Cip for F and B

A practical guide to cip for f and b, covering the reader intent, the relationship to
cip for f and b, 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 food and beverage (F&B) industry, hygiene is not merely a regulatory
requirement but a foundational pillar of operational integrity. Clean-in-Place (CIP)
systems represent the standard for maintaining sanitary conditions in tanks, pipes,
and process vessels without the need for disassembly. For engineers and plant
managers, the effectiveness of cip for f and b depends heavily on the precision of
the instrumentation governing the process. Level measurement instruments play a
critical role in managing the inventory of cleaning agents, ensuring the correct
dosing of chemicals, and verifying that vessels are completely drained between
cycles.

This article examines the technical requirements for level sensors in CIP
environments, the measurement principles suitable for these demanding
conditions, and the practical considerations for selecting and installing equipment
to ensure food safety and process efficiency.

| The Fundamentals of CIP in Food and Beverage

CIP is an automated method of cleaning the interior surfaces of process
equipment. In the F&B sector, this typically involves a multi-stage cycle: a water
pre-rinse to remove bulk debris, a caustic wash (usually sodium hydroxide) to
dissolve fats and proteins, an intermediate rinse, an acid wash (such as nitric or
phosphoric acid) to remove mineral scale or "milkstone," and a final rinse with
high-quality water. In some cases, a sanitizing stage is added using peracetic acid
or chlorine-based agents.

Effective CIP relies on the "Sinner’s Circle," which consists of four variables:

1. Temperature: Most cleaning cycles operate between 60°C and 90°C (140°F to
194°F).

2. Chemical Concentration (Titration): The strength of the caustic and acid
solutions.

3. Time: The duration each solution is circulated.
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4. Mechanical Action (Turbulence): The force of the fluid hitting the surfaces, often
delivered via spray balls.

Level sensors are vital for monitoring the "Day Tanks" that store these chemicals
and the "Recovery Tanks" that hold rinse water for reuse. Furthermore, the
process vessels themselves require level monitoring to prevent overfilling during
cleaning and to ensure the vessel is empty before the next production batch
begins.

| Level Measurement Principles for CIP Applications

Selecting a level transmitter for CIP applications requires an understanding of how
different measurement technologies interact with steam, foam, and corrosive
chemicals.

| Radar Level Measurement (Non-Contact)

Radar level meters, particularly those operating at high frequencies such as
80GHz, are increasingly the preferred choice for F&B applications. These sensors
emit a microwave signal that reflects off the liquid surface. The time-of-flight or
frequency shift is used to calculate the distance.

Advantages: Non-contact measurement means the sensor is not submerged in the
medium, reducing contamination risks. 80GHz radar features a narrow beam
angle, which allows it to avoid internal obstructions like spray balls or agitators. It
is largely unaffected by changes in pressure or temperature.

CIP Relevance: Modern radar sensors with PTFE (Teflon) or PEEK faces can
withstand the aggressive chemicals and high-temperature steam typical of CIP
cycles. They can also "see through" light foam, providing a stable reading of the
actual liquid level.

| Ultrasonic Level Sensors

Ultrasonic sensors use sound waves to measure level. While cost-effective, they
face significant challenges in CIP environments.
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Measurement Principle: The sensor emits a sound pulse that bounces off the
surface. The speed of sound, however, is highly dependent on air temperature and
vapor composition.

CIP Relevance: During a hot caustic wash, the air space in a tank becomes
saturated with steam and experiences rapid temperature fluctuations. This can
cause significant errors in ultrasonic readings or even a total loss of signal.
Consequently, ultrasonic sensors are better suited for ambient-temperature
storage of raw ingredients rather than active CIP vessels.

| Hydrostatic Pressure Transmitters

Hydrostatic sensors measure the pressure exerted by the liquid column at the
bottom of a tank. Since pressure is proportional to height (P = pgh), the level can
be calculated if the density (p) is known.

Hygienic Design: For F&B, these must be "flush diaphragm" sensors. This
eliminates "dead legs" or cavities where bacteria could grow. The diaphragm is
typically made of 316L stainless steel.

CIP Relevance: Hydrostatic sensors are robust and reliable. However, they must be
temperature-compensated. When a cold tank is suddenly filled with 80°C (176°F)
caustic, the sensor experiences thermal shock. High-quality hydrostatic
transmitters use specialized oil filling and electronics to maintain accuracy during
these transitions.

| Capacitance and Point Level Switches

While continuous level measurement is essential for inventory, point level switches
provide critical high-level (overfill) and low-level (pump protection) alarms.

Principle: These sensors detect a change in the electrical capacitance or vibration
frequency (tuning forks) when the medium touches the probe.
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CIP Relevance: These must be designed with hygienic fittings. Tuning forks are
popular but can sometimes trap fibrous material in certain food applications.
Capacitance probes with inverse frequency shift technology are often used
because they can ignore the heavy coating or buildup of sticky food products or
cleaning agents.

| Selection Criteria for CIP-Ready Instrumentation

When evaluating equipment for cip for f and b, engineers must look beyond basic
measurement accuracy. The following criteria are essential for maintaining food
safety standards:

| 1. Material Compatibility and Surface Finish

All wetted parts—the components of the sensor that touch the product or cleaning
chemicals—must be made of non-corrosive, non-toxic materials. 316L stainless
steel is the industry standard. For non-metallic components, FDA-compliant PTFE,
PEEK, or EPDM are used. The surface roughness (Ra) should typically be less than
0.8 um (32 micro-inches) to prevent microbial attachment.

| 2. Hygienic Process Connections

Standard NPT or BSP threads are prohibited in the food zone because the threads
create microscopic gaps that cleaning fluids cannot reach. Instead, sensors must
use hygienic connections such as:

Tri-Clamp (I1SO 2852): A flange-and-clamp system with a gasket.

Varivent: A specialized housing system common in European dairy and brewery
applications.

DIN 11851: Hygienic milk pipe unions.
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| 3. Resistance to Environmental Stress

CIP cycles are violent environments. Sensors must be rated to at least IP67, though
IP69K is preferred. An IP69K rating ensures the sensor housing can withstand
high-pressure, high-temperature washdowns from the outside. Furthermore, the
electronics must be able to handle the rapid expansion and contraction caused by
thermal cycling.

| Practical Selection Table

Technology Suitability for CIP Best Use Case

80GHz Radar Excellent Process vessels with Higher initial cost
agitators and steam. compared to
ultrasonic.
Hydrostatic Good Large storage tanks Requires flush
with stable density. diaphragm; sensitive
to density changes.
Ultrasonic Limited Ambient water Fails in steam, foam,
storage or or high-vacuum
wastewater. conditions.
Magnetic Gauge Fair External bypass for Difficult to clean
clear liquids. internally; not ideal
for high-viscosity
food.
Vibrating Fork Excellent Overfill protection Can be affected by

and pump run-dry.

very thick foam or
solids buildup.

| Installation Considerations and Best Practices

Proper installation is as important as sensor selection. Even the most advanced
radar meter will fail if it is poorly positioned.
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1. Avoiding Dead Legs: A dead leg is an area in a pipe or vessel where fluid can
stagnate. When installing a level sensor, the distance from the main flow or tank
wall to the sensor face should be minimized. The "2D" rule (the length of the pipe
stub should not exceed twice its diameter) is a common engineering guideline for
CIP-ability.

2. Spray Ball Interference: In non-contact radar installations, the sensor should not
be mounted directly under a CIP spray ball. The physical impact of the water can
damage the sensor face over time, and the falling liquid can create "noise" in the
radar signal. Use the narrow beam of 80GHz radar to aim between the spray ball
and the tank wall.

3. Drainability: The sensor mounting must be designed so that cleaning fluid drains
away completely. For hydrostatic sensors mounted on the side of a tank, the
diaphragm should be flush with the internal wall to ensure no liquid is trapped
when the tank is emptied.

4. Cable Management: Use hygienic cable glands and avoid loops where water can
pool. Stainless steel conduits are often used in F&B plants to protect wiring from
caustic splashes.

| Limitations and Challenges

Despite advances in technology, certain conditions in cip for f and b remain
challenging:

Heavy Foam: Caustic detergents often create thick layers of foam. While radar can
penetrate light foam, extremely dense, "wet" foam can absorb the signal. In these
cases, a guided wave radar (GWR) or a hydrostatic sensor may be more reliable,
though GWR probes require more intensive cleaning as they are in constant
contact with the product.

Vacuum Conditions: Some CIP cycles include a vacuum stage to assist in drying.
Ultrasonic sensors cannot function in a vacuum (as sound requires a medium), but
radar and hydrostatic sensors remain unaffected.

Chemical Aggression: Over time, high concentrations of nitric acid can degrade
certain gasket materials. It is essential to verify that the O-rings and seals in the
level sensor are compatible with the specific CIP chemistry used in the facility.
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| Frequently Asked Questions (FAQs)

Q: Can | use a standard industrial level sensor for food applications?

A: Generally, no. Standard sensors often have threaded connections or internal
cavities that harbor bacteria. They may also use non-food-grade oils in their
pressure cells. Always specify hygienic or sanitary versions for F&B.

Q: How often should CIP level sensors be calibrated?

A: This depends on the criticality of the process. For chemical dosing tanks, annual
calibration is typical. For process vessels, many modern digital sensors (like radar)
have no moving parts and very low drift, requiring only periodic verification rather
than full recalibration.

Q: Does steam affect radar level measurement?

A: High-frequency radar (80GHz) is virtually unaffected by steam. Lower frequency
radars (6GHz to 26GHz) can sometimes experience signal attenuation in extremely
dense steam, but 80GHz technology has largely solved this issue for the F&B
industry.

| Conclusion

Optimizing cip for f and b is a balancing act between ensuring total sanitation and
minimizing the consumption of water, chemicals, and energy. Accurate level
measurement is the key to achieving this balance. By selecting sensors that meet
hygienic design standards and choosing the right measurement principle for the
specific tank conditions, food and beverage manufacturers can reduce downtime
and protect consumer safety.

For more detailed technical specifications on hygienic level sensors and to explore
a wide range of industrial measurement solutions, visit the Main Page to review
product options and application support. Whether you are managing a brewery, a
dairy, or a soft drink bottling plant, selecting the right instrumentation is the first
step toward a more efficient and compliant CIP process.



