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In the field of industrial instrumentation and process control, ensuring that sensors
operate reliably under extreme thermal conditions is a critical requirement.
Temperature forcing equipment—specialized systems designed to deliver precise,
high-velocity thermal air or fluid to a specific component—plays a vital role in this
validation process. For manufacturers of level measurement instruments, such as
Welk, these systems are indispensable for characterizing the performance of
radar, ultrasonic, and hydrostatic sensors before they are deployed in harsh
environments like chemical reactors or cryogenic storage tanks.

This guide explores the engineering principles behind temperature forcing
equipment, its application in testing level measurement technologies, and the
practical considerations required for selection and installation.

| Understanding the Principles of Temperature Forcing

Temperature forcing equipment operates on the principle of localized thermal
conditioning. Unlike traditional environmental chambers that heat or cool an entire
room-sized volume, temperature forcing systems focus a high-speed stream of
temperature-controlled air (or sometimes liquid) directly onto a Device Under Test
(DUT). This allows for rapid transitions between temperature extremes, often
referred to as "thermal shock" or high-ramp-rate testing.

| Thermal Dynamics in Level Measurement

To understand why temperature forcing is hecessary, one must look at how
temperature influences level measurement physics:

1. Ultrasonic Velocity: Ultrasonic level sensors measure distance by timing the
reflection of sound waves. However, the speed of sound in air is highly dependent
on temperature ($v \approx 331.3 \sqrt{1l + T/273.15}$ m/s). Without precise
thermal characterization and compensation, a change of $10™ {\circ}C$ can lead
to significant measurement errors.

2. Dielectric Constant Stability: In radar level measurement, while the microwave
signal is largely unaffected by air temperature, the electronic components and the
dielectric properties of the sealing materials in the antenna assembly can shift
under heat, affecting signal integrity.
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3. Material Expansion: Hydrostatic level transmitters rely on pressure diaphragms.
Thermal expansion of the fill fluid or the diaphragm material itself can cause "zero
drift," where the sensor reports a level change that has not actually occurred.

By using temperature forcing equipment, engineers can simulate these shifts in a
controlled laboratory setting, allowing for the development of robust compensation
algorithms found on the Main Page of advanced instrumentation catalogs.

| Types of Temperature Forcing Systems

There are two primary configurations for temperature forcing equipment used in
industrial B2B environments: air-stream systems and fluid-based systems.

|Air-Stream Systems (Thermal Streams)

These are the most common in electronics and sensor testing. They use a
compressor and a series of heat exchangers to condition dry compressed air to
temperatures ranging from $-80" {\circ}C$ to $+225" {\circ}C$. The air is then
forced through a flexible hose to a shroud or "cap" that surrounds the sensor.

Advantages: Extremely fast ramp rates (up to $15” {\circ}C$ per second),
non-conductive, and allows for easy access to the sensor during testing.

Best For: Validating the electronics of radar and ultrasonic level meters.

|FIuid-Based Systems (Circulators)

These systems circulate a thermal fluid (such as silicone oil or glycol) through a
jacketed vessel or directly into a test fixture.

Advantages: Higher thermal mass provides better stability for long-term soak
tests; more accurately simulates contact with process liquids.

Best For: Testing hydrostatic pressure sensors and magnetic level gauge
components where the sensor is in direct contact with the process media.

Welk Reference Guide 3



WELK REFERENCE GUIDE Temperature Forcing Equipment

|Selection Criteria for Industrial Applications

When evaluating temperature forcing equipment for a testing facility, several
technical parameters must be prioritized to ensure the data collected is valid for
industrial-grade level sensors.

| 1. Temperature Range and Precision

Industrial level meters often need to operate from $-40" {\circ}C$ in outdoor arctic
environments to $+150" {\circ}C$ or higher in steam-jacketed tanks. The forcing
equipment should ideally exceed the operational range of the sensor by at least
$20\%$ to test safety margins.

| 2. Ramp Rate and Throughput

In a production environment, the time it takes to move from a cold soak to a hot
soak determines throughput. Equipment that can transition from $-45" {\circ}C$ to
$+1257{\circ}C$% in under two minutes is standard for high-volume sensor
manufacturing.

| 3. Airflow Capacity

The volume of air delivered (measured in liters per second or cubic feet per
minute) must be sufficient to overcome the thermal mass of the sensor. A heavy
stainless steel radar flange requires more airflow to change temperature than a
small plastic ultrasonic housing.

| Selection Table: Equipment Comparison
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Air-Stream System Fluid Circulator Environmental
Chamber

Primary Use Rapid Thermal Constant Process Bulk Batch Testing
Cycling Simulation

Temperature Range $-80" {\circ}Cs$ to $-90" {\circ}C$ to $-70" {\circ}Cs to
$+225" {\circ}C$ $+300" {\circ}Cs $+180" {\circ}C$

Ramp Rate Very High Medium Low

($=>10"{\circ}C/sec$) ($1-3"{\circ}C/sec$) ($<1”{\circ}C/min$)

Accessibility Excellent (Open Moderate (Plumbed) Poor (Closed Door)
Bench)

Sensor Impact Tests Housing & Tests Wetted Parts Tests Complete
Electronics Assembly

| Installation and Operational Considerations

Implementing temperature forcing equipment requires more than just plugging in
the unit. To achieve accurate results, engineers must consider the following
installation factors:

| Moisture Control and Frosting

When operating at sub-zero temperatures, moisture in the ambient air will
condense and freeze on the sensor. This is particularly problematic for ultrasonic
sensors, as ice on the transducer face will block the signal. Temperature forcing
equipment must be supplied with extremely dry compressed air (Pressure Dew
Point of $-70" {\circ}C$ or better) to prevent frost buildup.

| ESD Protection

High-velocity air moving through plastic hoses can generate significant static
electricity. In B2B environments where sensitive electronics are tested, the forcing
system must include anti-static ionizers in the airflow path to prevent Electrostatic
Discharge (ESD) damage to the level meter’'s microprocessor.
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| Shrouding and Insulation

To maintain temperature stability, the "nozzle" of the forcing equipment should be
fitted with a custom-molded silicone shroud that fits snugly over the level sensor.
This prevents "leakage" of the conditioned air, which would otherwise lead to
temperature gradients across the sensor body, resulting in inaccurate calibration
data.

| Limitations of Temperature Forcing

While highly effective, temperature forcing equipment has specific limitations that
engineers must account for:

Thermal Lag: The air temperature at the nozzle may reach $-40" {\circ}C$
instantly, but the internal components of a heavy-duty radar level meter may take
several minutes to reach equilibrium due to thermal mass. Internal thermocouples
are often required during testing to verify actual component temperature.

Surface-Only Conditioning: Air-stream systems primarily condition the exterior of
the device. For sensors where internal heat generation is a factor, localized forcing
might mask internal thermal issues if not monitored carefully.

Noise Interference: High-velocity air streams can create acoustic noise. For
ultrasonic level sensors, this air noise can sometimes interfere with the
transducer’s ability to detect weak echoes, requiring the air to be briefly pulsed off
during the actual measurement reading.

| Frequently Asked Questions (FAQ)

Q: How often should temperature forcing equipment be calibrated?

A: For ISO-certified manufacturing of level instruments, the temperature output
should be calibrated annually using a NIST-traceable reference thermometer
placed at the nozzle exit.

Q: Can these systems be used for hazardous area (ATEX/IECEX) testing?
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A: Most temperature forcing systems are not explosion-proof. Testing of sensors
intended for hazardous areas is typically done in a non-hazardous lab environment,
simulating the thermal conditions the sensor will face once installed in the field.

Q: What is the typical power requirement for these units?

A: Most high-performance air-stream systems require $200V$ to $240V$
single-phase or three-phase power, as the heaters and refrigeration compressors
draw significant current during rapid transitions.

| Conclusion

Temperature forcing equipment is a cornerstone of modern industrial sensor
development. It allows manufacturers to guarantee that a radar or ultrasonic level
meter will remain accurate whether it is installed in a desert environment or a
refrigerated processing plant. By understanding the principles of thermal dynamics
and selecting the appropriate forcing technology, engineers can ensure high
reliability in process control. For those seeking advanced measurement solutions
that have undergone rigorous thermal validation, reviewing the technical
specifications on the Main Page of professional instrumentation providers is the
recommended next step in the procurement process.
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