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In the realm of industrial evaporation and crystallization, the vacuum pan stands
as a critical piece of equipment, particularly within the sugar, food processing, and
chemical industries. A vacuum pan is a large-scale pressure vessel designed to
evaporate water from a solution—most commonly sugar syrup—under vacuum
conditions. By reducing the internal pressure, the boiling point of the liquid is
significantly lowered, which protects heat-sensitive materials from thermal
degradation and improves energy efficiency.

For process engineers and plant operators, maintaining precise control over the
liquid level within a vacuum pan is not merely a matter of efficiency; itis a
fundamental requirement for product quality and equipment safety. Accurate level
measurement ensures that the heating surfaces (the calandria) remain
submerged, prevents the carry-over of product into the vacuum system
(entrainment), and manages the growth of crystals in batch processes. This article
explores the technical principles of level measurement within these challenging
environments, providing a framework for selecting and installing the appropriate
instrumentation.

Measurement Principles for Vacuum Pan
Applications

Measuring the level in a vacuum pan is inherently difficult due to the presence of
high-vacuum conditions, high temperatures, intense agitation, and the physical
properties of the process medium—often a thick, viscous slurry known as
massecuite. Several measurement principles are commonly applied, each with
distinct mechanical and physical behaviors.

|Radar Level Measurement (FMCW)

Radar technology, specifically Frequency Modulated Continuous Wave (FMCW), has
become the industry standard for vacuum pan applications. The instrument emits a
high-frequency signal (often in the 80 GHz range) that reflects off the surface of
the liquid. Because radar waves do not require a medium for travel, they are
unaffected by the vacuum conditions inside the pan. The time-of-flight or
frequency shift is used to calculate the distance to the product surface.
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| Hydrostatic Pressure Measurement

Hydrostatic transmitters measure the pressure exerted by the liquid column. In a
vacuum pan, this is complicated by the fact that the vessel is not at atmospheric
pressure. Therefore, a differential pressure (DP) approach is required. One sensor
measures the pressure at the bottom of the vessel, while a second sensor (or a
reference line) measures the pressure in the vapor space (the vacuum). The
difference between these two values represents the weight of the liquid. This
method is highly dependent on the density of the product, which can change as the
concentration of solids increases during the evaporation cycle.

| Guided Wave Radar (GWR)

Guided Wave Radar uses a physical probe or cable to direct the microwave pulses
to the liquid surface. While this provides a very stable signal even in the presence
of foam or turbulence, the physical probe can be a drawback in vacuum pans. The
high viscosity of the massecuite can cause significant "drag" on the probe, and the
buildup of sugar crystals can lead to false readings or mechanical stress on the
vessel's roof.

|Ultrasonic Measurement (Limited Application)

Ultrasonic sensors use sound waves to measure distance. However, sound requires
a medium (air or gas) to propagate. In the deep vacuum conditions typically found
in a vacuum pan (often reaching -90 kPa to -95 kPa), the density of the vapor
space is too low for effective sound transmission. Consequently, ultrasonic
technology is generally not recommended for primary level control in these
specific vessels.

| Technology Selection Criteria

Choosing the right instrument for a vacuum pan requires an evaluation of the
specific process conditions. Engineers must consider the following factors to
ensure long-term reliability and accuracy.
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80 GH=z Hydrostatic (DP) Guided Wave
Non-contact Radar Radar (GWR)
Accuracy High (£2 mm) Moderate (Density High (£3 mm)
dependent)
Vacuum Performance Excellent Good (Requires Excellent

compensation)

Viscosity Handling Excellent (No Good Poor (Coating issues)
contact)
Maintenance Very Low Moderate High (Probe cleaning)
(Diaphragm
cleaning)
Installation Ease High (Top mount) Moderate Moderate (Top
(Side/Bottom mount) mount)
Effect of Agitation Minimal (Software High (Pressure Low
filtering) fluctuations)

When evaluating equipment for these applications, it is advisable to Review
product options and application support to ensure the selected hardware meets
the specific pressure and temperature ratings of the vessel.

| Installation Considerations and Best Practices

The physical installation of a level sensor on a vacuum pan significantly impacts its
performance. Because these vessels are often large and contain complex internal
structures like the calandria (the heating element) and agitators, placement is
critical.

| Nozzle Positioning

For radar sensors, the mounting nozzle should be positioned away from the vessel
walls to prevent signal interference. It must also be located away from the product
inlet to avoid measuring the incoming stream instead of the actual liquid level.
Ideally, the sensor should have a clear "line of sight" to the liquid surface that is
not obstructed by the agitator blades or internal baffles.
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| Dealing with the Calandria

In many vacuum pans, the heating is provided by a calandria—a series of tubes
through which steam passes. The level sensor must be positioned to monitor the
level above the calandria. If the level drops below the top tube sheet, the product
can burn onto the tubes, leading to poor heat transfer and difficult cleaning. The
sensor should be calibrated to show "zero" at a point safely above the heating
elements.

| Vacuum Sealing

Since the vessel operates under a vacuum, the process connection (flange or
thread) must be perfectly airtight. Any ingress of atmospheric air will not only
disrupt the vacuum process but can also cause localized cooling or foaming at the
entry point, which may interfere with the measurement signal. High-quality
gaskets and specialized flange faces are standard requirements.

| Purging and Cleaning

In sugar processing, the product is prone to "baking" onto surfaces. For
non-contact radar, a purging connection (using low-pressure steam or water) is
often integrated into the mounting flange. This allows the antenna to be cleaned
periodically without breaking the vacuum or stopping the process.

| Limitations and Operational Challenges

Despite the advancement in sensor technology, the environment inside a vacuum
pan presents several persistent challenges that engineers must manage.

1. Foaming: During the boiling process, especially if the vacuum is adjusted
rapidly, the liquid can produce significant foam. Non-contact radar signals can be
absorbed or scattered by thick foam, leading to a loss of signal. Selecting a radar
with a high dynamic range and advanced signhal processing is hecessary to "see
through" light foam.
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2. Vapor and Condensation: The vapor space in a vacuum pan is saturated with
water vapor. As this vapor contacts the relatively cooler sensor face, it can
condense into droplets. While 80 GHz radar is less affected by condensation than
older 26 GHz models, heavy condensation can still attenuate the signal. An
integrated steaming/cleaning port is the most effective mitigation strategy.

3. Variable Density: For hydrostatic level systems, the density of the massecuite
changes as the sugar crystals grow and the mother liquor concentrates. If the
control system does not account for this density change (Brix value), the level
reading will drift, potentially leading to an overfill or dry-run condition.

4. Agitation and Turbulence: Vacuum pans usually feature large agitators to ensure
uniform temperature and crystal distribution. This creates a turbulent, non-level
surface. Modern digital level meters use damping algorithms to average these
fluctuations, providing a stable output for the control system.

| Frequently Asked Questions

Q: Why is non-contact radar preferred over hydrostatic pressure in modern
vacuum pans?

A: While hydrostatic pressure is a proven technology, it is highly sensitive to
changes in product density. In a vacuum pan, the density of the liquid changes
constantly as evaporation progresses. Non-contact radar measures the physical
distance to the surface, making it independent of density changes, which results in
more consistent control during the crystallization phase.

Q: Can | use a standard level transmitter for a vacuum pan?

A: Generally, no. Transmitters used in vacuum pans must be specifically rated for
vacuum service. Standard sensors may leak at the seals or, in the case of certain
pressure transmitters, the internal fill fluid may boil or outgas under high vacuum,
destroying the sensor's accuracy or the diaphragm itself.

Q: How often should the level sensor be calibrated?
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A: For batch vacuum pans, a check should be performed during every major
maintenance shutdown. However, because the environment is so harsh, daily
monitoring of the sensor's diagnostic values (such as signal strength) is
recommended to identify buildup on the antenna before it causes a failure.

Q: How does the vacuum level affect the speed of the radar signal?

A: In practical industrial terms, it does not. The speed of light (and thus radar
waves) is constant in a vacuum. In fact, radar is slightly more accurate in a
vacuum than in high-pressure gases, as there are no gas molecules to slow the
signal or cause refraction.

| Conclusion and Technical Summary

Reliable level measurement in a vacuum pan is a prerequisite for optimizing the
evaporation process and ensuring product consistency. While hydrostatic and GWR
technologies have their place in specific configurations, the industry has largely
moved toward high-frequency non-contact radar due to its immunity to density
changes and its low maintenance requirements.

When designing a measurement system for these vessels, engineers must
prioritize the mechanical integrity of the vacuum seal and the strategic placement
of the sensor to avoid internal obstructions. By understanding the physics of the
measurement and the limitations of the technology, plant operators can
significantly reduce downtime and prevent the costly loss of product associated
with level control failures. For those seeking specific hardware specifications or
engineering drawings for level instrumentation, it is recommended to consult with
a specialized manufacturer to ensure the equipment is compatible with the unique
stresses of vacuum-based processing.
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