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Internal Vapor Analysis

A practical guide to internal vapor analysis, covering the reader intent, the
relationship to internal vapor analysis, key evaluation criteria, common risks, and
the information the intended project audience should confirm before taking the
next step.
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In the field of industrial level measurement, the accuracy of a sensor is often
determined not just by the characteristics of the liquid being measured, but by the
environment in the headspace above it. Internal vapor analysis is the engineering
process of evaluating the composition, temperature, pressure, and density of the
gas phase within a vessel to determine how these factors will influence signal
propagation. For process engineers and instrumentation specialists, understanding
the vapor space is critical when selecting between ultrasonic, radar, or hydrostatic
technologies.

At Welk, we recognize that failing to account for internal vapors is a leading cause
of measurement drift and signal loss. This guide provides a technical overview of
how different vapors interact with measurement signals and offers a framework for
selecting the right instrumentation for challenging atmospheric conditions.

| Measurement Principles and Vapor Interaction

To perform an effective internal vapor analysis, one must first understand how
different measurement technologies interact with the medium in the tank's
headspace. The two most common non-contact methods—ultrasonic and
radar—react very differently to vapor presence.

| Ultrasonic Signal Propagation

Ultrasonic level sensors function by emitting high-frequency sound waves that
travel through the vapor space, reflect off the liquid surface, and return to the
transducer. The sensor calculates the distance based on the speed of sound.
However, the speed of sound is not a constant; it is highly dependent on the
medium through which it travels.

In a standard air environment at 20°C (68°F), sound travels at approximately 343
meters per second (1,125 ft/s). If the internal vapor analysis reveals a high
concentration of carbon dioxide (CO2), the speed of sound drops significantly.
Conversely, in a hydrogen-rich atmosphere, the speed of sound increases. Without
proper compensation, these changes result in significant measurement errors.
Furthermore, temperature gradients within the vapor space can cause the sound
wave to refract or change speed mid-flight, leading to further inaccuracies.

Welk Reference Guide 2



WELK REFERENCE GUIDE Internal Vapor Analysis

| Radar (Electromagnetic) Signal Propagation

Radar level meters, such as those manufactured by Welk, utilize electromagnetic
waves. Unlike sound, these waves do not require a physical medium and can travel
through a vacuum. However, they are influenced by the dielectric constant (er) of
the vapor space.

In most applications, the dielectric constant of the vapor is close to 1.0 (the value
of air), meaning the signal speed is virtually unaffected. However, in high-pressure
environments or when dealing with certain chemicals like ammonia or
high-pressure steam, the dielectric constant of the vapor increases. This causes
the radar signal to slow down slightly, a phenomenon known as propagation delay.
While this delay is often negligible at low pressures, it must be accounted for in
high-precision industrial applications through rigorous internal vapor analysis.

The Role of Internal Vapor Analysis in Sensor
Selection

When designing a level measurement system, engineers must evaluate the
chemical and physical properties of the vapors present. This analysis dictates
whether a non-contact method is viable or if a contact-based method, such as a
magnetic level gauge or hydrostatic transmitter, is required.

| Chemical Composition and Attenuation

Certain vapors have high absorption coefficients at specific frequencies. For
ultrasonic sensors, heavy vapors or those with high molecular weights can
attenuate the sound energy, effectively "swallowing" the signal before it returns to
the sensor. In radar applications, while most vapors are transparent to the signal,
heavy dust or extremely dense steam clouds can cause scattering, especially at
higher frequencies like 80GHz.
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| Temperature and Pressure Extremes

Internal vapor analysis must consider the operating range of the vessel. High
temperatures (e.g., above 150°C / 302°F) can create turbulent vapor layers or
thermal stratification. In pressurized vessels, the density of the vapor increases,
which directly impacts the speed of sound for ultrasonic devices. For radar, high
pressure (typically above 20 bar / 290 psi) can increase the dielectric constant of
the gas phase enough to require a correction factor in the transmitter's software.

Practical Selection Criteria for Vapor-Rich
Environments

The following table summarizes how different level measurement technologies
perform under various vapor conditions identified during analysis.

Vapor Condition Ultrasonic Sensors Radar Level Meters Hydrostatic

Transmitters

Stable Air/Gas Excellent Excellent Excellent
Variable Gas Mixture Poor (Requires Excellent Excellent
constant

recalibration)

Heavy Condensation Moderate (Droplets Good (With PTFE Excellent
on transducer) antenna)
High-Pressure Steam Poor Good (Requires Excellent

compensation)

Corrosive Vapors Good (If plastic Excellent (With Good (With chemical
housed) PTFE/PFA lining) seals)
Vacuum Conditions Cannot Function Excellent Excellent

For complex applications involving multiple variables, it is recommended to Review
product options and application support to ensure the selected hardware matches
the results of your internal vapor analysis.
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Installation Considerations for Mitigating Vapor
Interference

Once the internal vapor analysis is complete and a technology is selected, the
physical installation must be optimized to handle the predicted vapor behavior.

| 1. Nozzle Geometry and Condensation

In environments where vapors condense easily, droplets can form on the sensor
face. For ultrasonic sensors, this can create a "blind" condition. For radar, Welk
recommends using a lens antenna or a PTFE drop antenna designed to shed
condensate. Nozzles should be kept as short as possible to prevent vapors from
cooling and condensing within the mounting neck.

| 2. Stilling Wells and Bypass Pipes

If the internal vapor analysis indicates high turbulence, foam, or extreme boiling at
the surface, a stilling well or bypass pipe is often the best solution. These
structures provide a calm surface for measurement and isolate the signal from the
most volatile parts of the vapor space. When using radar in a stilling well, the pipe
acts as a waveguide, which can actually enhance signal strength in low-dielectric
applications.

| 3. Purging Systems

In cases where vapors are prone to crystallization or heavy buildup (such as in
sulfur pits or bitumen tanks), an active purging system may be necessary. By
introducing a small, steady flow of clean air or nitrogen into the sensor housing, a
positive pressure zone is created that prevents process vapors from reaching the
sensitive electronic or optical components of the level meter.
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| Limitations and Common Risks

Despite advances in signal processing, certain vapor conditions present significant
risks to measurement integrity:

Total Signal Absorption: In extremely dense vapor clouds (e.g., during rapid flash
steaming), the signal may be completely absorbed or scattered, leading to a "Loss
of Echo" error.

False Echoes from Internal Structures: Vapors can sometimes enhance the
reflectivity of internal tank structures like ladders or agitators if the gas density
changes the refractive index of the medium. Proper "false echo mapping" is
required during commissioning.

Incompatibility with Ultrasonic Technology: Ultrasonic sensors should never be
used in a vacuum or in tanks where the gas composition changes unpredictably, as
the speed of sound cannot be reliably calculated.

|Frequent|y Asked Questions (FAQs)

Q: How does humidity affect internal vapor analysis?

A: For radar, humidity has almost no effect. For ultrasonic sensors, high humidity
changes the density of the air and the speed of sound. Most high-quality ultrasonic
sensors include a temperature probe to compensate for this, but they cannot
always account for the specific moisture content without manual calibration.

Q: Can radar see through foam?

A: It depends on the foam's density and dielectric properties. Dry, light foam is
often transparent to radar, allowing it to measure the liquid level beneath. Wet,
dense foam may reflect the signal, causing the sensor to read the top of the foam
layer. Internal vapor analysis helps determine which frequency (e.g., 6GHz vs.
80GHz) is best suited for penetrating the foam.

Q: Is a stilling well always necessary for high-vapor applications?
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A: Not always. With modern 80GHz high-frequency radar, the beam angle is
narrow enough (often 3° to 6°) to avoid most interference. However, if the vapor is
causing extreme surface turbulence or if there is a risk of heavy foam, a stilling
well remains the most reliable engineering safeguard.

| Conclusion

Internal vapor analysis is a foundational step in ensuring the long-term reliability of
industrial level measurement. By characterizing the headspace
environment—including gas composition, pressure fluctuations, and condensation
potential—engineers can select the most robust technology for their specific
application. Whether utilizing the precision of a Welk radar level meter or the
cost-effectiveness of an ultrasonic sensor, accounting for the "invisible" variables
in the tank is what separates a successful installation from a problematic one. For
further technical specifications and to explore our range of industrial measurement
solutions, please visit our Main Page.
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