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Centrifugal compressors serve as the heart of many industrial processes, ranging from massive petrochemical 

refineries to specialized chemical synthesis plants. Their reliability and efficiency are paramount to the economic 

viability and safety of industrial operations. To ensure these machines perform according to their design 

specifications, the American Institute of Chemical Engineers (AIChE) has established rigorous Equipment Testing 

Procedures. This guide provides a deep dive into the AIChE Equipment Testing Procedure for Centrifugal 

Compressors, offering a technical framework for performance evaluation and site testing analysis.

Understanding the Importance of Standardized Performance Testing

Performance testing is not merely a box-checking exercise during commissioning. It is a critical diagnostic tool used 

throughout the lifecycle of a compressor. Standardized procedures, such as those provided by AIChE, ensure that 

data collected across different sites and by different teams are comparable and mathematically sound. The primary 

objectives of these procedures include verifying aerodynamic performance, establishing baseline data for 

predictive maintenance, and troubleshooting operational inefficiencies that could lead to significant energy waste

or mechanical failure.

The Role of AIChE in Process Engineering

AIChE’s Equipment Testing Procedures (ETP) series is designed to provide chemical engineers and plant 

managers with practical, field-proven methods. Unlike theoretical textbooks, these procedures focus on site testing

where conditions are rarely as controlled as a manufacturer's test bench. The AIChE procedure for centrifugal

compressors emphasizes the measurement of performance under actual operating gas compositions, pressures,

and temperatures.

Core Theoretical Framework: Thermodynamics of Compression

Before executing a test, one must understand the thermodynamic principles that govern centrifugal compression. 

Centrifugal compressors increase the pressure of a gas by converting kinetic energy (imparted by a rotating 

impeller) into potential energy (static pressure). The evaluation of this process typically follows one of two models: 

Isentropic or Polytropic compression.

Polytropic vs. Isentropic Analysis

While isentropic analysis assumes an adiabatic and reversible process, real-world compression involves internal 

friction and heat transfer. Therefore, the Polytropic modelis the industry standard for centrifugal compressors

because it accounts for the change in efficiency as the pressure ratio increases. The polytropic efficiency remains

relatively constant across different pressure ratios for a given compressor stage, making it a more reliable metric for

performance comparison.

Key Mathematical Models

The performance of a compressor is defined by several key parameters. The Polytropic Head (H_p)represents

the energy per unit mass transferred to the gas. It is calculated using the following general relation:



H_p = [Z_{avg} * R * T_1 * (n / (n-1))] * [(P_2 / P_1)^((n-1)/n) - 1]

Where:P1, P2: Inlet and discharge pressures.T1: Inlet temperature.Z_avg: Average compressibility factor.R: Gas 

constant.n: Polytropic exponent.

Instrumentation and Measurement Requirements

The accuracy of a performance test is entirely dependent on the quality of the instrumentation. The AIChE

procedure specifies the types of sensors required and their optimal placement to minimize errors caused by flow

turbulence or heat radiation.

Pressure and Temperature Measurement

Static and total pressure measurements must be taken at the inlet and discharge flanges. For high-accuracy 

requirements, stagnation probesmay be used. Temperature sensors (RTDs or Thermocouples) must be inserted

into thermowells that are properly lagged to prevent ambient heat loss. AIChE recommends multiple probes at each

measurement plane to account for non-uniform velocity profiles.

Mass Flow Rate Determination

Flow measurement is often the largest source of error in compressor testing. The use of calibrated orifice plates, 

venturi meters, or pitot tubesis standard. The AIChE procedure emphasizes that the flow meter must be located

in a straight run of pipe, typically 10 to 20 pipe diameters downstream of any elbows or valves, to ensure a fully

developed flow profile.



Measurement Parameter Recommended 
Instrument

Accuracy Requirement Notes

Suction Pressure Calibrated Transducer / 
Manometer

±0.25% of Span Locate 2 diameters from 
flange

Discharge Temperature RTD (Pt100) or Type K 
Thermocouple

±0.5°C Multiple probes 
recommended

Mass Flow Orifice Plate / Venturi ±1.0% to 2.0% Requires upstream straight 
run

Shaft Speed Tachometer / Proximity 
Probe

±0.1% Critical for affinity law 
scaling

Gas Composition Gas Chromatograph ±0.5% Mole Fraction Crucial for Z and Mw 
calculation

The Step-by-Step AIChE Testing Procedure

Following a structured approach is vital for maintaining the integrity of the test data. The AIChE guidelines break

the process into four distinct phases: Preparation, Planning, Execution, and Analysis.

Phase 1: Preparation and Pre-Test Inspection

Before arriving at the site, the test engineer must review the Manufacturer’s Performance Curves and the 

Original Equipment Manufacturer (OEM)data sheets. A physical inspection of the compressor is required to

ensure there are no internal leaks (e.g., across labyrinth seals) and that the recycle valve (anti-surge valve) is fully

closed and not leaking. Any internal recirculation will invalidate the test results.

Phase 2: Developing the Test Plan

A formal test plan should outline the specific operating points to be measured. Usually, this involves testing the 

compressor at its design speedacross a range of flow rates—from near the surge point to the choke (stonewall)

limit. This allows for the construction of a complete performance curve.

Phase 3: Execution and Data Collection

During the test, the compressor must reach thermal equilibriumbefore any data points are recorded. Steady-state

conditions are typically defined as a state where the discharge temperature fluctuates by less than 0.5% over a 10-

minute period. Data should be recorded simultaneously across all instruments to ensure a snapshot of the system's

performance.

Phase 4: Data Reduction and Analysis

Raw data must be converted to Standard Conditions (or 'Site Rated' conditions) to be compared against the 

design curves. This process, known as data reduction, involves adjusting for differences in gas molecular weight, 

inlet temperature, and compressibility. The AIChE procedure utilizes the Schultz Methodfor calculating polytropic

head, which includes a correction factor (the Schultz compressibility exponent) for real gases at high pressures.

Comparative Analysis: Site Testing vs. Shop Testing

It is important to distinguish between the Type 1 tests conducted at a manufacturer's facility (often using air or a



substitute gas) and the Type 2 site tests described in the AIChE procedure (using the actual process gas).



Feature Shop Testing (OEM) Site Testing (AIChE)

Fluid Medium Air or Inert Gas (e.g., Nitrogen) Actual Process Gas (Hydrocarbons, 
etc.)

Environmental Control Highly Controlled Subject to Ambient Conditions

Purpose Mechanical Integrity & Contractual 
Proof

Operational Efficiency & 
Troubleshooting

Cost High (Dedicated Facility) Lower (Utilizes Existing Infrastructure)

Complexity Standardized Rig Complex due to Piping Layouts

Practical Implementation: A Field Guide for Engineers

Successfully executing an AIChE testing procedure requires attention to detail in the field. One of the most 

common pitfalls is neglecting Gas Analysis. Since centrifugal compressors are dynamic machines, the work they

perform is highly dependent on the molecular weight of the gas. A 5% change in molecular weight can result in a

significant shift in the surge line and the head produced.

Safety Considerations

Testing often involves pushing the compressor toward its operational limits (e.g., the surge point). It is mandatory to 

have a dedicated Surge Protection Systemactive during the test. Personnel must be positioned away from high-

pressure piping, and all emergency shutdown (ESD) systems must be verified as functional prior to testing.

Managing Data Uncertainty

No measurement is perfect. The AIChE procedure encourages engineers to perform an Uncertainty Analysis.

This involves calculating the square root of the sum of the squares of the individual instrument errors. If the

cumulative uncertainty is greater than 3%, the test results should be treated as qualitative rather than quantitative.

Troubleshooting Common Performance Deviations

When the site test results do not align with the design curves, engineers must use the data to diagnose the root

cause. This is where the AIChE procedure provides the most value.

Aerodynamic Degradation

If the Polytropic Efficiency is lower than design across the entire curve, the likely causes include:Impeller 

Fouling: Buildup of polymers or debris on the blades.Erosion: Changes in blade geometry due to particulate 

matter.Increased Clearances: Wear in the labyrinth seals allowing internal recirculation.

Mechanical Limitations

If the head is low but the efficiency remains near design, the issue may be mechanical. Speed slippageor

incorrect gear ratios in the variable speed drive (VSD) or gearbox could be the culprit. Alternatively, a restricted

suction strainer may be causing an excessive pressure drop before the gas even reaches the first stage impeller.

Advanced Concepts: Digital Twins and Real-Time Monitoring

The modern evolution of the AIChE Equipment Testing Procedure involves the integration of Digital Twins . By



feeding real-time sensor data into a thermodynamic model based on AIChE equations, plant operators can monitor

efficiency continuously rather than waiting for an annual test. This allows for 'Condition-Based Maintenance,' where

cleaning or overhauls are scheduled only when a measured degradation threshold is crossed.

The Impact of Gas Composition Variations

In many upstream oil and gas applications, the gas composition changes over time as the well matures. The AIChE

procedure provides the mathematical framework to adjust the 'speed' of the compressor (via affinity laws) to

maintain the required discharge pressure despite these changes in gas density.

The Value of Standardized Testing in Industry

The AIChE Equipment Testing Procedure for Centrifugal Compressors is more than just a set of instructions; it is a

foundational document for operational excellence. By adhering to these rigorous standards, chemical engineers

can ensure that their facilities operate at peak efficiency, minimize their carbon footprint through reduced energy

consumption, and avoid the catastrophic costs of unplanned downtime.

As industrial systems become more complex and the drive for decarbonization intensifies, the role of precise,

scientifically-backed equipment testing will only grow in importance. Engineers who master these procedures are

well-equipped to lead their organizations toward a more reliable and sustainable future. The AIChE guidelines

remain the gold standard for achieving that goal, providing the clarity and technical depth required to manage the

world's most critical rotating equipment.
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