GENERAL

aiche equipment testing procedure centrifugal
compressors a guide to performance evaluation and site
testing

Published: September 19, 2026 | Index ID: #-

Introduction

In the world of industrial gas handling and process engineering, centrifugal compressors are the workhorses that
keep everything from power plants to chemical plants running smoothly. Their ability to pressurize gases efficiently
makes them indispensable, yet their performance can vary widely depending on design, operating conditions, and
maintenance practices. For engineers, operators, and maintenance teams, understanding how to evaluate and test
these machines on site is critical to ensuring reliability, safety, and cost effective operation.

This guide focuses on the aiche equipment testing procedure centrifugal compressors—a structured approach
that blends industry best practices with the rigorous standards set by the American Institute of Chemical Engineers
(AIChE). Whether you are a seasoned engineer performing routine checks or a newcomer learning the ropes, this
comprehensive overview will walk you through every step of performance evaluation and site testing.

Why Performance Evaluation Matters for Centrifugal Compressors

Centrifugal compressors are subject to a range of stresses: mechanical loads, thermal cycles, pressure
fluctuations, and varying gas compositions. Over time, these factors can lead to:

* Reduced efficiency and increased energy consumption
e Imbalance and vibration issues that shorten shatft life

e Seal leaks and bearing wear that compromise safety

¢ Unexpected downtime and costly repairs

Regular performance evaluation mitigates these risks by identifying early signs of degradation, validating design
specifications, and ensuring that the compressor operates within its optimal envelope. By aligning testing
procedures with AIChE guidelines, you gain a systematic framework that enhances predictive maintenance and
supports continuous improvement.

Key Concepts in Centrifugal Compressor Performance

Before diving into the testing procedure, it's essential to grasp the core performance metrics that define a
compressor’s health:

Efficiency (;re
Measured as the ratio of useful power output to the power input. High efficiency indicates minimal energy loss.
Specific Work (W)

The energy required to compress a unit volume of gas. It reflects the compressor’'s capability to handle load
changes.

Vibration Signature



Vibration levels, measured in mm/s or g, reveal mechanical imbalances, bearing wear, and gear mesh issues.

Temperature Rise (9EB-

The temperature difference between inlet and outlet gases. Excessive 9E@ can indicate over compression or
inadequate cooling.

Pressure Ratio (PR)

The ratio of outlet pressure to inlet pressure. It's a primary indicator of the compressor’s ability to meet process
demands.

Preparing for Site Testing: Planning and Documentation

Effective testing starts long before you touch the first sensor. A well documented plan ensures consistency, safety,
and compliance.

1. Define Objectives: Determine whether the test is for routine commissioning, troubleshooting, or a
performance audit.

2. Gather Technical Data: Collect the compressor’s design specifications, operating manual, and maintenance
history.

3. Select Test Equipment: Choose calibrated pressure transducers, temperature probes, flow meters, vibration
analyzers, and data acquisition systems that meet AIChE standards.

4. Develop Test Procedures: Outline step by step actions, safety checks, and data logging protocols.

5. Secure Approvals: Obtain sign off from plant management, safety officers, and quality assurance teams.

6. Schedule Downtime: Coordinate with production planners to minimize disruption.

Step by Step AIChE Equipment Testing Procedure

The following procedure aligns with AIChE’s recommended best practices for centrifugal compressor evaluation. It
is adaptable to both new installations and existing units.

Step 1. Safety and Isolation Checks
Before any instrumentation is connected, ensure:
» Power isolation and lockout/tagout (LOTO) procedures are in place.
¢ All safety guards and interlocks are functional.
¢ Personnel are trained on emergency shutdown protocols.
Step 2: Baseline Condition Assessment
Record the compressor’s operating state under normal load:
¢ Inlet and outlet pressures.
« Inlet and outlet temperatures.
e Gas composition (if variable).
e Operating speed (RPM).
 Vibration levels at key points (shaft, bearings, gearbox).

These baseline values will serve as a reference for subsequent measurements.

Step 3: Instrumentation Setup

Proper sensor placement is critical:



e Pressure transducers: Install on inlet and outlet manifolds, ensuring they are flush with the gas stream.
* Temperature probes: Position at the inlet, outlet, and across the cooling jacket.
¢ Flow meter: Place in a straight section of piping to avoid turbulence.
 Vibration analyzer: Mount on the shaft support or housing with a rigid base.
» Data logger: Configure sampling rates (e.g., 10 Hz for vibration, 1 Hz for pressure/temperature).
Step 4. Incremental Load Testing
To evaluate performance across the operating envelope, perform tests at multiple pressure ratios:
1. Start at 50% of the rated pressure ratio.
2. Increase in 10% increments up to 100%.

3. At each step, allow the system to stabilize for at least 5 minutes.
4. Record all parameters and calculate efficiency and specific work.

Plot efficiency vs. pressure ratio to identify the peak efficiency point.

Step 5: Vibration Analysis

Analyze vibration data for:
¢ Fundamental frequency (shaft speed).
e Harmonic content (2x, 3x, etc.).

¢ Resonance peaks (bearing, gear mesh).
* Amplitude trends indicating imbalance or misalignment.

Use spectral analysis tools to isolate problematic frequencies and recommend corrective actions.

Step 6: Temperature Rise Evaluation
Calculate the temperature rise (9B’ BV 6, £6 B 7TFW

9EB OT outlet —T_inlet
Compare 9EB Fo FtR O aufacturer’s specifications. Excessive 9EB Oy indicate:

¢ Inadequate cooling water flow.
¢ Clogged heat exchangers.
e High gas viscosity.
Step 7: Data Validation and Error Checking
Verify data integrity by cross checking:
* Pressure and temperature sensor calibration logs.
¢ Consistency between flow meter readings and compressor speed.
* Repetition of key measurements to confirm repeatability.
Step 8: Performance Report Generation
Compile findings into a structured report:
¢ Executive summary highlighting key performance indicators.
e Graphs of efficiency, pressure ratio, temperature rise, and vibration spectra.

¢ Deviation analysis against design specifications.
« Recommendations for maintenance, adjustments, or design changes.

Share the report with engineering, maintenance, and plant management teams for informed decision making.



Common Issues Identified During Site Testing

Through consistent testing, several recurring problems become apparent. Recognizing these early can save time
and money.

Imbalance and Misalignment

Caused by uneven rotor mass distribution or shaft misalignment, leading to high vibration levels and bearing wear.

Seal Leakage

Often manifests as a drop in pressure ratio and increased temperature rise. Regular seal inspection and
replacement schedules mitigate this risk.

Cooling System Inefficiencies

Low water flow or fouled heat exchangers reduce heat removal, raising outlet temperatures and decreasing
efficiency.

Variable Gas Composition

Changes in gas density or viscosity affect performance curves. Incorporate real time composition monitoring to
adjust operating parameters.

Integrating AIChE Standards into Routine Maintenance

Adhering to AIChE guidelines ensures that testing procedures are repeatable, safe, and compliant. Key AIChE
resources include:

¢ AIChE Handbook of Process Equipment
e AIChE Standard for Compressor Performance Testing (SCP 01)
¢ AIChE Best Practices for Vibration Monitoring

By embedding these standards into your maintenance playbook, you create a culture of continuous improvement
and risk mitigation.

Leveraging Digital Tools for Enhanced Testing

Modern centrifugal compressor testing benefits from advanced digital solutions:

SCADA Integration

Real time data acquisition from SCADA systems enables trend analysis and predictive alerts.

loT Sensors

Wireless vibration and temperature sensors reduce installation time and improve coverage.

Machine Learning Algorithms

Predictive analytics can forecast failure modes based on historical data, enabling proactive maintenance.

Cloud Based Dashboards

Centralized data visualization allows stakeholders to monitor compressor health from anywhere.

Case Study: Performance Optimization at a Natural Gas Processing Plant

At a mid size natural gas processing facility, a centrifugal compressor exhibited a 4% drop in efficiency over six



months. Using the AIChE testing procedure, engineers discovered:

¢ Subtle shaft misalignment due to a loose mounting bolt.
¢ Seal wear causing a slight pressure drop.
* Reduced cooling water flow from a partially clogged heat exchanger.

Corrective actions included re alignment, seal replacement, and heat exchanger cleaning. Subsequent testing
showed a 6% efficiency gain, translating to a 2% reduction in energy costs annually.

Best Practices for Long Term Compressor Health

Schedule Regular Testing: Perform full performance evaluations at least twice a year.

Maintain Calibration: Verify sensor accuracy quarterly.

¢ Use a Predictive Maintenance Program: Combine vibration monitoring with condition based alerts.
e Document All Findings: Keep a digital log of test results for trend analysis.

e Train Personnel: Ensure operators understand the importance of data integrity.

Review AIChE Updates: Stay current with evolving standards and best practices.

Conclusion

Evaluating centrifugal compressors through a rigorous AIChE aligned testing procedure is more than a compliance
exercise—it is a strategic investment in reliability, safety, and operational efficiency. By systematically measuring
key performance metrics, addressing common issues, and integrating digital tools, engineers can transform routine
maintenance into a proactive, data driven process. The result is a compressor fleet that delivers consistent
performance, reduces downtime, and maximizes return on investment.
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