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In the landscape of industrial automation and process control, temperature is
perhaps the most frequently measured physical parameter. From monitoring the
exothermic reactions in a chemical reactor to ensuring the safety of steam boilers
in power plants, the accuracy and reliability of temperature measurement directly
impact product quality, operational efficiency, and plant safety.

Selecting the appropriate temperature sensors for industrial applications requires a
deep understanding of the underlying physics of measurement, the environmental
constraints of the specific site, and the integration requirements with other process
instruments. This guide provides a technical overview of temperature sensing
technologies, their selection criteria, and their critical role in broader
instrumentation systems, including level measurement.

Measurement Principles of Industrial Temperature
Sensors

Before selecting a sensor, it is essential to understand the physical principles that
govern different sensing technologies. Most industrial applications rely on one of
four primary methods: Resistance Temperature Detectors (RTDs), Thermocouples,
Thermistors, or Infrared (IR) sensors.

|Resistance Temperature Detectors (RTDs)

RTDs operate on the principle that the electrical resistance of a metal increases as
its temperature rises. This relationship is highly predictable and repeatable. The
most common material used is platinum, leading to the industry-standard Pt100
(100 ohms at 0°C) and Pt1000 sensors.

Accuracy: RTDs are known for their high accuracy and stability over time.

Wiring Configurations: To compensate for lead wire resistance, RTDs are typically
configured in 3-wire or 4-wire circuits. The 4-wire configuration provides the
highest precision by completely eliminating the effect of lead wire resistance.

Range: Generally suitable for temperatures between -200°C and +600°C (-328°F
ta IT112°F).
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| Thermocouples

Thermocouples consist of two dissimilar metal wires joined at one end (the sensing
junction). When there is a temperature gradient between the sensing junction and

the reference junction (cold junction), a small voltage is produced—a phenomenon
known as the Seebeck effect.

Types: Common types include Type K (Chromel-Alumel), Type ] (Iron-Constantan),
and Type T (Copper-Constantan).

Durability: They are rugged, can withstand high vibrations, and have a very fast
response time.

Range: Capable of measuring extreme temperatures, from -270°C up to 1,800°C
(3272°F), depending on the metal combination.

| Thermistors

Thermistors are ceramic-like semiconductors that exhibit a large change in
resistance in response to a small change in temperature. Most industrial
thermistors have a Negative Temperature Coefficient (NTC), meaning resistance
decreases as temperature increases.

Sensitivity: Extremely sensitive, making them ideal for detecting minute
temperature fluctuations.

Limitations: They have a non-linear output and a relatively narrow operating
range, typically limited to -50°C to +150°C (-58°F to 302°F).

| Infrared (IR) Sensors

Non-contact temperature measurement utilizes infrared sensors to detect the
thermal radiation emitted by an object. This is essential for moving parts,
extremely hot surfaces, or corrosive materials where a physical probe cannot be
used.
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The Relationship Between Temperature and Level
Measurement

While temperature is a primary variable, it is also a critical secondary variable in
level measurement. Industrial level instruments, such as those found on the Main
Page of instrumentation catalogs, often incorporate temperature sensors to
maintain accuracy.

1. Ultrasonic Level Sensors: The speed of sound in air is temperature-dependent.
An ultrasonic sensor measures the time it takes for a pulse to return; if the air
temperature changes without compensation, the calculated distance will be
incorrect. Integrated temperature sensors allow the transmitter to adjust the
speed-of-sound calculation in real-time.

2. Hydrostatic Level Transmitters: These sensors measure the pressure exerted by
a liquid column. Since the density of a liquid changes with temperature, a
temperature sensor is required to correct the density value and provide an
accurate level or volume reading.

3. Radar Level Meters: While radar (EM waves) is less affected by temperature
than ultrasonic (sound waves), extreme temperature fluctuations can still affect
the electronics or the dielectric constant of certain vapors, requiring robust
thermal management in the sensor housing.

| Selection Criteria for Industrial Environments
Choosing the right temperature sensors for industrial applications involves

balancing technical performance with environmental durability. Engineers should
evaluate the following criteria:

| Temperature Range and Accuracy

Determine the normal operating range and the potential excursion limits. RTDs are
preferred for high-precision applications within moderate ranges, while
thermocouples are the standard for high-temperature furnaces and kilns.

Welk Reference Guide 4



WELK REFERENCE GUIDE Temperature Sensors for Industrial Applications

| Response Time

In dynamic processes where temperature changes rapidly (e.g., heat exchangers),
a sensor with a small thermal mass or a thin-wall thermowell is necessary to
minimize lag.

| Environmental Conditions

Chemical Compatibility: Sensors must be protected from corrosive media. This
often involves using a thermowell made of Stainless Steel 316L, Monel, or
Hastelloy.

Pressure: In high-pressure pipes or tanks, the mechanical strength of the sensor
assembly is paramount.

Vibration: High-vibration environments, such as near pumps or compressors, may
require mineral-insulated (MI) thermocouple cables or vibration-resistant RTD
elements.

| Installation Considerations and Best Practices

Correct installation is as important as sensor selection. Poorly installed sensors will
yield inaccurate data regardless of their inherent precision.

| Thermowell Usage

A thermowell is a cylindrical fitting used to protect temperature sensors installed in
industrial processes. It allows for the removal of the sensor for calibration or
replacement without breaking the process seal or draining the tank.

Insertion Length: The sensor should be inserted deep enough into the process to

avoid "stem conduction" errors, where heat travels along the sensor body to the

outside environment. A general rule is an insertion length of at least 10 times the
thermowell diameter.
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Flow Velocity: In high-velocity pipelines, thermowells must be checked for wake
frequency limits to prevent mechanical failure due to flow-induced vibration.

| Signal Transmission

In large industrial facilities, the distance between the sensor and the control room
can be hundreds of meters.

Transmitters: Converting the sensor signal (Ohm or mV) to a 4-20mA current loop
or a digital protocol (HART, Modbus, Profibus) at the point of measurement reduces
the risk of electromagnetic interference (EMI) and signal degradation.

| Practical Selection Table

RTD (Pt100) Thermocouple Thermistor Infrared (IR)
(Type K) (NTC)
Accuracy Excellent Moderate High (Narrow Moderate
Range)
Stability High Low (Drifts over Moderate Moderate
time)
Range -200°C to -200°C to -50°C to -50°C to
+600°C +1260°C +1505C +3000°C
Cost Moderate Low Low High
Response Time Slow to Fast Fast Very Fast
Moderate
Linearity Excellent Moderate Poor Non-linear

(Exponential)

| Limitations and Common Risks

Despite their reliability, temperature sensors are subject to several failure modes
that can compromise process safety:
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Sensor Drift: Over time, the physical properties of the sensing element can change,
leading to a gradual loss of accuracy. Regular calibration against a known standard
is required.

Decalibration of Thermocouples: Exposure to high temperatures can cause the
metal alloys in thermocouples to change composition (aging), resulting in a
permanent shift in the voltage-to-temperature relationship.

Self-Heating in RTDs: The current used to measure the resistance of an RTD
generates a small amount of heat. If the current is too high or the medium is
poorly conductive, this can result in a falsely high temperature reading.

Emissivity Errors in IR: Non-contact sensors depend on knowing the emissivity of
the target surface. If the surface becomes oxidized, wet, or dusty, the emissivity
changes, leading to significant measurement errors.

| Frequently Asked Questions (FAQ)

Q: When should | choose a 4-wire RTD over a 3-wire RTD?

A: A 4-wire RTD should be used whenever the highest possible accuracy is
required, or when the lead wire length is very long. The 4-wire configuration
eliminates the error caused by the resistance of the lead wires, whereas a 3-wire
configuration only compensates for it assuming all three wires have identical
resistance.

Q: Can | use a thermocouple without a thermowell?

A: Yes, in low-pressure, non-corrosive applications like air duct monitoring.
However, for most liquid processes or high-pressure steam, a thermowell is
mandatory for safety and maintenance.

Q: How does ambient temperature affect my sensor's transmitter?

A: Most industrial transmitters have an operating ambient temperature range (e.g.,
-40°C to +85°C). If the transmitter is mounted too close to a hot process pipe, the
internal electronics may drift or fail. Remote mounting or thermal stand-offs are
common solutions.
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Q: Why is my ultrasonic level sensor giving different readings during the day and
night?

A: This is likely due to temperature stratification in the tank. If the sensor is only
measuring temperature at the top of the tank, but the air column has different
temperature layers, the speed-of-sound compensation will be inaccurate. Using a
sensor with integrated temperature compensation or external probes can mitigate
this.

| Conclusion

Temperature sensors for industrial applications are foundational components of
modern process control. Whether used as a standalone measurement or as a
compensation factor for level and flow instruments, their correct selection and
installation are vital. By understanding the trade-offs between RTDs,
thermocouples, and other technologies, engineers can ensure long-term stability
and accuracy in their operations.

For those managing complex industrial sites, integrating temperature data with
reliable level measurement systems is the next step toward full process
optimization. To review specific product options and application support for
integrated measurement solutions, visit the Main Page for detailed technical
specifications and engineering guidance.
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