WELK | REFERENCE GUIDE

Process Thermometers

A practical guide to process thermometers, covering the reader intent, the
relationship to process thermometers, key evaluation criteria, common risks, and
the information the intended project audience should confirm before taking the
next step.

levelmeter.org
Main topic: Main Page
https://www.level-meters.com/

Welk Reference Guide 1



WELK REFERENCE GUIDE Process Thermometers

In the landscape of industrial automation and process control, temperature is the
most frequently measured physical variable. Process thermometers are the
specialized instruments designed to monitor, record, and control these
temperatures across diverse environments, from cryogenic storage to high-heat
furnaces. Accurate temperature data is not only vital for product quality and safety
but is also a critical secondary variable in level measurement, where thermal
expansion can significantly impact the accuracy of hydrostatic and ultrasonic
readings.

Selecting the appropriate process thermometer requires a deep understanding of
the underlying measurement principles, the chemical nature of the process media,
and the mechanical stresses of the installation environment. This guide provides a
technical overview of temperature sensing technologies, selection criteria, and
best practices for industrial applications.

| Measurement Principles of Process Thermometers

Industrial temperature measurement generally relies on four primary physical
principles: thermal expansion of solids or liquids, the temperature-dependent
electrical resistance of metals, the Seebeck effect in semiconductors or dissimilar
metals, and infrared radiation. In most B2B process environments, the first three
are the most prevalent.

| Bimetallic Expansion

Bimetallic thermometers operate on the principle that different metals expand at
different rates when heated. Two thin strips of metal (typically brass and steel or
Invar) are bonded together. As temperature changes, the strip bends toward the
side with the lower expansion coefficient. In industrial process thermometers, this
strip is usually wound into a helix to increase sensitivity and housed within a
protective stem. The mechanical movement is then translated directly to a pointer
on a dial.
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|Resistance Temperature Detectors (RTDs)

RTDs operate on the principle that the electrical resistance of a metal increases as
its temperature rises. The most common material used is platinum, leading to the
industry-standard Pt100 (100 ohms at 0°C) and Pt1000 sensors. RTDs are prized for
their high accuracy, stability, and linearity over a moderate temperature range
(typically -200°C to +600°C).

| Thermocouples

A thermocouple consists of two wires made of dissimilar metals joined at one end
(the sensing junction). When there is a temperature difference between the
sensing junction and the reference junction (where the wires connect to the
measuring instrument), a small voltage (millivolts) is produced. This is known as
the Seebeck effect. Thermocouples are exceptionally rugged and can measure
temperatures up to 1,700°C and beyond, depending on the metal alloys used (e.g.,
Type K, Type J, or Type S).

| Filled-System Thermometers

These instruments consist of a bulb, a capillary tube, and a pressure-sensing
element (like a Bourdon tube). The system is filled with a liquid, gas, or vapor. As
the temperature at the bulb changes, the internal pressure or volume changes,
moving the Bourdon tube and the attached pointer. These are often used when
local indication is required without electrical power.

| Comparison of Sensing Technologies

Choosing between an RTD, a thermocouple, or a mechanical thermometer
depends on the specific requirements of the process. The following table
summarizes the key characteristics of these process thermometers.
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m RTD (Pt100) Thermocouple Filled-System

Temperature -70°C to -200°C to -200°C to -190°C to

Range +500°C +600°C +1700°C +600°C

Accuracy Moderate Very High Moderate to Moderate
High

Response Time Slow Moderate Fast Moderate

Vibration Low Moderate High Moderate

Resistance

Power Required No Yes No No

(Self-generating)

Common Local tank Precise High-heat Remote dial
Application monitoring chemical feeds furnaces reading

| Engineering Selection Criteria

When specifying process thermometers for an industrial project, engineers must
evaluate several technical parameters to ensure long-term reliability and
measurement integrity.

| 1. Temperature Range and Limits

Always select a thermometer where the operating temperature falls within the
middle 50% to 75% of the instrument's total range. Operating at the extreme limits
of a sensor's range can lead to premature drift or mechanical failure. For instance,
while a Type K thermocouple can reach 1,200°C, continuous use at this level in an
oxidizing atmosphere will shorten its lifespan significantly.
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| 2. Process Media and Chemical Compatibility

The wetted parts of the thermometer—or more commonly, the thermowell—must
be compatible with the process fluid. Standard 316L stainless steel is suitable for
many water treatment and food-grade applications. However, for highly corrosive
media like hot sulfuric acid or chlorides, exotic materials such as Hastelloy C-276,
Monel, or Tantalum coatings are required.

| 3. Response Time

In dynamic processes where temperature changes rapidly, the "time constant" of
the sensor is critical. RTDs and thermocouples generally have faster response
times than bimetallic or filled systems. However, the addition of a heavy-duty
thermowell will significantly increase the lag time. Using thermally conductive
paste inside the thermowell can help mitigate this delay.

| 4. Environmental Conditions

Consider the external environment. Is the instrument exposed to heavy vibration,
such as near a large pump or compressor? In such cases, liquid-filled dials (usually
glycerin or silicone oil) are necessary for mechanical thermometers to dampen
pointer oscillation. For electronic sensors, ensure the transmitter housing meets
the required IP (Ingress Protection) rating and explosion-proof certifications if
installed in hazardous zones.

| The Role of Thermowells in Process Safety

In most industrial B2B applications, process thermometers are not inserted directly
into the media. Instead, they are housed within a thermowell. A thermowell is a
pressure-tight receptacle that protects the temperature sensor from pressure, high
flow velocities, and chemical corrosion.
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| Benefits of Thermowells:

Maintenance: Sensors can be removed for calibration or replacement without
breaking the process seal or draining the tank/pipe.

Safety: They act as a primary containment barrier.

Structural Integrity: They protect delicate sensors from the mechanical forces of
flowing liquids.

Standardization: Allows the use of standard-length sensors across different pipe
sizes.

| Installation Considerations for Thermowells:

Insertion Length (U-Length): For accurate measurement, the sensing element must
be fully immersed in the process flow. A general rule of thumb is an insertion
length of 1/3 to 2/3 of the pipe diameter. In small pipes, the thermowell may need
to be installed at an elbow or an angle to ensure sufficient immersion.

Wake Frequency: In high-velocity steam or gas lines, the flow can cause the
thermowell to vibrate. If the frequency of these vibrations (the wake frequency)
matches the natural frequency of the thermowell, it can lead to catastrophic
mechanical failure. Engineers should perform wake frequency calculations
according to ASME PTC 19.3 TW standards.

| Temperature Compensation in Level Measurement

As a professional manufacturer of level measurement instruments, Welk
emphasizes the synergy between temperature and level data. Many level
measurement technologies are sensitive to temperature fluctuations, making
process thermometers an essential component of a complete measurement loop.
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| Hydrostatic Level Measurement

Hydrostatic pressure sensors measure the weight of the liquid column above them.
However, as temperature increases, the density of the liquid decreases. Without
temperature compensation provided by a process thermometer, the level reading
will appear lower than it actually is, even though the mass remains the same.
Modern transmitters often integrate temperature data to provide a corrected "true
level" regardless of thermal expansion.

| Ultrasonic and Radar Level Meters

In ultrasonic level measurement, the speed of sound is highly dependent on the
temperature of the air or gas through which it travels. A change of just 1°C can
result in a 0.17% error in distance measurement. While many ultrasonic sensors
have built-in temperature compensation, external process thermometers provide
more accurate data in large tanks where temperature gradients exist. For more
advanced solutions in this field, users can refer to the Main Page for technical
specifications on integrated measurement systems.

| Installation and Maintenance Best Practices

To ensure the longevity of process thermometers, follow these engineering
guidelines:

1. Orientation: For mechanical dial thermometers, install the face so it is easily
readable by operators from floor level. If the connection is at an awkward angle,
specify an "every-angle" swivel connection.

2. Insulation: If the pipe or vessel is insulated, ensure the thermometer head or
transmitter is extended beyond the insulation layer to prevent overheating of the
electronics.

3. Wiring: For RTDs, use 3-wire or 4-wire configurations to compensate for
lead-wire resistance, especially over long distances. This is crucial for maintaining
the inherent accuracy of the Pt100 sensor.
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4. Calibration: Industrial thermometers should be calibrated annually. Use a
dry-block calibrator or a high-precision oil bath to compare the process
thermometer against a NIST-traceable reference standard.

| Limitations and Common Risks

Despite their robustness, process thermometers have limitations that must be
managed:

Drift: Over time, the internal components of RTDs and thermocouples can degrade,
leading to a slow shift in readings. Regular calibration is the only way to detect and
correct drift.

Stem Conduction: If the stem of the thermometer is not sufficiently immersed, heat
will conduct away from the sensor toward the cooler ambient air outside the pipe,
resulting in a lower-than-actual temperature reading.

Mechanical Stress: Excessive tightening of NPT threads can crack the housing or
damage the internal sensing element. Use appropriate thread sealants and torque
specifications.

| Frequently Asked Questions (FAQs)

Q: When should | choose an RTD over a thermocouple?

A: Choose an RTD when high accuracy and stability are required at temperatures
below 600°C. Choose a thermocouple for temperatures above 600°C, or in
applications with high vibration and physical shock where an RTD might fail.

Q: What is the difference between a Pt100 and a Pt1000 sensor?

A: A Pt100 has a resistance of 100 ohms at 0°C, while a Pt1000 has 1000 ohms.
Pt1000 sensors are often preferred in battery-powered or low-power applications
because the higher resistance results in lower current draw and reduces the
impact of lead-wire resistance in 2-wire setups.

Q: Can | use a bimetallic thermometer for hazardous areas?
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A: Yes. Since standard bimetallic thermometers are purely mechanical and do not
require electrical power, they are inherently "simple apparatus" and are safe for
use in explosive atmospheres, provided there is no risk of static buildup on the dial
face.

Q: How do | prevent moisture from entering the thermometer head?

A: Ensure that all conduit entries are sealed with appropriate glands and that the
cover O-ring is intact. Using a "drip loop" in the wiring can also prevent
condensation from running down the cable and into the housing.

For engineers and procurement professionals seeking to integrate these sensors
into broader automation frameworks, exploring the latest in sensor technology is
essential. You can Review product options and application support to find the right
balance of accuracy, durability, and cost for your specific industrial requirements.
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