosing the right instrument involves more than checking a temperature rating.
Engineers must evaluate the following factors to ensure long-term reliability.

1. Fluid State and Phase: Is the medium saturated steam, superheated steam, or a
high-temperature thermal oil? For example, Vortex meters are superior for steam,
while DP meters are often more versatile for high-temperature liquids.

2. Material Compatibility: At high temperatures, chemical reactions accelerate. A
material that is corrosion-resistant at 25°C may fail rapidly at 300°C. Ensure the
wetted parts are compatible with the process media at the maximum operating
temperature.

3. Thermal Expansion: Both the pipe and the meter will expand. If a meter is bolted
between flanges, the expansion coefficients must be considered to prevent leaks
or mechanical stress on the meter body.

4. Turndown Ratio: High-temperature processes often have wide fluctuations in
flow. DP meters typically have a lower turndown ratio (around 4:1 or 10:1),
whereas Vortex and Ultrasonic meters offer much wider ranges (up to 30:1 or
more).

| Technical Selection Comparison

Technology Max Typical Temp Primary Advantage | Main Limitation

Orifice (DP) > 1000°C (with Extremely high temp High pressure drop;
impulse lines) capability low turndown
Vortex 400°C - 450°C No moving parts; Requires minimum
great for steam Reynolds number
Ultrasonic 250°C - 500°C (with Non-intrusive; no Sensitive to pipe wall
buffers) pressure drop condition
Turbine 400°C High accuracy Moving parts prone

to wear
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| Installation and Maintenance Best Practices

Proper installation is the difference between an instrument that lasts years and
one that fails in weeks. When dealing with high temperature flow measurement,
the following considerations are paramount:

Remote Mounting of Electronics: Heat is the primary enemy of circuit boards.
Always use meters that allow the transmitter/display to be mounted several
meters away from the hot pipe or use cooling fins (radiators) on the sensor neck to
dissipate heat.

Insulation Strategy: While the pipe should be insulated for energy efficiency, the
sensor head or the transmitter connection point should often remain uninsulated to
allow for convective cooling. Always follow the manufacturer’s "keep-out" zones
for insulation.

Impulse Line Orientation: For DP meters in steam service, impulse lines should be
sloped to allow condensate to drain back into the process or to ensure the lines
remain filled with liquid (condensate pots) to protect the transmitter from live
steam.

Thermal Cycling: Frequent heating and cooling cycles can loosen mechanical
connections. Regular torque checks on flanges and inspection of gaskets are
required in high-temp B2B maintenance schedules.

| Risks, Limitations, and Safety Considerations

High temperature flow measurement carries inherent risks. The most significant is
the loss of containment. At high temperatures, a small leak can turn into a
high-pressure steam jet or a fire hazard if the fluid is flammable.

Calibration Drift: High temperatures can cause the physical dimensions of an
orifice plate or a vortex bar to change slightly. While modern flow computers can
compensate for thermal expansion of the metal, this must be programmed
correctly. Failure to account for the expansion of a 316 Stainless Steel orifice plate
can result in a 1-2% measurement error at 400°C.
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Safety Silting: In some high-temperature liquids, such as heavy crude or thermal
oils, "coking" or silting can occur. This buildup on the flow elements changes the
geometry and destroys accuracy. Regular inspection intervals are mandatory for
these types of media.

Integrating Flow and Level Measurement in Thermal
Systems

In many industrial applications, flow measurement does not exist in a vacuum. For
instance, in a boiler drum or a high-pressure separator, high temperature flow
measurement of the output steam must be balanced with precise level
measurement of the liquid phase.

As a professional manufacturer of industrial instruments, Welk provides a
comprehensive range of solutions for these complex environments. While flow
meters track the movement of the media, our radar level meters and magnetic
level gauges are designed to withstand the same extreme temperatures and
pressures, ensuring that the mass balance of the entire system is maintained. For
a complete overview of how these technologies integrate into your process, you
can visit our Main Page to review product options and application support.

|Frequent|y Asked Questions (FAQs)

Q: Can | use a standard magnetic flow meter for high-temperature liquids?

A: Generally, no. Most magnetic flow meters use PTFE or PFA liners, which are
limited to approximately 180°C. For temperatures above this, specialized ceramic
liners are required, but these are brittle and sensitive to thermal shock.

Q: How does temperature affect the accuracy of gas flow measurement?

A: Gas density changes significantly with temperature. If you are measuring
volumetric flow, the error will be massive unless you also measure the
temperature and pressure to calculate the "Standard" or "Normal" flow rate.

Q: What is the best way to protect a pressure transmitter in a high-temp DP flow
setup?
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A: The use of a "siphon" or sufficiently long impulse piping (usually 1 to 2 meters)
is the most effective method. This creates a stagnant "dead zone" of fluid that
cools down, acting as a thermal buffer between the hot process and the sensor.

| Final Confirmation Before Procurement

Before finalizing a specification for high temperature flow measurement, project
engineers should confirm the following data points:

1. Maximum and Minimum Operating Temperatures: Not just the "normal" run
temp, but also potential steam-out or cleaning temperatures.

2. Maximum Pressure: High temperature often reduces the pressure rating of
flanges (de-rating).

3. Allowable Pressure Drop: Some meters, like Venturi tubes, recover more
pressure than others, which can save significant pumping energy costs over time.

4. Straight Run Availability: Most high-temp flow technologies require 10 to 20
diameters of straight pipe upstream to ensure a stable flow profile.

By carefully matching the measurement principle to the specific thermal and
chemical properties of the process, operators can achieve accurate and safe flow
monitoring in even the most demanding industrial environments.



