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In the landscape of industrial process control, temperature measuring equipment
stands as a foundational pillar alongside level, pressure, and flow instrumentation.
Accurate thermal monitoring is not merely a matter of operational efficiency; itis a
critical requirement for safety, product quality, and the longevity of mechanical
assets. From chemical reactors and steam boilers to water treatment facilities and
food processing lines, the ability to quantify thermal energy precisely allows
engineers to maintain stable reactions and protect sensitive equipment.

For professionals managing complex tank farms or automated silos, temperature
measurement is often inextricably linked to level measurement. Changes in
temperature directly influence the density of liquids and the speed of sound in
gases, both of which are variables that must be accounted for to ensure accurate
level readings. This guide explores the principles, selection criteria, and industrial
applications of modern temperature measuring equipment.

| Principles of Temperature Measurement

Before selecting specific hardware, it is essential to understand the physical
principles that govern how industrial sensors convert thermal energy into a
readable signal. Most industrial applications rely on three primary technologies:
Resistance Temperature Detectors (RTDs), Thermocouples, and 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. Most
industrial RTDs utilize platinum (Pt) due to its chemical stability and linear
resistance-to-temperature curve. The most common standard is the Pt100, which
has a resistance of 100 ohms at 0°C (32°F).

RTDs are favored in B2B applications where high accuracy and stability over long
periods are required. They are typically used in environments ranging from -200°C
to +600°C (-328°F to 1112°F). Their primary advantage is linearity, though they
are more susceptible to mechanical vibration than thermocouples.
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| Thermocouples

Thermocouples utilize the Seebeck effect, where a voltage is generated at the
junction of two dissimilar metals when exposed to a temperature gradient.
Different combinations of metals (calibrations) define the thermocouple type (e.g.,
Type K, J, T, or S).

Thermocouples are the workhorses of high-temperature industrial processes. They
are incredibly rugged, have a fast response time, and can measure temperatures
exceeding 1700°C (3092°F). However, they are generally less accurate than RTDs
and require "cold junction compensation" at the transmitter end to maintain
precision.

| Infrared (IR) Pyrometry

Non-contact temperature measuring equipment utilizes infrared sensors to detect
the thermal radiation emitted by an object. This is essential for moving parts,
hazardous materials, or vacuum environments where contact probes cannot be
installed. The accuracy of IR measurement depends heavily on the emissivity of
the target surface—the measure of how effectively a surface emits thermal
energy.

The Role of Temperature in Level Measurement
Accuracy

In many industrial setups, temperature sensors are integrated directly into level
measurement systems. This is particularly true for technologies manufactured by
specialists like Welk, where precision is paramount. For more information on
integrated measurement solutions, you can visit the Main Page of our technical
catalog.
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| Ultrasonic Level Sensors

Ultrasonic sensors calculate the distance to a liquid surface by measuring the time
of flight of a sound pulse. However, the speed of sound is not constant; it varies
with the temperature of the air or gas medium. Without an integrated temperature
sensor to provide real-time compensation, a 10°C change in air temperature could
result in a measurement error of approximately 1.7%. High-quality ultrasonic
transmitters include built-in temperature measuring equipment to automatically
adjust these calculations.

| Hydrostatic Level Transmitters

Hydrostatic pressure sensors determine level based on the weight of the liquid
column above the sensor. Because the density of most liquids decreases as
temperature increases, the pressure exerted by a fixed volume of liquid will
change. In precision applications, such as fuel storage or chemical dosing,
temperature data is used to calculate the actual density, ensuring the level reading
remains accurate regardless of thermal fluctuations.

| Industrial Equipment Categories

Modern temperature measuring equipment is categorized by its form factor and
how it interfaces with the wider control system (PLC/SCADA).

1. Temperature Probes and Inserts: The primary sensing element, often housed in
a stainless steel sheath. These can be spring-loaded to ensure constant contact
with the bottom of a thermowell.

2. Temperature Transmitters: These devices convert the low-level millivolt
(thermocouple) or ohmic (RTD) signal into a standardized 4-20mA or digital signal
(HART, Profibus, Modbus). Transmitters can be head-mounted (directly on the
sensor) or rail-mounted in a control cabinet.
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3. Thermowells: These are cylindrical fittings used to protect temperature sensors
from pressure, high flow velocities, and corrosive process media. They allow for
the removal of the sensor for calibration without breaking the process seal or
draining the tank.

Selection Criteria for Temperature Measuring
Equipment

Choosing the right instrument requires a balance between technical requirements
and budget constraints. Engineers should evaluate the following factors:

| 1. Temperature Range

Ensure the sensor can handle both the normal operating temperature and potential
"excursion" temperatures (e.g., during Steam-In-Place cleaning or process upsets).
RTDs are ideal for mid-range precision, while thermocouples are necessary for
extreme heat.

| 2. Accuracy and Repeatability

In B2B procurement, the "Class" of the sensor matters. For RTDs, Class A offers
tighter tolerances than Class B. For thermocouples, "Special Limits of Error" (SLE)
wire should be specified for critical applications.

| 3. Environmental Conditions

Consider the presence of vibration, corrosive chemicals, and electromagnetic
interference (EMI). In high-vibration environments, thin-film RTDs or ruggedized
thermocouples are preferred. If the area is hazardous (explosive dust or vapors),
the equipment must be ATEX or IECEX certified.
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| 4. Response Time

Temperature Measuring Equipment

If the process involves rapid thermal cycling, a sensor with a small diameter or a
fast-response tip is required. Using a heavy-duty thermowell will significantly
increase the "thermal lag," slowing down the response time.

| Practical Selection Table

Technology Temperature Accuracy Durability Best For
Range (°C)
RTD (Pt100) -200 to +600 Very High Moderate Food & Pharma,
Precision Labs
Thermocouple -200 to +1260 Moderate High Furnaces, Kilns,
(Type K) General
Industry
Thermocouple 0 to +1600 High Moderate Glass & Metal
(Type S) Smelting
Infrared (IR) -50 to +3000 Low to N/A Moving Belts,
Moderate (Non-contact) Rotating Kilns
Thermistor -40 to +150 High (Limited Moderate HVAC, Battery
Range) Monitoring

| Installation Considerations

Proper installation is as critical as the quality of the temperature measuring
equipment itself. Poorly placed sensors will provide "representative" data rather
than accurate process data.

Immersion Length: To avoid error caused by heat conduction through the sensor
housing (stem conduction), a sensor should be immersed to a depth at least 10
times its diameter. For example, a 6mm probe should have at least 60mm of
immersion in the fluid.

Welk Reference Guide 6



WELK REFERENCE GUIDE Temperature Measuring Equipment

Thermowell Placement: In pipelines, the sensor should ideally be placed in an
elbow, facing the flow. This ensures the sensing tip is fully submerged in the
moving medium and reduces the risk of staghant pockets affecting the reading.

Lagging and Insulation: If the vessel or pipe is insulated, the connection head of
the temperature sensor should extend beyond the insulation to prevent the
electronics in the transmitter from overheating.

Wiring: For RTDs, 3-wire or 4-wire configurations should be used to compensate for
the resistance of the lead wires, especially over long distances. 2-wire RTDs are
rarely used in industrial B2B applications due to inherent inaccuracies.

| Limitations of Temperature Sensors

While robust, temperature measuring equipment is not without its limitations.

Drift: Over time, the materials in thermocouples can oxidize or become
contaminated, leading to a shift in the voltage-temperature relationship. Regular
calibration is necessary.

Self-Heating: RTDs require a small excitation current to operate. This current
generates a tiny amount of heat within the sensor. If the medium being measured
is stagnant or has low thermal conductivity, this can lead to a slightly elevated
reading.

Fragility: The ceramic insulators and fine wires inside high-temperature probes can
be damaged by heavy mechanical shock or intense vibration if not properly
supported.

| Maintenance and Calibration Protocols

To maintain ISO compliance and process safety, temperature measuring
equipment must be calibrated periodically. This typically involves comparing the
sensor's output against a traceable reference standard in a controlled
environment, such as a dry-block calibrator or a stirred liquid bath.
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In many industries, a "loop check" is performed, where the entire signal
chain—from the sensor tip through the transmitter to the PLC display—is verified.
This ensures that errors in wiring or scaling in the control system are identified and
corrected.

| Frequently Asked Questions (FAQ)

Q: Can | use a thermocouple for water treatment applications?

A: While possible, an RTD is usually preferred for water treatment because the
temperature range is narrow (typically 0°C to 100°C) and RTDs provide much
better accuracy and stability in this range.

Q: What is the difference between a 3-wire and 4-wire RTD?

A: A 3-wire RTD uses a third wire to measure and subtract the lead wire resistance,
which is sufficient for most industrial needs. A 4-wire RTD provides the highest
precision by completely eliminating the impact of lead wire resistance, often used
in laboratory or custody transfer applications.

Q: How do | know if my temperature sensor has failed?

A: Common signs include a "burned out"” signal (the transmitter drives the output
to 22mA or 3.5mA), erratic readings that jump significantly in a few seconds, or a
reading that stays fixed regardless of process changes (often indicating a short
circuit).

Q: Why is a transmitter better than wiring a sensor directly to a PLC?

A: Transmitters convert weak signals into a robust 4-20mA signal that is much
more resistant to electrical noise over long distances. They also allow for local
diagnostics and simplified scaling.

For engineers seeking to integrate these thermal solutions with advanced level
monitoring, reviewing comprehensive product options and application support on
the Welk Main Page is a recommended next step. Understanding the synergy
between temperature and level measurement is the key to achieving true process
optimization.
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