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RATIONALE 

The intent of this document is to provide a basic understanding of the effects of inlet total-pressure distortion on the 
performance of gas turbine engines, particularly in military applications. 

In Revision D, only changes to Section 3 have been made to make the document consistent with ARP1420C and ARP6420. 
These changes include removing definitions inconsistent with the intent of the previously mentioned SAE Aerospace 
Recommended Practices (ARPs) and to add clarity to the remaining definitions. 

In Revision C, an introduction was incorporated to include material inadvertently omitted from Revision B. The introduction 
describes usages of distortion assessments during typical phases of aircraft propulsion system development and operation. 

Revisions to AIR1419B were made to reflect new knowledge in the following areas: 

• Computational fluid dynamics (CFD) has become widely used for design and analysis,

• Highly offset inlets have imposed additional challenges,

• Full authority digital electronic control (FADEC) systems have become commonplace,

• New methods of distortion synthesis have been developed,

• New instrumentation techniques have been developed,

• New techniques for data acquisition, storage, and processing have been developed,

• Testing methodology/procedures have changed, and

• Some previously state-of-the-art techniques have become obsolete.

The philosophy that was adopted to implement the changes was: 

• Only material was added that did not exist in original document, and

• Dated references to “state-of-the-art,” “current technology,” etc. were revised.
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PREFACE 

Industry and government agencies concerned with aircraft design and operation recognize a need to improve methodology 
and communication on spatial total-pressure distortion aspects of the inlet/engine compatibility problem. The appearance 
of modern turbofan engines in the late 1960s focused attention on this need, and there followed a period of intense activity 
to develop engineering techniques for assuring adequate stability. These techniques were identified, formulated, and 
exercised independently in various parts of industry to solve flow distortion problems on specific systems. The aircraft and 
engine companies form a matrix of cooperative engineering activity in the international military and civil aircraft market, and 
a third dimension is added by the group of customers. The three groups needed to consolidate individual experience, 
establish common ground, and gain a perspective concerning the applicability and accuracy of these techniques. Adequate 
resolution of the aircraft/engine stability problem would depend upon generating generally usable guidelines addressing 
analysis, test, data processing, and information transfer which would be applied in a manner consistent with the expected 
severity of the problem. 

The SAE International Aerospace Council Divisional Technical Committee S-16 (Turbine Engine Inlet Flow Distortion 
Committee) was formed in 1972 to examine the aircraft gas turbine engine/inlet compatibility development process, as 
affected by flow distortion, to assess what experience was common throughout industry, or what could be agreed as 
desirable to make common. The Committee formulated a number of guidelines to improve communications and minimize 
repetitive workloads among program participants. It recognized that practices employed to cope with flow distortion effects 
were young and changing and that in several critical areas, practice was not sufficiently common or defined to warrant 
establishing guidelines. For these reasons, the guidelines were purposely limited, and were organized and published in 
March 1978 as Aerospace Recommended Practice ARP1420, Gas Turbine Engine Inlet Flow Distortion Guidelines. 
ARP1420 was circulated widely in the U.S. and European aeronautical industries. Significant comments and opinions were 
expressed, and were carefully considered by the Committee prior to submitting the ARP to the SAE Aerospace Council for 
publication. 

The S-16, in its proceedings, produced a wealth of information which, in its entirety, contained a significant part of the flow-
distortion-related corporate knowledge of the industry as it existed in the mid-1970s time period. The Committee decided 
that this information, organized into a generally available document, would provide a source of knowledge for engineers 
new to the problems of inlet-engine compatibility. The Committee, therefore, compiled Aerospace Information Report 
AIR1419, Inlet-Total-Pressure Distortion Considerations for Gas-Turbine Engines, to amplify the information contained in 
ARP1420 and to provide a corporate memory. 

SAE Technical Committee S-16, through its members and liaison representatives, represents a cross section of the part of 
government and industry having the major share of the responsibility for assuring economical, safe, and instability-free 
propulsion systems. The organizations that sponsor S-16 and make possible, through the members and representatives, 
ARP1420, AIR1419, and other inlet distortion documents, should be commended. These documents exist today because 
of their active concern for the distortion problem and their willingness to provide resources to obtain solutions. The members 
and representatives collectively contributed hundreds of hours of work between Committee meetings to assure worthwhile 
results and productive meetings. 

INTRODUCTION 

This document contains engineering information for use as reference material and for guidance. Inlet total-pressure 
distortion and other forms of flow distortion that can influence inlet/engine compatibility require examination to establish the 
effect on engine stability and performance. This report centers on inlet-generated total-pressure distortion measured at the 
Aerodynamic Interface Plane (AIP), not because this is necessarily the sole concern, but because it has been given sufficient 
attention in the aircraft and engine communities to produce generally accepted engineering practices for dealing with it. The 
report does not address procedures for dealing with performance destabilizing influences other than those due to total-
pressure distortion, or with the effects of any distortion on aeroelastic stability. The propulsion system designer must be 
careful to assure that, throughout the development process, other forms of inlet flow distortion, which can have just as 
serious effects on system stability and performance, have been effectively addressed. 

The report deals with spatial total-pressure distortion, as defined by an array of high-response total-pressure probes. Time-
variant total-pressure distortion, synthesized from statistical data, can provide useful information. However, the consensus 
of SAE S-16 is that such techniques are not developed sufficiently to permit general guidelines to be formulated. 
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Concepts which are fundamental to this report are: 

a. Inlet flow quality can be characterized, in a form relevant to engine distortion response, with numerical descriptors 
derived from an array of high-response total-pressure probes. 

b. Propulsion system stability can be controlled by the aircraft and engine designers. 

c. Engine stability can be demonstrated by tests using equivalent levels of steady state distortion. 

The report is organized into nine technical sections (Sections 3 through 11) followed by a summary, expanding upon the 
ideas and recommended practice set forth in ARP1420. Sections 3 and 4 deal with stability margin, loss of stability pressure 
ratio, and procedures for correlating the loss of stability pressure ratio with total-pressure distortion. Through use of the 
terms and procedures discussed earlier, Sections 5 and 6 develop engine stability and performance assessment techniques 
for handling total-pressure distortion by putting them into context with other destabilizing influences and performance 
detriments. Section 7 describes various test procedures, equipment, and methods currently available for generating the 
information needed to apply distortion assessment techniques. Section 8 discusses interface instrumentation, data-
acquisition system accuracy, frequency response, record length, recording systems, and the data management procedures 
necessary to minimize communication errors among participating organizations. Section 9 reviews available computational 
techniques that can be used to model compressor response to inlet distortion. Section 10 provides a brief discussion of 
other forms of distortion at the inlet/engine Aerodynamic Interface Plane, while Section 11 describes other factors that can 
affect engine operability, along with a review of other considerations involved in assessments of inlet/engine compatibility. 
A summary of the information in the document is presented in Section 12. 

The distortion descriptor is the vehicle by which engine reaction to inlet distortion is forecast and assessed, from program 
outset well into field use of the system. ARP1420 defines the distortion descriptor as a non-dimensional, numerical 
representation of the measured inlet pressure distribution, and provides a means for identifying critical inlet flow distortions 
and for communicating during propulsion system development. Central issues are the distortion descriptors, methods of 
correlating them with performance and stability changes, and test and information acquisition techniques. Use and accuracy 
of the descriptors vary, depending upon the stage of the engine development, but their definitions and purpose remain 
constant: to assess status, forecast stability, and identify required engineering activity. 

The activities associated with distortion descriptor use can be categorized for convenience in phases (Table 1), recognizing 
that there is little consensus concerning the definitions of these phases and that no clear lines of demarcation exist between 
them. 
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Table 1 - Distortion assessment uses during the propulsion system life cycle 

PHASE ACTIVITY AIRFRAME MANUFACTURER ENGINE MANUFACTURER STATUS AT  
END OF PHASE 

1. Conceptual Studies 1. Analytical evaluation of candidate 
aircraft and propulsion system 
configurations 

2. Mission evaluation 

1. Establish inlet distortion trends 
2. Evaluate alternative inlet designs and locations 
3. Estimate maneuver limitations 
4. Evaluate armament locations 
5. Evaluate airframe/propulsion system integration  

1. Include inlet distortion effects in 
selection of engine configurations 
based on past experience 

1. Candidates that can potentially 
meet requirements 

2. Preliminary definition of 
stability requirements 

2. Preliminary Design 1. Design, analysis, and test of inlet and 
engine components 

2. System design selection 
3. Establish flight maneuver envelope 

goals 

1. Determine preliminary distortion characteristics 
2. Evaluate airframe/propulsion system integration 
3. Determine preliminary airflow matching 
4. Establish distortion level goals for inlet 
5. Perform periodic stability assessments jointly with 

engine manufacturer 

1. Define stability margin 
requirements and select 
compression system design 

2. Define engine distortion tolerance 
goals 

1. Distortion goals defined 
2. Mission defined 
3. Inlet/engine compatibility 

approach defined 
4. Propulsion system defined 

3. Development 1. Development of required quality 
through continuing analysis and test 
of airframe and engine components 
and systems 

1. Verify airflow matching 
2. Define inlet design effects on distortion 
3. Identify critical distortion patterns/levels 
4. Establish distortion level commitments 
5. Perform periodic stability assessment jointly with 

engine manufacturer 

1. Establish distortion level 
commitments 

2. Define patterns for qualification 
tests 

3. Correlate stability margin and 
performance changes due to 
distortion 

1. Distortion commitments 
agreed upon 

2. Data bank established 
3. Full scale inlet/engine 

compatibility tests performed if 
necessary 

4. Propulsion system ready for 
production 

4. Engine 
Qualification or 
Certification 

1. Demonstration of required levels of 
propulsion system 
stability/compatibility 

1. Perform joint stability assessments 
2. Perform wind tunnel tests of production changes 
3. Perform installed performance calculations of 

“status” configuration  

1. Demonstrate engine operation 
with distortion 

1. Propulsion system with 
acceptable performance and 
stability at specified conditions 

5. Flight Test 1. Demonstration of propulsion system 
operation 

2. Inlet and engine improvements flight-
tested to produce best combination of 
performance and stability 

1. Establish flight/maneuver envelopes 
2. Determine distortion levels at propulsion system 

limits 
3. Resolve deficiencies 
4. Compare flight test and wind tunnel data 

1. Correlate flight and development 
data 

2. Identify sources of flight-revealed 
stability problems 

1. Propulsion system 
performance and stability 
demonstrated over flight and 
maneuver envelopes 

6. Operational 1. Collection of operational data 
2. Propulsion system modified as 

necessary 

1. Evaluate propulsion system modifications 
2. Evaluate operational anomalies 

1. Service, overhaul, and 
modification evaluation 

2. Operational troubleshooting 

1. Operational capability 
monitored 
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1. Conceptual Studies Phase 

This phase, the initial step in the life cycle for an aircraft system, is characterized by analytical evaluations of candidate 
aircraft/propulsion system configurations. Generally, no new testing is planned for this phase and information for the 
evaluations is based on historical sources. Recognition of and planning for a stability assessment during concept evaluation 
serves to assure that (1) distortion effects are a prime consideration in the selection of the candidate propulsion system, 
(2) those conditions that are considered areas of risk are given particular attention during the subsequent design and 
development phases, and (3) distortion patterns, inherent to the type of aircraft inlet, are defined to enable the engine to be 
designed with consideration for predominant patterns.  

The distortion descriptor is used to determine the relative standing of several candidate inlet configurations. Specific items 
to be evaluated include design concept and location, inlet performance, and aircraft maneuverability, as affected by 
distortion, armament location, approximate inlet/engine matching characteristics, overall distortion trends with inlet 
geometry, and primary and secondary airflow requirements. The descriptor is used to evaluate the stability characteristics 
of candidate compressor and engine configurations, their sensitivity to distortion, the stability margin available for distortion, 
and potential problems peculiar to the various thermodynamic cycles and engine control modes. 

This phase should end when the overall aircraft and the propulsion system configurations that can best meet generalized 
mission requirements are defined. Limiting operating conditions within the anticipated flight envelope should have been 
identified, including but not limited to those due to inlet total-pressure distortion, unstart, buzz, temperature distortion, swirl, 
water ingestion, armament-exhaust-gas ingestion, and unusual amounts of engine bleed or power extraction. The 
consequence of loss of stability margin associated with these conditions should have been assessed and a procedure 
established for continuously tracking compatibility throughout the development program. 

2. Preliminary Design Phase 

This phase is the second step in the development cycle, during which mission requirements are defined in more detail and 
a baseline vehicle has been selected. Airframe-inlet integration and inlet component testing have begun with small scale 
models to update compatibility estimates and to define the extent of required development work. Preliminary indications of 
the extent of the distortion problems to be expected are identified using data obtained from steady state and dynamic probes 
located at the inlet/engine aerodynamic interface plane. Fan and compressor performance maps, flow path geometry, and 
blade sizes are estimated. Where appropriate, applicable engine components are tested with distortion patterns 
characteristic of the inlets being considered by the airframe contractor. 

The distortion descriptor is used to aid in selecting those inlet/airframe components that result in a favorable flow field. 
Preliminary distortion characteristics are determined for critical aircraft operating conditions. The distortion descriptors are 
used to assess the effects of distortion on the engine and its components. Engine simulations, with transient capability and 
control logic, are initiated and used to perform preliminary engine stability audits, to define engine stability margin utilization, 
and to aid in establishing distortion goals for the inlet. 

Engine distortion tolerance estimates are used to establish the allowable airflow range for inlet/engine matching, 
supercritical or subcritical limits, start/unstart procedures, control criteria, bleed configuration, boundary layer diverter 
design, noise requirements, maneuver capability, lip shape and radius, low-speed flow augmentation, and low-speed 
crosswind capability. 

At the end of this phase, initial stability audit coordination has occurred between engine and airframe companies. The basic 
inlet and engine configurations have been defined but require further refinement. The vehicle mission has become well-
defined. Provisions for coordinating any mission changes will have been made. Agreement should exist between airframe 
and engine contractors on: 

• The distortion goals for the inlet and the engine at specific points within the flight envelope. These represent the 
maximum level of distortion the inlet will generate and the level the engine will tolerate. 

• The type, severity, and number of equivalent classical patterns to be used during initial development testing. 
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• The distortion patterns from subscale inlet testing to be used for engine development tests. 

• A well-defined compatibility program including the definition of the data transmission formats, test sequence, criteria for 
decision making, the scope of dynamic distortion tests, demonstration points, type of instrumentation, and location of 
aerodynamic interface plane. 

3. Development Phase 

This phase starts when system mechanical configurations are defined and terminates when the propulsion system is ready 
for field use. The airframe, inlet, and engine configurations are refined through extensive test programs. The performance 
and compatibility of the airframe/inlet system are developed through wind-tunnel tests of large-scale models, and of the 
engine, through engine and component tests using suitable distortion generators. A full complement of dynamic 
instrumentation, located at the agreed AIP, is utilized during testing. Prior inlet distortion and engine tolerance commitments 
are updated based on realistic test data and changing requirements. 

Updated stability margin and stability pressure ratio changes due to distortion are obtained from compressor rig and engine 
tests with inlet distortion. Distortion stability coefficients are adjusted correspondingly, and the process is repeated as engine 
design changes occur. The descriptor is used to verify inlet distortion levels, and design variables such as throat height, 
ramp position, cowl shape, bleed and bypass are examined for their effects on distortion. Updated distortion patterns, 
obtained from wind tunnel and flight tests, are used to refine stability and performance assessments. Descriptors and engine 
simulations are used to focus attention on components requiring further development. At the end of this phase, the airframe 
and engine have demonstrated compatibility throughout the required flight envelope. 

4. Engine Qualification or Certification Phase 

This phase represents the period during which tests are performed to clear the engine for initial flight testing, for limited 
production, and eventually, for full production. Qualification or certification requires quantitative assessments of engine 
performance and stability at a number of selected conditions. Distortion patterns are used during this phase to define the 
inlet/engine interface test conditions. The test conditions are defined in terms that include: 

• Inlet/engine interface conditions 

o Airflow 

o Total pressure (local point-by-point values) 

o Total temperature 

o Altitude ambient pressure 

• Installation interface conditions (aircraft service requirements) 

o Customer bleed  

o Power extraction 

• Engine operating conditions 

o Engine power setting 

o Engine service bleeds (inter-compressor, anti-ice) 

o Control trim status 

At the conclusion of this phase, the engine configuration will have demonstrated acceptable performance and stability for 
the specified sets of operating conditions. 
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5. Flight Test Phase 

Distortion testing through the early part of the development phase defines necessary design changes and provides an 
assessment of system performance and stability well in advance of flight. Flight testing may identify design changes and 
may uncover problems requiring further development because ground test facilities are limited in their ability to simulate the 
full flight and maneuver envelopes. 

The primary engine uses of distortion descriptors are to correlate flight and ground test data, and to identify sources of flight-
revealed performance and stability problems. Comparisons are made with previous engine stability predictions at specific 
steady-state and transient operating conditions. Stability assessment procedures may be updated and improved. Flight 
stability limits are identified and tracked in terms of descriptor level, aircraft Mach number, altitude, attitude, and inlet and 
engine control parameters. 

The flight test phase is complete when adequate aircraft propulsion system performance and stability have been 
demonstrated over the flight and maneuver envelopes and there are no further requirements for flight-generated 
compatibility information prior to certification for full production. 

6. Operational Phase 

During this phase, system engineering changes, alterations in aircraft usage, maintenance effects, and aging effects are 
assessed for their impact upon inlet/engine compatibility. If additional testing and instrumentation are required, use of the 
distortion descriptors would be identical to that previously described in the flight test phase. 

The complexity and expense of a compatibility program to execute the multi-phased process described will depend on 
system requirements. The program for a re-engining of an existing aircraft, or development of a podded installation for which 
significant background data exist based on similar designs and similar applications, may be uncomplicated and inexpensive 
to execute. More stringent mission requirements may force severe departures from experience, thus incurring added risk 
and therefore added program complexity and expense. The information in this report can be used as necessary to create a 
development method to minimize the risk of inlet/engine compatibility problems. The degree to which information regarding 
descriptor formulation and use, assessment techniques, and testing outlined in this document is applied to a specific 
program should be consistent with the expected severity of the compatibility problem. 
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1. SCOPE 

This SAE Aerospace Information Report (AIR) addresses many of the significant issues associated with effects of inlet 
total-pressure distortion on turbine-engine performance and stability. It provides a review of the development of techniques 
used to assess engine stability margins in the presence of inlet total-pressure distortion. Specific performance and stability 
issues that are covered by this document include total-pressure recovery and turbulence effects and steady and dynamic 
inlet total-pressure distortion.  

1.1 Purpose 

The purpose of this document is to provide specific information about determining the effects of inlet total-pressure distortion 
on turbine-engine performance and stability. Testing methodologies and computational fluid dynamics (CFD) approaches 
are described. Types and scales of testing hardware are discussed with applications for each.  

2. REFERENCES 

2.1 Applicable Documents 

The following publications form a part of this document to the extent specified herein. The latest issue of SAE publications 
shall apply. The applicable issue of other publications shall be the issue in effect on the date of the purchase order. In the 
event of conflict between the text of this document and references cited herein, the text of this document takes precedence. 
Nothing in this document, however, supersedes applicable laws and regulations unless a specific exemption has been 
obtained. 

2.1.1 SAE Publications 

Available from SAE International, 400 Commonwealth Drive, Warrendale, PA 15096-0001, Tel: 877-606-7323 (inside USA 
and Canada) or +1 724-776-4970 (outside USA), www.sae.org.  

AIR5396 Characterizations of Aircraft Icing Conditions 

AIR5656 Statistical Stability Assessment 

AIR5686 A Methodology for Assessing Inlet Swirl Distortion 

AIR5687 Inlet/Engine Compatibility - From Model to Full Scale Development 

AIR5826 Distortion Synthesis/Estimation Techniques 

AIR5866 An Assessment of Planar Waves 

ARP246 Orientation of Engine Axis, Coordinate and Numbering Systems for Aircraft Gas Turbine Engines 

ARP1210 Gas Turbine Engine Interface Test Data Reduction Computer Programs 

ARP1420 Gas Turbine Engine Inlet Flow Distortion Guidelines 

AS681 Gas Turbine Engine Performance Presentation for Computer Programs 

AS755 Aircraft Propulsion System Performance Station Designation and Nomenclature 

Cotter, H., "Integration of Inlet and Engine - An Engine Man’s Point of View," SAE Technical Paper 680286, 1968, 
https://doi.org/10.4271/680286. 

Kimzey, W. and Ellis, S., "Supersonic Inlet Simulator - A Tool for Simulation of Realistic Engine Entry Flow Conditions," 
SAE Technical Paper 740824, 1974, https://doi.org/10.4271/740824. 
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3D, 3-D Three dimensional 
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A/C Aircraft 
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AEDC Arnold Engineering Development Center 

AGARD Advisory Group for Aerospace Research and Development 

AIP Aerodynamic interface plane 

AIR Aerospace Information Report 

AOA Angle of attack, degrees 

AOS Sideslip angle, degrees 
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APD Amplitude probability density 

ARP Aerospace Recommended Practice 

ASME American Society of Mechanical Engineers 

ATF Altitude test facility 

AP Pressure distortion transfer function 

AT Temperature distortion transfer function 

b Stability limit line loss weighting or superposition factor 

B AIP distortion parameter weighting or superposition factor 

BLC Boundary layer control 

bp The ratio of the loss of stability pressure ratio due to a 180 degree one-per-rev low pressure region with 
radial distortion to the loss of stability pressure ratio due to a pure circumferential 180 degree one-per-
rev pattern 

bT Superposition function which accounts for coupling effects between the circumferential and radial 
components of total-temperature distortion 

CCP Circumferential total-pressure distortion offset coefficient for sensitivity or portion of sensitivity lines not 
passing through the origin 

CCT Circumferential total-temperature distortion offset coefficient for sensitivity or portion of sensitivity lines 
not passing through the origin 

CDGCp Distortion generation coefficient 

CDTCp Distortion transfer coefficient 

CFD Computational fluid dynamics 

Ch Radial offset term for the hub 

Ci Constant (offset) for ring i 

CRp, CR Radial total-pressure distortion offset coefficient for sensitivity or portion of sensitivity lines not passing 
through the origin 

CRT Tip radial total-pressure distortion offset coefficient for sensitivity or portion of sensitivity lines not passing 
through the origin; radial total-temperature distortion offset coefficient for sensitivity or portion of sensitivity 
lines not passing through the origin 

Ct Radial offset term for the tip 

D Diameter 

DFRC Dryden Flight Research Center 
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DPC Circumferential distortion parameter 

DPR Radial distortion parameter 

DPS AIP distortion screening parameter 

DTC Temperature distortion parameter 

ECS Environmental control system 

EXp Extent function which accounts for change in loss of stability pressure ratio due to the extent of the total-
pressure pattern differing from 180 degrees 

EXT Extent function which accounts for change in loss of stability pressure ratio due to the extent of the total-
temperature pattern differing from 180 degrees 

f Frequency 

F Force 

FADEC Full authority digital electronic control 

Fg Gross thrust 

FOD Foreign object damage 

f(θ) Combined pressure and temperature distortion superposition and spatial orientation function 

( )−θif  Extent function 

FX Axial force distribution 

g Acceleration due to gravity 

HCF High cycle fatigue 

HP High-pressure 

HPC High-pressure compressor 

ID Inner diameter 

IGV Inlet guide vanes 

IR Radial intensity parameter 

JSF Joint Strike Fighter 

KCi Circumferential distortion sensitivity for ring i 

KCP Circumferential total-pressure distortion sensitivity 

KCT Circumferential total-temperature distortion sensitivity 

Kr Average radial sensitivity 
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KRAD Radial distortion factor 

KRi Radial distortion sensitivity for ring i 

KRp Radial total-pressure distortion sensitivity 

KRT Tip radial total-pressure distortion sensitivity 

KT Temperature distortion sensitivity 

Kθ Circumferential distortion factor 

L Characteristic length 

LP Low-pressure 

LPC Low-pressure compressor 

LWC Liquid water content, the mass of the supercooled liquid in a unit volume of dry air 

m Mass 

M Mach number 

m  Mass flux 

MFR Mass flow ratio 

MLC Meanline code 

MPR Multiple per revolution 

MVD Median volumetric diameter (half of the LWC is of greater diameter and half of the LWC is of lower 
diameter) 

N Number of instrumentation rings; turbine engine rpm 

NACA National Advisory Committee for Aeronautics 

NAPC Naval Air Propulsion Center 

NASA National Aeronautics and Space Administration 

NATO North Atlantic Treaty Organization 

NC Core speed, rpm 

NC Engine rpm corrected to standard sea level conditions 

NF Fan speed, rpm 

NR Non-random 

NSMS Noninterference Stress Measuring System 

OD Outer diameter 
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P Static pressure 

PAV Average pressure, usually for a ring 

PAVG Average total pressure of the AIP 

PAVLOW Average pressure in the extent 

PFAV AIP average total pressure 

PLA Power lever angle 

PMAX Maximum total pressure of the AIP 

PMIN Minimum total pressure of the AIP 

PR1 Pressure ratio on undistorted flow stability limit line 

PRDS Distorted flow pressure ratio 

PRi, PR(i), PRi Pressure ratio i 

PRDS Pressure ratio on distorted flow stability limit line 

PRO Pressure ratio on undistorted operating line 

PSD Power spectral density 

Pt’ Relative total pressure 

Q Rate of heat added to a fluid 

r  Radius 

RANS Reynolds averaged Navier-Stokes 

RFG Random frequency generator 

RMS Root mean square 

rpm Revolutions per minute 

RSS Root-sum-square 

S Superposition function which accounts for coupling effects between total-pressure distortion and total-
temperature distortion 

SFC Specific fuel consumption 

SLCC Streamline curvature code 

SM Stability margin 

SSA Statistical stability assessment 

S-16 SAE Turbine Engine Inlet Flow Distortion Committee 
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SW Shaft work 

T Temperature 

TDC Top dead center 

TR Total temperature ratio 

U Velocity, local wheel speed 

UC Convective velocity 

V Velocity; absolute velocity 

Vm Axial velocity 

VR Relative velocity 

VSTOL Vertical/Short Takeoff and Landing 

Vt Tangential velocity 

WA, WA2 Compressor inlet corrected airflow 

WB Mass transfer rate across boundary 

α, AOA Test article angle of attack; absolute air angle 

αi Weighting factor for ring i 

β, AOS Test article angle of sideslip; relative air angle 

βmetal Blade metal angle 

γ Ratio of specific heats 

δ Temperature ratio; deviation 

ΔPC/P Circumferential pressure distortion intensity element 

ΔP/PC Circumferential total pressure distortion term 

ΔP/PR Radial total pressure distortion term 

ΔPR/P Radial pressure distortion intensity element 

ΔPRS Loss of stability pressure ratio 

ΔPRSC Stability pressure ratio loss due to circumferential total pressure distortion 

ΔPRSR Stability pressure ratio loss due to radial total pressure distortion 

ΔPRST Stability pressure ratio loss due to temperature distortion 

ΔSL Loss of stability limit line 
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ΔSM Loss in stability margin 

ΔT/TC Circumferential total temperature distortion term 

ΔT/TR Radial total temperature distortion term 

(ΔT/TC)25 Level of HPC inlet circumferential total-temperature distortion 

η Efficiency 

θ
- Extent in degrees of a low-pressure region 

θ+ Extent in degrees of a high-pressure region 

λ Wavelength 

ρ Density of air 

σ One standard deviation 

τ Characteristic time or time constant 

ϕ Auto-power spectra 

ω Pressure ratio loss 

Subscripts 

1 Blade entrance 

180 Related to a 180 degree pattern 

2 Blade exit 

25 Inlet/engine station 25 

c Circumferential 

h Hub 

HPC High-pressure compressor 

HUB Related to the hub 

i Ring number 

p Pressure 

r Radial 

t, TIP Related to the tip 

T Temperature 

U Associated with velocity component U 

θ Related to extent 
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3. STABILITY MARGIN AND LOSS OF STABILITY PRESSURE RATIO 

Compressor stability margin definitions fall into two general classes: (1) stability margin defined at constant corrected airflow, 
usually at the compressor inlet, and (2) stability margin defined at constant corrected rotor speed. 

Stability margin defined at constant airflow has advantages for inlet-engine airflow matching and stability assessment. With 
this definition, both inlet distortion and engine distortion tolerance can be expressed as functions of airflow. Consequently, 
the corrected airflow passing through the aerodynamic interface plane can be used as the common denominator for both 
inlet distortion and engine distortion tolerance. 

Stability margin defined at constant corrected rotor speed has advantages for the engine manufacturer as most compressor 
design procedures and testing are carried out at constant corrected rotor speeds. Also, stability margin at the limiting rotor 
speed can typically be experimentally determined without extrapolation. Some engine configurations (e.g., auxiliary power 
units and single spool turboprops) are designed to operate at constant mechanical speed. It often makes sense to consider 
completing stability margin assessments using the constant corrected speed accounting method for these engine 
configurations. Additionally, for compression components which exhibit flat speed-line characteristics (i.e., small pressure 
ratio changes with relatively large changes in corrected airflow), constant corrected speed stability margin assessments can 
improve the resolution of the destabilizing terms used in the assessment.  

NOTE: When constant corrected speed stability accounting methods are being used, it is often necessary to provide a 
compressor corrected airflow versus corrected speed characteristic to the inlet design team thereby facilitating 
corrected airflow matching at the aerodynamic interface plane. 

The inlet/engine compatibility guidelines of ARP1420 recommend a total-pressure distortion methodology which uses 
constant corrected airflow accounting. This section discusses that definition and the rationale for its choice. Additionally, the 
corresponding constant corrected speed stability accounting definitions are provided to facilitate appropriate use of that 
method. 

3.1 ARP1420 Definitions and Rationale 

ARP1420 recommends that stability margin accounting be defined using the constant corrected airflow approach with airflow 
defined at the inlet of the compression component. The recommended ARP1420 stability margin is calculated as the 
difference between the stability pressure ratio and the operating pressure ratio, normalized by the operating pressure ratio. 
Referring to Figure 1, the ARP1420 undistorted percent stability margin available is defined as: 

 100
PRO

PRO1PRSM ×
−

=  (Eq. 1) 

 

Figure 1 - ARP1420 stability margin definition 
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The ARP1420 loss in stability pressure ratio due to inlet total pressure distortion (ΔPRS) also is measured at constant inlet 
corrected airflow with the variable geometry, if any, in the scheduled position. ΔPRS is the loss in percent stability pressure 
ratio due to inlet distortion normalized by the undistorted stability pressure ratio. With reference to Figure 1: 

 100
1PR

PRDS1PRPRS ×
−

=∆  (Eq. 2) 

The loss in stability pressure ratio is normalized by the undistorted stability pressure ratio rather than by the operating 
pressure ratio because the operating pressure ratio may not have been defined when compressor rig tests were made to 
determine the effect of distortion on compressor stability. Also, a better comparison among compressors from different 
engines can be made using a distortion sensitivity that is independent of the operating point. By creating a distortion 
sensitivity correlation for the compression system that is independent of the operating point, the same correlation can be 
used in multiple engine configurations which are derived from that single unique compression system. 

While stability margin at constant corrected airflow is the recommended approach for typical stability margin accounting, 
there are sometimes good reasons to consider conducting stability margin assessments using a constant corrected speed 
approach. Such an approach might be used for operating condition changes that result in small changes in compression 
system pressure ratio while at the same time exhibiting large changes in compressor corrected airflow along a constant 
corrected speed line. Engines which are routinely operated at constant mechanical speed, low-pressure-ratio fans, and 
some centrifugal compressors exhibit such behavior. For that reason, stability margin accounting along a constant corrected 
speed has become a stability margin accounting approach used by some engine manufacturers. Equations similar to those 
used in Equations 1 and 2 are typically used for constant corrected speed stability margin accounting.  

NOTE: All margin and destabilizing factors associated with a specific operating condition in a stability margin accounting 
process must be consistently accounted for. That is, constant corrected airflow-based audits require that stability 
margin and all line item destabilizing factors must be derived from a single consistent constant corrected airflow line 
for the specific operating condition being evaluated, while constant corrected speed-based audits must ensure that 
stability margin and all line item destabilizing factors must follow the corresponding single consistent constant 
corrected speed line associated with the specific operating condition being evaluated. In what follows, equation 
designations with an "a" are associated with distortion-based constant corrected airflow stability accounting and 
equations designated with a "b" are associated with distortion-based constant corrected speed accounting. 

Fan data, both with and without inlet distortion, are shown in Figure 2 to illustrate the definitions of stability margin and loss 
of stability pressure ratio due to inlet distortion. 
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Point Number Corrected Airflow Pressure Ratio 
  1 87.9 2.45 
  2 89.3 2.49 
  3 92.2 2.58 
  4 96.4 2.72 
  5 89.3 2.45 
  6 93.1 2.58 
  7 96.4 2.70 
  8 89.3 2.07 
  9 94.4 2.28 
10 96.4 2.36 

Figure 2 - Fan map to illustrate stability margin definition 

Using the nomenclature of Figure 2, ARP1420 constant corrected airflow stability margin, with no inlet distortion, at 89.3% 
airflow is: 

 %29.20100
)PR(

)PR()PR(
SM

8

82 =×
−

=  (Eq. 3a) 

Alternatively, the corresponding constant corrected speed undistorted flow stability margin is calculated as: 

 ( )
%40.15100
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)WA/PR(WA/PRSM
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(Eq. 3b) 
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In the example shown in Figure 2, the dashed lines represent a shift in performance due to inlet distortion. The loss in 
stability pressure ratio at constant corrected airflow due to distortion is calculated at the stability limit airflow with inlet 
distortion. At 89.3% inlet airflow: 

 %61.1100
)PR(

)PR()PR(
PRSΔ

2

52 =×
−

=  (Eq. 4a) 

Alternatively, the equivalent distorted constant corrected speed loss of stability limit line, ∆SL, is calculated as: 

 
%57.1100

)WA/PR(
)WA/PR()WA/PR(SLΔ

1

51 =×
−

=
 

(Eq. 4b) 

With reference to Figures 1 and 2, the stability margin with distorted flow for constant corrected airflow is: 

 %36.18100
)PR(

)PR()PR(
100

PRO
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In a similar fashion, the corresponding distorted stability margin at constant corrected speed is: 
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(Eq. 5b) 

The change in stability margin at constant corrected airflow is related to the loss of stability pressure ratio, ΔPRS, by: 
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Similarly, the change in stability margin at constant corrected speed is related to the loss of stability limit line, ΔSL, by: 
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Substituting the corresponding numerical values from this example yield for constant corrected airflow: 
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(Eq. 7a) 

While for constant corrected speed accounting we get: 
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(Eq. 7b) 

For the constant corrected airflow example, at 89.3% airflow: 

 %93.161.12029.1SMΔ =×=  (Eq. 8a) 

While the corresponding constant corrected speed accounting passing through the same stability limit point yields: 

 %81.157.11540.1SMΔ =×=  (Eq. 8b) 
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3.2 Recommended Definitions of Stability Margin 

While many definitions of stability margin have been used in the past, the propulsion community has generally reached 
consensus on the two stability margin accounting approaches discussed and illustrated in 3.1. The current consensus 
stability margin definitions in terms of the nomenclature and numerical values of the undistorted flow lines in Figure 2 are 
provided in Table 2, illustrating that the numerical value of stability margin is dependent on the stability margin definition. 

The list of stability margin definitions in Table 2 is not comprehensive and while other definitions do exist, this document 
recommends use of the constant corrected airflow approach to facilitate simple and effective communication between 
engine operability and airframe inlet design teams. As stated previously, in some circumstances there may be benefits to 
use constant corrected speed accounting methods and as such, the second stability margin definition is provided in Table 2. 

Table 2 - Recommended stability margin definitions 

Number Definition 
Percent Stability 

Margin  

1 
 15.25 

(Refer to ARP1420) 
Constant Corrected 

Airflow 

2† 
 

14.30 Constant Corrected 
Speed 

†  WA denotes compressor inlet corrected airflow. 

NOTE: For compression systems exhibiting vertical compression system corrected speed lines, the constant corrected 
speed accounting process decomposes into the constant corrected airflow approach and yields identical stability 
margin results. However, for all non-vertical speed line characteristics, care must be taken to assure that all 
accounting line items included in a stability audit consistently follow the constant corrected airflow approach for 
constant corrected airflow audits or the constant corrected speed line approach for constant corrected speed audits. 

3.3 Stability Margin with Inlet Distortion 

Clean-flow stability available margin, distorted-flow stability margin, and the loss in stability margin due to inlet distortion 
calculated for the two definitions of stability margin presented in Table 2 are compared in Table 3. Clean-flow stability 
margins in Table 3 range from 15.40 to 20.29%, while the corresponding loss in stability margin due to the test level of 
circumferential distortion ranges from 1.81 to 1.93%. 

Table 3 - Comparison of stability margin definitions show different distortion accounting levels 

Definition 
Number 

Data Points Undistorted-Flow 
Stability Margin, 

Percent 

Distorted-Flow 
Stability 
Margin, 
Percent 

Constant 
Corrected 

Airflow 

Constant 
Corrected 

Speed 

Loss in 
Stability 

Margin Due 
to Distortion, 

Percent 
Undistorted 

Flow 
Distorted 

Flow ΔPRS ΔSL 
1 2, 8 5, 8 20.29 18.36 1.61 ------------- 1.93  
2 1, 9 5, 9 15.40 13.59 ------------ 1.57 1.81 

The effects of inlet total-pressure distortion on engine stability can be accounted for consistently using either of the 
compressor stability margin definitions listed above. Definitions which give higher values of stability margin usually have 
greater sensitivity to distortion so that all definitions reproduce the test stability limit point for the test level of inlet distortion. 
However, each method may estimate a different stability-limit-remaining value prior to reaching the compression system 
stability limit. 

Rotor speed and airflow relationships are required, both with and without inlet distortion, to match inlet operating airflow for 
constant speed stability margin definitions. Constant airflow stability margin definitions, on the other hand, enable rapid 
assessments of distortion effects on stability margin to be made at the matched inlet and engine airflow. Stability 
assessments made at constant inlet corrected airflow, defined at the aerodynamic interface plane, simplify communication 
across the interface plane since inlet performance, inlet stability, inlet distortion, engine performance, and engine stability 
are all functions of the corrected airflow at the interface plane. 

100
)PR(

)PR()PR(
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104 ×
−

( ) ( )
( ) 100
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−
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Different definitions of stability margin give different numerical values for stability margin and loss in stability margin, as 
illustrated by Table 3. This can cause confusion in inlet/engine compatibility studies because each definition provides a 
different numerical description of stability. Consequently, an engineer trying to compare the stability of propulsion systems 
that utilize different definitions of stability margin and different accounting procedures has to understand different 
methodologies and then translate stability margins into a common reference frame for comparison. This translation may 
require data that are not readily available, such as compressor maps with and without distortion. Such a translation will 
certainly require additional work for accurate comparison of different audit system results. 

The ARP1420 constant-corrected-airflow stability-margin definition and the associated ΔPRS definition are recommended 
by the SAE S-16 Committee to meet the need for a consistent approach to quantifying inlet/engine stability assessment with 
inlet total-pressure distortion. Stability accounting systems based on these definitions are widely used and have been 
successful on all applications to date. 

The use of the ARP1420 definition of stability margin for inlet total pressure distortion assessment does not preclude the 
use of alternative stability margin definitions for compressor design and development purposes. As stated in ARP1420, a 
particular engine configuration may require an alternative stability margin definition. In this case, the stability margin 
definition, stability margin loss, and stability assessment procedure need to be specified. 

3.4 Stability Limit Line Extrapolation in the Compressor Overspeed Region 

In the example of Figure 2, the stability limit line was defined up to the operating airflow by testing at higher rotor speeds on 
the compressor rig. In some test rig situations, the achievement of high corrected rotor speeds and corresponding airflows 
may not be possible. For example, rig power supply constraints may make it impossible to determine experimentally a 
stability limit line at high airflows in the compressor overspeed regime. If the operational limit rotor speed is achievable, 
extrapolation of the stability limit line still may be required to extend the stability limit line to the highest operating airflow. 

It is common practice to test compression components without distortion and at one level of distortion. Linear interpolation 
is used to estimate the loss of stability pressure ratio due to differing inlet distortion intensities. The following example shows 
how different stability limit line extrapolations can affect this estimation procedure. The same undistorted speed line in 
Figure 2 also appears in Figure 3, but in Figure 3 it is assumed that the speed line shown is a limiting speed line. A speed 
line with radial distortion intensity of 0.10 also is shown in Figure 3. Stability limit line extrapolation 1 is the same stability 
limit line as shown in Figure 2 for undistorted operation. Stability limit line extrapolation 2 is a higher stability limit line 
extrapolation. The matched inlet-engine airflow has been selected as the test airflow with inlet distortion, 94.9% airflow, so 
that stability accounting can reproduce the test conditions. 

The effect of these different stability limit line extrapolations on estimates of the ARP1420 stability margin for various levels 
of distortion are shown in Table 4. 
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 No Inlet Distortion Limiting Speed 

 With Radial Inlet Distortion Limiting Speed, ΔPR/P = 0.10 
Point Number Pressure Ratio Airflow 

  9 2.71 94.9 
10 2.67 94.9 
11 2.35 94.9 
12 2.30 94.9 

Figure 3 - Fan map to illustrate effect of stability limit line extrapolation 

Table 4 - Effect of stability limit line extrapolation on stability accounting 

Inlet 
Distortion 

Level 
(ΔPR/P) 

SM - Stability Margin 
with Inlet Distortion 

ΔPRS - Loss in Stability 
Pressure Ratio 

Due to Inlet Distortion 
Stability Limit 

Line 1 
Stability Limit 

Line 2 
Stability Limit 

Line 1 
Stability Limit 

Line 2 
0 16.1 17.8 0 0 

     0.05   9.1 10.0    6.0    6.6 
     0.10   2.2   2.2  12.0  13.3 
     0.11   0.8   0.6  13.2  14.6 
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It can be seen by examining Table 4: 

• A higher undistorted stability limit line is compensated by an increased loss in stability pressure ratio with inlet distortion, 
so that both stability limit line extrapolations produce the same distorted stability margin for the test conditions of ΔPR/P 
= 0.10. 

• A high stability limit line extrapolation (2) gives higher stability margin estimates for distortion levels that are lower than 
tested and lower stability margin estimates for distortions higher than tested. 

Distortion tests should be conducted at or above maximum anticipated distortion levels because interpolation is ALWAYS 
safer than extrapolation. 

4. STABILITY PRESSURE RATIO CORRELATION 

Estimation of the loss of stability pressure ratio (ΔPRS) due to inlet total-pressure distortion is fundamental to accomplishing 
a stability assessment (Section 5). ΔPRS, defined in Section 3, can be correlated using the distortion descriptor elements 
described in this section. This section also discusses the rationale underlying the selection of these distortion descriptor 
elements. 

Sample probe readings based upon screen test data are given for a variety of patterns useful for constructing a stability 
pressure-ratio correlation system and for checking out a distortion descriptor element computation program. To aid this 
process, the data are given in terms of probe-by-probe total-pressure readings and the associated contour plot; the results 
are presented as descriptor element values and illustrated with bar charts. 

Three correlation systems are described to familiarize the reader with the type of data required for constructing a stability 
pressure ratio distortion correlation system and to illustrate achievable accuracies. Section 4 ends with discussions of 
methods for and problems of screening inlet data and formulating a universal screening procedure. 

4.1 Distortion Descriptor Element Definitions 

Aerodynamic Interface Plane total-pressure probe data are used to describe inlet distortion directly in terms of the probe 
readings (pattern) and numerically in terms of distortion descriptors that are related to the severity of the distortion. Distortion 
descriptors provide a means of identifying critical distorted inlet-flow conditions and of communicating during propulsion 
system development. A universal distortion descriptor is beyond the state-of-the-art; however, distortion descriptor elements 
have been identified (refer to ARP1420) for use in structuring a distortion descriptor for a particular engine. These elements 
are used to define each distortion descriptor system and its associated computation procedure. The distortion descriptor 
elements are used to quantify the distortion at the AIP. Fundamental to the distortion-descriptor elements is the set of 
pressure-probe readings that are used to describe the total-pressure distribution. The pressure probes usually are arranged 
in rake and ring arrays, as described in Section 8. Circumferential and radial distortion elements, which are calculated using 
the pressure-probe readings, are defined on a ring-by-ring basis. Inlet spatial distortion is described in terms of 
circumferential and radial elements and is discussed in detail in the following paragraphs. 

Circumferential distortion is described for each instrumentation ring in terms of intensity, extent and multiple-per-revolution 
elements. 

Intensity: The circumferential distortion intensity element (ΔPC/P) is a numerical indication of the magnitude of the pressure 
defect for each ring. 

Extent: The circumferential distortion extent element (θ-) is the angular region, in degrees, in which the pressure is below 
ring average pressure. 

Multiple-per-Revolution: The circumferential distortion multiple-per-revolution element (MPR) is a numerical indication of the 
“effective” number of low-pressure regions for each ring. 

The radial distortion intensity element (ΔPR/P) describes the difference between the ring-average pressure and the face-
average pressure for each ring. Both positive and negative values of radial intensity are possible. Positive values reflect a 
ring-average pressure that is below the face-average pressure. 
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4.1.1 Circumferential Distortion Elements - One-Per-Rev Patterns 

The “intensity” and “extent” elements of circumferential distortion are obtained by linear interpolation of the pressures in a 
given instrumentation ring i. Typical pressures for the probes in the ith ring for a representative one-per-revolution pattern 
(one pressure defect in 360 degrees) are shown in Figure 4. Theta minus, −θi , is the circumferential extent of the low-
pressure region measured in degrees. It is defined by the intersection between the ring average pressure and the linear 
interpolation which subtends the low-pressure region. 

 ( )
 i i 1 2i Extent θ−θ=θ= −  (Eq. 9) 

Intensity,  

 ( ) ( )
( ) i 

i i 

i PAV
PAVLOWPAV

P
PC −

=






 ∆  (Eq. 10) 

where: 

 ( ) ( )∫ =θθ=
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0
i pressure average i ringdP

360
1PAV

i
 (Eq. 11) 

 ( ) ( )∫
−θ

− θθ
θ

=

i

dP1PAVLOW i
i

i  (Eq. 12) 

P(θ)I is a function resulting from a linear fit between the data points. 

The intensity element is equal to the shaded area of Figure 4 divided by the product of −θi  times (PAV)i, and:  

 Multiple-Per-Rev = (MPR)i = 1 (Eq. 13) 

 

Figure 4 - Ring circumferential distortion for a one-per-rev pattern 
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4.1.2 Circumferential Distortion Elements - Multiple-Per-Rev Patterns 

The circumferential distortion intensity and extent elements for multi-lobe distortion patterns also are determined by a linear 
interpolation procedure. A pattern with two low-pressure regions separated by two high-pressure regions of extents +θ 1i  and 

+θ 2i  appears in Figure 5. In all that follows, the analytical expressions are written for the kth low-pressure region for Q low-
pressure regions for each ring. The extent and intensity elements of each low-pressure region are calculated using 
Equations 9 and 10. 

4.1.2.1 Patterns with ++ θ≤θ minik   

If the pattern has low-pressure regions circumferentially separated by high-pressure regions with extents less than or equal 
to +θmin , it is considered as an equivalent one-per-revolution low-pressure region. +θmin  is specified by the descriptor developer 
and is a function of the predicted or measured engine response to distortion. A value of +θmin  of approximately 25 degrees 
is suggested in the absence of other information. 

In Figure 5, 

 ( ) ( ) i 34i 12

Q

1k
ik

-
iExtent θ−θ+θ−θ=θ=θ= ∑

=

−  (Eq. 14) 
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where: 
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Q
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ik

dP  1PAVLOW  (Eq. 16) 

 

Figure 5 - Ring circumferential distortion for a multiple-per-rev pattern 
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Hence,  
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Multiple-per-rev = MPR = 1 for this case. 

4.1.2.2 Patterns with ++ θ>θ minik  

If the pattern has low-pressure regions circumferentially separated by high-pressure regions with extents greater than +θmin  
then the multiple-per-revolution element is greater than one. 
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The multiple-per-revolution term is defined as the number of equivalent low-pressure regions, the equivalence being based 
on the ratio of the total integrated area beneath (PAV)i in Figure 5 to the largest single area beneath (PAV)i. This is given 
by the equation: 
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4.1.3 Radial Distortion Elements 

The radial distortion intensity of a ring is defined as the difference between the face-average pressure and the ring-average 
pressure divided by the face-average pressure. Both positive and negative values of radial intensity therefore occur; positive 
values reflect a ring-average pressure that is below the face average. A typical tip-radial distortion pattern is shown in 
Figure 6. The arrows indicate the difference in radial pressure for ring 5. For the general ring, i, the radial intensity is given as: 
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where:  

PFAV is the area-weighted face-average pressure. For N rings at centers of equal areas: 
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Figure 6 - Radial distortion pattern 

4.2 Rationale for Element Definitions 

The definitions of the distortion-descriptor elements given in 4.1 were chosen for a number of reasons. The most important 
requirement was that the elements should describe well-established facts, that is, the stability of an engine compression 
component is sensitive to the magnitude of a circumferentially varying total-pressure defect (circumferential intensity), the 
time a blade spends in the defect region (extent), the number of defects encountered by a blade in one revolution (multiple-
per-rev), the magnitude of a radially-varying total-pressure defect (radial intensity), and whether the circumferential and/or 
radial defects occur in the hub, mid-span, or tip regions of the compression-component inlet (refer to SAE 680286). 

The particular form of the circumferential distortion intensity element was chosen to aid in making hand calculations by 
avoiding complicated mathematical expansions and to avoid sensitivity to a single-probe low total-pressure reading. The 
latter was accomplished by averaging the pressures in the low total-pressure region, thus avoiding an expression such as 
(PMAX - PMIN)/PAVG which is descriptive of the flow, but does not take the response of the turbomachinery into account. The 
circumferential intensity element was nondimensionalized by the ring-average total pressure rather than face-average total 
pressure in an attempt to reduce the apparent “double bookkeeping” that occurs when analyzing complex aircraft patterns. 
This “double bookkeeping” occurs when the low total-pressure region may contribute to both the circumferential and radial 
intensity elements so as to effectively make the defect appear more severe than it actually is. 

To reduce the computation time for the time-variant distortion descriptor elements, linear interpolation is considered 
adequate for determining the angular extent (θ-) of a low-pressure region, thus avoiding differing results due to the type of 
interpolation used (Fourier curve fit, polynomial, spline). This pragmatic approach to handling large amounts of data 
produces results that correlate to an acceptable degree of accuracy. 

A continuous functional representation, indicating the presence of multiple-per-rev regions, rather than an integer jump 
function, was chosen because the stability response of compression components varies in a continuous manner, depending 
on the relationship between the intensity-extent products for each of the low-pressure regions. 

4.3 Sample Element Calculations 

As an aid to interpreting and calculating the distortion-descriptor elements, an example inlet pattern, illustrated in Figure 7, 
is examined in detail. The corresponding probe readings, normalized by face-average total pressure, are given in Figure 8. 
The pattern has two low pressure regions separated by more than 25 degrees in the outer rings and is termed a “two-per-
rev pattern.” The ARP1420 recommended probe array is superposed. The calculation of the circumferential distortion 
elements for the inner ring where the circumferential profile is only a one-per-rev profile is illustrated in Figure 9. The intensity 
element (ΔPC/P) is 0.02 per Equations 10 and 12. The extent element (θ-) is 157 degrees and the multiple-per-rev element 
(MPR) is 1.0 per Equation 13. The calculation of the circumferential distortion elements for the outer ring is illustrated in 
Figure 10. This ring has two low-pressure regions separated by more than +θmin . In this case, the intensity is equal to the 
value associated with the largest area under the ring-average total pressure. The multiple-per-rev factor is equal to 1.1 per 
Equation 18. The values of the radial distortion elements, as calculated according to Equation 19, are illustrated in Figure 11. 
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All distortion elements for each ring of this pattern can be illustrated using a bar graph display as shown in Figure 12. This 
type of display makes it possible to obtain quickly the following characteristics of the pattern: 

a.  The circumferential intensity is greatest at the tip. 

b. The circumferential extent is greatest at the hub. 

c. The only multiple-per-rev content exists at the tip. 

d. The radial intensity is greatest at the tip. 

This format gives the data and the results in both tabular and pictorial form and will be used to summarize the data and the 
results for the sample distortion patterns of the next subsection. The data for this example as well as the results are given 
in Figure 8. 

A pattern with two low-pressure regions separated by less than +θmin  is illustrated in Figure 13. The circumferential distortion 
intensity element for the outer ring was calculated according to Equation 15 and has a value of 0.026. 

 

Figure 7 - Example of inlet pattern 
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Figure 8 - Sample pattern definition and results 

 

Figure 9 - Circumferential distortion elements for inner ring 
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Figure 10 - Circumferential distortion elements for outer ring 

 

Figure 11 - Radial distortion elements 
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Figure 12 - Distortion-descriptor elements for the example inlet pattern 

 

Figure 13 - Equivalent one-per-rev pattern 
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4.4 Example Distortion Patterns 

Example distortion patterns are given in this paragraph for use in checking computer program results and to illustrate the 
results obtained when calculating the distortion descriptor elements for each of the patterns. The elements of the probe-by-
probe data arrays are the probe readings normalized by the area-weighted face-average total pressure. 

Each of these patterns is taken from screen test data. Although the patterns of 4.4.1 through 4.4.6 were intended to be 
classical patterns (180 degrees one-per-rev square wave, hub-radial, and tip-radial), and/or stylized combined patterns 
(180 degrees one-per-rev + hub-radial, 180 degrees one-per-rev + tip-radial, and 90 degrees one-per-rev + tip-radial), the 
actual patterns often had significant differences from the intended patterns. Careful attention to detail is required when 
designing a distortion screen if the desired pattern shapes and distortion element values are to be achieved for all test 
conditions. 

4.4.1 180 Degrees One-Per-Rev Circumferential Distortion Pattern 

The information relevant to this pattern is given in Figure 14. The ring circumferential intensity values are nearly constant 
and the angular extent of the circumferential distortion is uniform from ring-to-ring. There is no multiple-per-rev content and 
very little radial distortion content. 

 

Figure 14 - 180 degrees 1/rev circumferential distortion pattern 
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4.4.2 Hub-Radial Distortion Pattern 

The information relevant to this pattern is given in Figure 15. This hub-radial pattern has almost no circumferential distortion. 
The angular extent and multiple-per-rev elements have little physical significance. 

 

Figure 15 - Hub-radial distortion pattern 
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4.4.3 Tip-Radial Distortion Pattern  

The information relevant to this pattern is given in Figure 16. This tip-radial pattern has essentially no circumferential 
distortion. The angular extent and multiple-per-rev elements have little physical significance. 

 

Figure 16 - Tip-radial distortion pattern 
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4.4.4 180 Degrees One-Per-Rev + Hub-Radial Combined Distortion Pattern 

The information relevant to this pattern is given in Figure 17. This 180 degrees one-per-rev + hub-radial combined distortion 
pattern has fairly uniform circumferential angular extent, and tip-radial distortion intensity elements. There is minor multiple-
per-rev content in the tip. 

 

Figure 17 - 180 degrees 1/rev + hub-radial combined distortion pattern 
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4.4.5 180 Degrees One-Per-Rev + Tip-Radial Combined Distortion Pattern 

The information relevant to this pattern is given in Figure 18. This 180 degrees one-per-rev + tip-radial combined distortion 
pattern has fairly uniform circumferential and angular extent distortion elements. There is no multiple-per-rev content. The 
tip-radial-distortion content is not as uniform as might be desired. 

 

Figure 18 - 180 degrees 1/rev + tip-radial combined distortion pattern 
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4.4.6 90 Degrees One-Per-Rev + Tip-Radial Combined Distortion Pattern 

The information relevant to this pattern is given in Figure 19. This 90 degrees one-per-rev + tip-radial combined distortion 
pattern has essentially uniform circumferential and angular extent distortion elements. There is no multiple-per-rev content 
in this pattern. The nonuniformity of the tip-radial content is similar to that of the 180 degrees one-per-rev + tip-radial 
combined distortion pattern. 

 

Figure 19 - 90 degrees 1/rev + tip-radial combined distortion pattern 
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4.4.7 Two-Per-Rev with Lows Closer than 25 Degrees and with Tip-Radial Distortion Pattern 

The information relevant to this pattern is given in Figure 20. This pattern is treated as a one-per-rev pattern which has a 
nearly uniform circumferential extent of approximately 140 degrees. The circumferential distortion level is nearly uniform 
ring-to-ring with a value of approximately 0.07, and the radial distortion is located at the tip with a value of 
approximately 0.02. 

 

Figure 20 - Two/rev with lows closer than 25 degrees and with tip-radial distortion pattern 
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4.4.8 Two-Per-Rev with Lows Further Apart than 25 Degrees and with Tip-Radial Distortion Pattern 

The information relative to this pattern is given in Figure 21. The multiple-per-rev descriptor element for this pattern has a 
value of almost two, making it a “bona fide” two-per-rev pattern. The extent of the largest low-pressure region is 
approximately 71 degrees. The circumferential distortion is essentially uniform from hub to tip with a value of approximately 
0.07 and a tip-radial-distortion value of approximately 0.02. 

 

Figure 21 - Two/rev with lows further apart than 25 degrees  
and with tip-radial distortion pattern 

  

Full document details: SAE AIR1419D

http://www.avadocuments.com/doc/sae-air1419d
http://www.avadocuments.com/doc/sae-air1419d

