Compressed Air System
Analysis

A practical guide to compressed air system analysis, covering the reader intent,
the relationship to compressed air system analysis, key evaluation criteria,
common risks, and the information the intended project audience should confirm
before taking the next step.
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Compressed air is often referred to as the "fourth utility" in industrial
environments, following electricity, water, and gas. Despite its ubiquity, it is
frequently one of the most expensive and least efficient energy carriers in a
facility. A comprehensive compressed air system analysis is a systematic
engineering evaluation designed to identify inefficiencies, reduce energy
consumption, and improve the reliability of the entire air production and
distribution network. For engineers and facility managers, understanding the
interplay between pressure, flow, and the management of byproducts like
condensate is essential for maintaining a stable process.

Understanding the Role of Instrumentation in Air
Systems

Before conducting a compressed air system analysis, it is necessary to understand
the physics of the system. When air is compressed, its temperature rises, and its
ability to hold water vapor decreases as it cools downstream. This leads to the
formation of condensate, which must be managed to prevent pipe corrosion, tool
damage, and product contamination.

Instrumentation serves as the "eyes" of the analysis. While flow meters and
pressure transducers are standard, level measurement instruments play a critical
role in the auxiliary components of the system, such as receiver tanks, moisture
separators, and condensate collection points. Without accurate level monitoring,
the system risks liquid carryover, which can lead to catastrophic failure of
downstream pneumatic components.

| Measurement Principles for Level Monitoring

In the context of compressed air system analysis, level measurement is primarily
used for condensate management. Two main principles are commonly applied:
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| Hydrostatic Pressure Measurement

This principle relies on the relationship between the height of a liquid and the
pressure it exerts at the bottom of a vessel. In a pressurized compressed air tank,
a differential pressure transmitter is often required to compensate for the
overhead air pressure. This allows for an accurate reading of the condensate level
regardless of the system's operating pressure (e.g., 7 bar or 10 bar).

| Ultrasonic and Radar Technology

Non-contact measurement technologies, such as ultrasonic and radar level meters,
use Time-of-Flight (ToF) principles. The sensor emits a pulse that reflects off the
liquid surface. By measuring the time it takes for the signal to return, the device
calculates the distance to the liquid. Radar is particularly effective in compressed
air systems because it is unaffected by the high-pressure environment or the
presence of light mists and vapors that can sometimes interfere with ultrasonic
signals.

| Point Level Detection

Level switches (such as magnetic float or capacitive switches) are used for
high-level alarms or to trigger automatic drain valves. These provide a binary
signal (on/off) to ensure that condensate does not exceed a safe threshold within a
separator or filter housing.

Key Components of a Compressed Air System
Analysis

A thorough compressed air system analysis evaluates both the supply side (the
compressor room) and the demand side (the distribution piping and end-use
applications).
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| 1. Baseline Energy Consumption

Analysis begins by measuring the power consumption (kW) of the compressors
relative to the air output (m3/min). This establishes the specific power of the
system. High specific power often indicates that compressors are short-cycling or
that the control strategy is inefficient.

|2. Leak Detection and Quantification

In many industrial plants, leaks account for 20% to 30% of total compressed air
consumption. An analysis uses ultrasonic leak detectors to identify high-frequency
sounds generated by air escaping through small orifices. Quantifying these leaks
helps prioritize repairs based on the cost of the lost air.

| 3. Pressure Profile Analysis

Pressure drops across filters, dryers, and long piping runs are measured. A
significant pressure drop (exceeding 0.1 to 0.2 bar across a single component)
indicates a restriction that forces the compressor to run at a higher setpoint than
necessary, wasting energy.

|4. Condensate and Air Quality Assessment

This involves checking the efficacy of dryers and separators. Level sensors in
condensate traps are inspected to ensure they are functioning correctly. If a level
switch fails, the trap may remain open (wasting air) or remain closed (allowing
water into the lines).

| Selection Criteria for Level Monitoring in Air Utilities

Choosing the right instrument for monitoring auxiliary tanks in a compressed air
system depends on the specific application and environmental conditions. The
following table provides a comparison of common technologies used in these
systems.
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Technology Best Use Case Advantages

Radar Level Meter

Ultrasonic Sensor

Hydrostatic
Transmitter

Magnetic Level
Gauge

Level Switch

Main receiver tanks
and large separators

Atmospheric
condensate
collection sumps

Pressurized
condensate pots

Visual bypass
monitoring

Automatic drain
triggering

Highly accurate,
non-contact,
unaffected by
pressure changes.

Cost-effective, no
moving parts.

Reliable, direct
measurement of
liquid head.

No power required
for visual check,
clear indication.

Simple, robust, low

cost.

Higher initial cost
compared to
switches.

Sensitive to heavy
foam or
high-pressure
fluctuations.

Requires pressure
compensation in
closed systems.

Mechanical parts can
stick if condensate is
oily.

Provides point level
only, no continuous
data.

For engineers looking to integrate these technologies into their system design, you
can Review product options and application support to find the specific hardware

that matches your pressure and temperature requirements.

Installation Guidelines for Compressed Air
Instrumentation

Proper installation is vital for the accuracy of any compressed air system analysis.
When installing level and pressure sensors, consider the following:

Stilling Wells: For tanks with high turbulence or rapid filling (like condensate
separators), a stilling well should be used with ultrasonic or radar sensors to
provide a stable liquid surface for measurement.

Pressure Compensation: When using hydrostatic sensors in a pressurized tank,
always use a differential pressure setup. The "low" side of the transmitter must be
connected to the top of the tank to cancel out the effect of the compressed air

pressure.
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Orientation: Level switches must be installed at the precise height required for
alarm triggering. For magnetic float switches, ensure there is enough clearance for
the float to move freely without hitting internal baffles.

Drainage: Sensors should be positioned so that they do not become submerged in
oil-water emulsions for extended periods if the sensor material is not compatible
with lubricants.

| Common Risks and Mitigation Strategies

Conducting a compressed air system analysis involves working with high-pressure
equipment, which carries inherent risks.

1. Pressure Surges: Rapidly opening valves can cause pressure spikes that damage
sensitive sensor diaphragms. Mitigation: Use pressure snubbers and open valves
slowly during commissioning.

2. Contamination: Compressed air often contains compressor oil and particulates.
This can coat the sensing elements of level probes. Mitigation: Select non-contact
radar sensors or ensure that contact probes are made of 316L stainless steel or
PTFE-coated materials for easy cleaning.

3. Inaccurate Baselines: Taking measurements during a non-typical production
shift can lead to skewed data. Mitigation: Conduct the analysis over a full
production cycle (typically 7 days) to capture peaks, valleys, and weekend leak
rates.

| Limitations of Compressed Air System Analysis

While highly beneficial, an analysis has limitations. It provides a snapshot of the
system at a specific point in time. Changes in production volume, the addition of
new machinery, or seasonal changes in ambient humidity can alter the system's
performance. Therefore, analysis should be treated as a recurring process rather
than a one-time event. Furthermore, while level sensors can detect the presence
of condensate, they cannot analyze the chemical composition of the air-oil
mixture; separate laboratory testing is required for air purity certification (1SO
8573-1).
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| Frequently Asked Questions (FAQ)

Q: How often should a compressed air system analysis be performed?

A: It is recommended to perform a comprehensive audit every 2 to 3 years, or
whenever significant changes are made to the production floor.

Q: Why is level measurement important in a compressed air dryer?

A: In refrigerated dryers, the separator removes moisture. If the level of this
moisture is not monitored and drained, it will re-enter the air stream, defeating the
purpose of the dryer.

Q: Can | use a standard water level sensor for condensate?

A: Only if the sensor is rated for the system pressure and is compatible with the
trace amounts of compressor oil found in the condensate. Welk provides
specialized sensors designed for these industrial conditions.

Q: What is the most common cause of energy waste identified in an analysis?

A: Artificial demand, caused by operating the system at a higher pressure than
necessary to compensate for leaks or piping restrictions, is typically the largest
source of waste.

By following a structured approach to compressed air system analysis and utilizing
precise instrumentation, industrial facilities can achieve significant energy savings
and extend the lifespan of their pneumatic equipment. For more detailed technical
specifications on the instruments mentioned, please visit the Main Page of our
product catalog.



