INTERNATIONAL-

AEROSPACE

RECOMMENDED PRACTICE

ARP6420™

Issued

2021-01

Guidelines for Characterization of Gas Turbine Engine
Total-Pressure, Planar-Wave, and Total-Temperature Inlet-Flow Distortion

RATIONALE

The SAE S-16 Turbine Engine Inlet Flow Distortion Committee has developed an Aerospace Recommended Practice (ARP)
and Aerospace Information Reports (AIR) describing measurement stations and techniques, and descriptors for different
types of inlet total-pressure, planar-wave, and total-temperature distortion. There has been broad acceptance of these
descriptors by the industry. Although a treatment for swirl distortion has been proposed, no methodology for swirl distortion

has gained wide accept:

include it. This document provides a single source that contains the recommended measurement
and descriptors for total{pressure, planar-wave, and total-temperature inlet distortion.

The most important consideration for successful correlation of data is consistency._throughout th
programs. Consistency gf instrumentation and data reduction techniques should-be maintained thrg
The physical layout of the Aerodynamic Interface Plane (AIP), data acquisition, filtering techniq
agreed upon by all parties (certifying agencies, airframers, engine manufs
and should be invariant throughout the program:>The program should co
hnd flow fields being evaluated when designing;an air vehicle test progran.

processes should all be
flight test organizations)
of testing, flow physics,

This report is published by SAE to advance the state of technical and engineering sciences. The us
voluntary, and its applicability and suitability for any particular use, including any patent infringen
the user. This document has been cleared for public release per Case

the sole responsibility o
0192.

FOREWORD

NOTICE

iment will be updated to
stations and techniques,

e ground and flight test
ughout the test program.
ues, and data reduction
cturers, and ground and
hsider the ultimate goals

e of this report is entirely
ent arising therefrom, is
Number AFLCMC-2020-

SAE Executive Standards Committee Rules provide that: “This report is published by SAE to advance the state of technical and engineering sciences. The use of this report is
entirely voluntary, and its applicability and suitability for any particular use, including any patent infringement arising therefrom, is the sole responsibility of the user.”

SAE reviews each technical report at least every five years at which time it may be revised, reaffirmed, stabilized, or cancelled. SAE invites your written comments and

suggestions.
Copyright © 2021 SAE International

All rights reserved. No part of this publication may be reproduced, stored in a retrieval system or transmitted, in any form or by any means, electronic, mechanical, photocopying,
recording, or otherwise, without the prior written permission of SAE.

TO PLACE A DOCUMENT ORDER:

SAE WEB ADDRESS:

Tel: 877-606-7323 (inside USA and Canada)
Tel: +1 724-776-4970 (outside USA)

Fax: 724-776-0790

Email: CustomerService@sae.org

http://www.sae.org

For more information on this standard, visit
https://www.sae.org/standards/content/ARP6420/



https://www.sae.org/standards/content/ARP6420/
https://saenorm.com/api/?name=805919586e2e99b4dc7b8b9707134d2c

SAE INTERNATIONAL ARP6420™ Page 2 of 34

—_—

w NN
WN o
N

&

oo oo
N2 A a
AOWON -

10.
10.1
10.11
10.1.2
10.1.3
10.2
10.2.1
10.2.2
10.2.3

TABLE OF CONTENTS

ST OO ] ] OSSPSR 4
REFERENGES . ...ttt ettt ettt ettt e e ettt e e sttt e e e st et e e e smtaeeeesntaeeeeenteeeeeastaeaesanseeeeeansaeaesanseneesnnsneaeanns 4
P Y o] o] 1 ez= o] (T8 B o TeTU /g [=T 0 ) -SSR 4
TN = 0] ][ Tr=1 1 o] o PR 4
(01 [T Y o] o] oz=1 o] [T B o o104 g [=T 0 TSP 4
=] 71 1o ) o SRS OUPRRTURRRN 5
SYMDIOIS .ttt oot e e e e et — e e e e e e e e e —————eaeeeaa e ——————eeeeeeaa—————aeaeeeaaaa——a—aaeaeeaaaanrrraaaaaaen 5
STABILITY MARGIN ...ttt ettt e ettt e e ettt e e sttt e e e sttt e e e saseeeeeansseeeesnnseeeeanseeeesanneeeens 8

DATA ACQUISITION AND HANDLING ... ..ottt ettt e e e e e e e e e e e e e ee e e eaeaeees 29
Frequency, Sampling Rate, and Filtering ReqUIreMeENnts ..........coocuuiiiiiiiiii e 29
Total-Pressure DISTOMTION .........ooovueiee e e et e e e e e e e et e e e e e e e e eeaaaaeeeeeaeeeensanns 30
Planar-Wave DiStOrtiON ...........oooiiiiieeeee oo et e e e e e e et e e e e e e e e eeeetaeaeeeeeeeesraaaneeeeaeees 31
Total-Temperature DIiSTOrtioN ... ..o et e e e e e e e e e e e e e e e e e e e e s nneneeeeaaeeeaannes 31
ST g TTo ) SRR 32
Total-Pressure DiStOrtiON ..o ——— 32
Planar-Wave DiSTOrtION ...........ueiiiiiiiiiiiiiiiiiieiieeee e eeeee e e e eeeaeeseeete e ssesessssesssssssssssesesssssnsssnsssnsnsnsnsssnnnnns 32

Total-Temperature DIStOrtiON ... 33


https://saenorm.com/api/?name=805919586e2e99b4dc7b8b9707134d2c

SAE INTERNATIONAL ARP6420™ Page 3 of 34

10.3

10.3.1
10.3.2
10.3.3

11.
11.1

Figure 1
Figure 2
Figure 3
Figure 4
Figure 5
Figure 6
Figure 7
Figure 8
Figure 9
Figure 10

Table 1
Table 2

(D= = =T Lo | 11 o T R PR PPPTT 33
= Le= B (=Y oY= = o) o SR 33
)= L= =Y [T (o T o SRR 33
Data Transfer and STOrAgE .......ooiiiiiiii ettt ettt et e e anneee s 33
N[O I RSP 34
XAV ] (o] g T [ o [Tz o] A PO PP OPTPPPPP 34
ARP 1420 stability margin definition ... e 8
Ring circumferential distortion for @ one-per-rev pattern ...........ccoociiiiie e 12
Ring circumferential distortion for a multiple-per-rev pattern.............ccccceee i, 13
Radial distortion Pattern ... ..ot e e e e e e e e e e e neeaaeeas 15
Categorization of planar Waves N INIELS ...........ooiiiii e 17
Ring circumferential distortion for a one-per-rev pattern ... 20
Ring circumferential distortion for a multiple-per-rev pattern ... oooiiii i 21
Hub radial distortion pattern ... N 23
Compressor map characteristics with total-temperature distortion.................al. e o 25
Probe ofientation-view aft looking forward.............ccccoooviiiiieeeeeeiiiceeee e 27
Similituge ratios.........eeevviiiiii e S T e, 24

Data scaling guidelines: Strouhal number constant (same Reynolds.number and Mach number)............ 31



https://saenorm.com/api/?name=805919586e2e99b4dc7b8b9707134d2c

SAE INTERNATIONAL ARP6420™ Page 4 of 34

1. SCOPE

The turbine-engine-inlet flow distortion descriptors summarized in this document apply to the effects of inlet total-pressure,
planar-wave, and total-temperature distortions. Guidelines on stability margin, destabilizing influences, types and purposes
of inlet data, AIP definition, and data acquisition and handling are summarized from AIR5866, AIR5867, ARP1420, and
AIR1419. The degree to which these recommendations are applied to a specific program should be consistent with the
complexity of the inlet/engine integration. Total-pressure distortion is often the predominant destabilizing element that is
encountered and is often the only type of distortion to be considered, i.e, not all types of distortion need to be considered
for all vehicles.

2. REFERENCES

2.1 Applicable Documents

The following publicatio

s form a pnrf of this document to the extent epnhifind herein The latest i

sue of SAE publications

shall apply. The applica
event of conflict betweer
Nothing in this docume
obtained.

2.1.1  SAE Publication

Available from SAE Inte
and Canada) or +1 724-

ble issue of other publications shall be the issue in effect on the date of th
the text of this document and references cited herein, the text of this.docy
t, however, supersedes applicable laws and regulations unless ‘@)spec

[

national, 400 Commonwealth Drive, Warrendale, PA15096-0001, Tel: 87
776-4970 (outside USA), www.sae.org.

e purchase order. In the
ment takes precedence.
fic exemption has been

7-606-7323 (inside USA

AIR1419 Inlet Tofal-Pressure-Distortion Considerations for Gas<Turbine Engines

AIR5686 A Methqdology for Assessing Inlet Swirl Distortion

AIR5687 Inlet/Engine Compatibility - From Model todRull Scale Development

AIR5866 An Assgssment of Planar Waves

AIR5867 Assessment of the Inlet/Engine Temperature Distortion Problem

AIR6345 Procesding and Validating CFD Data for Estimating Inlet Dynamic Total-Pressure |Distortion

ARP1420 Gas Tuibine Engine-inlet Flow Distortion Guidelines

2.1.2  Other Applicabl¢ Documents

21.21

Lytle, J., “The
Research Cer

Numerical Propulsion System Simulation: An Overview,” NASA TM-2000-209915, NASA Glenn

4 1 faYaYaVal
T, JUITIT ZUUVU.

21.2.2 Steenken, W., “Planar Wave Stability Margin Loss Methodology,” AIAA 1988-3264, AIAA/JASME/SAE/ASEE 24th

Joint Propulsion Conference, Boston, Massachusetts, July 11-13, 1988.

2.1.2.3 “Guide for the Verification and Validation of Computational Fluid Dynamics Simulations,” AIAA G-077-1998.

2.1.2.4 Babcock, D. and Mani, M., “BCFD Predictions of Steady-State and Dynamic Distortion for the 3rd AIAA Propulsion
Aerodynamics Workshop,” AIAA 2017-4836, July 2017.

2.1.2.5 Brimelow, B., Collins, T., and Pfefferkorn, G., “Engine Testing in a Dynamic Environment,” AIAA 1974-1198,
AIAA/SAE 10th Propulsion Conference, San Diego, CA, Oct. 21-23, 1974.

21.2.6 Plourde, G. and Brimelow, B., “Pressure Fluctuations Cause Compressor Instability,” Proceedings of the Air Force
Airframe-Propulsion Compatibility Symposium, AD0876608, June 1970.
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ro-engine Intake Duct,” Aerospace Science and Technology 78, 2018.

Probes,” NASA TM-2009-215632.

2127

74-121.
2.1.2.8

a Complex Ae
2.1.2.9
2.2 Definitions

Jacocks, J. and Kneile, K., “Statistical Prediction of Maximum Time-Variant Inlet Distortion Levels,” AEDC-TR-

Tanguy, G., MacManus, D., Garnier, E., and Martin, P., “Characteristics of Unsteady Total-pressure Distortion for

Arend, D. and Saunders, J., “An Experimental Evaluation of the Performance of Two Combination Pitot Pressure

ELEMENT(S): Circumferential- and radial-distortion elements are non-dimensional numerical representations of distortion
at the AIP, described on a ring-by-ring basis. There are four fundamental total-pressure-distortion elements defined in
ARP1420 including the circumferential distortion intensity (APC/P), circumferential distortion extent (6-), circumferential

HE=H P~

i AMPRY _ond cadial ot naibhLAPRR /D)

fements are also defined

distortion multiple-per-r
for total-temperature dis

DESCRIPTOR(S): Desc
using some combinatio
including, for example, t

valtion. o iatartian—int o
VOTOTOTT COUTTICTTIC(IVIT TV arta- radrar UrStoT o ImTiteTTiST

ortion in AIR5867. Other ring-by-ring basis elements can be defined.

Cy \(O3F T\ orrar o

riptors are non-dimensional numerical representations describing-inlet dis
n of ring-based distortion elements. There can be any number, of disto
vo-ring or five-ring averages of the circumferential pressure-distortion inten

averages of the radial pressure-distortion intensity (APR/P).

CORRELATION(S): Cor
distortion descriptors.

stability-pressure ratio tg
APRS, given by Equatio
2.3 Symbols

C

Ci
CTi

C(v)

fr

Felations are non-dimensional numerical equations¢having a unique ¢
The weightings are empirical sensitivities relating the loss of ¢
inlet distortion. One such example is loss of stability-pressure ratio due to
h A9 of ARP1420.

Constant that relates the root-meadn:*square of the loss of stability pressur
loss of stability pressure ratio

Offset term for ring i (empirically determined)
Offset term for ringsi~(empirically determined)
Covariance

Frequengy over the range of interest

Frequency, full scale

tortion levels at the AIP,
tion descriptors defined
sity (APC/P), or two-ring

pmbination of weighted
bmpression component
total-pressure distortion,

B ratio to the maximum

fm

KCi
Kpw
KRi

KTCi

Frequency, model scale
Maximum frequency of interest
Ring number

Rake number

Circumferential total-pressure-distortion sensitivity of ring i (empirically determined)

Component sensitivity to planar waves

Radial total-pressure-distortion sensitivity of ring i (empirically determined

)

Circumferential total-temperature-distortion sensitivity of ring i (empirically determined)
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KTRi Radial total-temperature-distortion sensitivity of ring i (empirically determined)
L Characteristic length

It Characteristic length, full scale

Im Characteristic length, model scale

MPR Multiple-per-rev element

N Number of rings

P Pressure

P Mearttme=averaged)totat pressure-at the AP

Popak Maximum peak-to-peak pressure ratio of planar wave

'PRMS Root-mean-square pressure ratio of a planar wave

P(ty) Non-dimensional time-dependent planar wave at time t«

PAVi Ring i average total pressure

PAVLOW; Average low total pressure in ring i

Pi(B) Function resulting from a linear fit betweéen points of ring i total pressures
PR1 Undistorted flow stability-limit-line tetal-pressure ratio

PRDS Distorted flow stability-limit-linestotal-pressure ratio

PRO Operating-line total-pressure ratio

R(i) Radius of ring i

Rin Hub radius

Rout Outer radits

SM Stability margin

T Temperature

Toaf Ambient air and exhaust gas mixture total temperature at equivalent cross-sections A, full scale
Toar Ambient total temperature, full scale

Toam Ambient total temperature, model scale

Toer Exit total temperature, full scale

To,em Exit total temperature, model scale

Taf Ambient temperature, full scale

Tam Ambient temperature, model scale
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TAV;
TAVHI;
TFAV
T(8)i

tr

tm

Uem
Ui

Uim
(),
(%),
APRMS

APRS

ASM
(),
(),

Ring i average total temperature

Average high total temperature in ring i

Compressor face average temperature

Function resulting from a linear fit between points of ring i temperatures
Time, full scale

Time, model scale

Ambient velocity in the axial direction, full scale

Aeabo ol e madalcaal
L% —a

bient-relocity-a-the-edat-cirectionmodel-seate
Exit velocity in the axial direction, full scale

Exit velocity in the axial direction, model scale
Inlet velocity in the axial direction, full scale

Inlet velocity in the axial direction, model scale

Circumferential total-pressure distortion intensity of ring i

Radial total-pressure distortion intensity’of ring i

Change in root-mean-square total*pressure
Loss of stability pressure fatjo

Loss of stability margin

Circumferentiahtotal-temperature distortion intensity of ring i

Radial total<temperature distortion intensity of ring i

Cirecumferential angle around ring measured from top dead center, degresg

Circumferential extent of largest region of ring i with temperature above ring i average, degrees

Circumferential extent of largest region of ring i with pressure below ring i average, degrees

Circumferential extent of kth region of ring i with pressure below ring i average, degrees

Ambient density, full scale
Ambient density, model scale
Exit density, full scale

Exit density, model scale
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T Lag time, seconds

0] Power spectral density of the waveform formed by the spatial average of the AIP non-dimensional
total-pressure waveform at each time step

3. STABILITY MARGIN

Quantitative evaluations of compression-component stability are necessary to provide technical visibility relative to target
levels during engine development programs. This is accomplished by using the following definitions to quantify the available
stability margin and applicable compression-component destabilizing influences. Test data are required inputs to the stability
margin calculations.

The available stability margin for a specific compression component at a given corrected airflow is defined as the difference
between the clean-inlet-flow stability-limit-line total-pressure ratio and the operating-line total-pressure ratio

non-dimensionalized by the-operatingline-total-pressureratio—tr-pumerical-terms-with-referenree-to Figure 1:

PR1-PRO
SM = (W) x 100 (Eq. 1)

UNDISTORTED FLOW
STABILITY LIMIT LINE\

PRESSURE
RATIO
(PR}
DISTORTED

FLOW
STABILITY LIMIT
LINE

! OPERATING AIRFLOVY
i
]

CORRECTED AIRFLOW |

Figure 1 - ARP1420 stability margin definition
The loss of stability pressure ratio is defined as the decrease in total-pressure ratio relative to the stability-limit-line

total-pressure ratio non-dimensionalized by the stability-limit-line total-pressure ratio, all at constant corrected airflow.
Numerically and with reference to Figure 1, it is defined as:

APRS = (%;RDS) % 100 (Eq.2)
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The loss in stability pressure ratio as it relates to available stability margin is defined as the decrease in total-pressure ratio
relative to the undistorted stability limit line total-pressure ratio non-dimensionalized by the operating line total-pressure
ratio, all at constant corrected airflow. Numerically and with reference to Figure 1, it is defined as:

ASM = x 100

(PRl—PRDS) (Eq. 3)

4. STABILITY ASSESSMENTS

Assessments should be carried out regularly and in increasing detail throughout the development and life cycles of a
propulsion system. A stability assessment provides quantitative estimates of the effects of inlet distortion and other
destabilizing influences on compression-component stability. The assessment should be performed in a manner to reveal
the stability margin usage by accounting for the factors that lower the compression-component stability limit line and/or raise
the compression-component operating line. The assessment, performed at constant corrected engine airflow (the matched
inlet-engine corrected ai i i i i stem operating condition
being investigated), reqtires that compression-component stability limit lines be defined over,thg entire corrected-airflow
operating range for eachl compression component.

Factors to be considere, if appropriate, include external destabilizing factors and intetnal destal
destabilizing factors car] include but are not limited to time-variant inlet total-pressure distortion,
total-pressure oscillatiops), time-variant inlet total-temperature distortion, inlet/swirl distortion,
distortion. Internal destapilizing factors can include but are not limited to component interactions, ¢
variation due to manyfacturing tolerances, control tolerances, variablesgeometry position,
operating-point shift with|distortion, Reynolds number effects, compression.component bleed, intra-
bleed, and horsepower gxtraction.

The effect of each fact
destabilizing factors is ¢
combined for each type
other effects of factors 3
combining individual effe

or is expressed as a change in stability margin. The loss in stability
pmputed from the distortion-descriptor €lements and their respective sen
of distortion. Some effects of factors‘are cumulative and should be adde

cts should be delineated and supported by test experience.
Total-pressure distortio]

inlet-distortion effects to
component.

h transfer coefficients and total-temperature generation coefficients
the downstream compression components. Stability assessments are ma

Stability assessments should be conducted at the Mach numbers, altitudes, airflows, and engine
conditions (angles of attack and sideslip) necessary for performance and operability verification, i
inlet recovery and the effects of any\compression-component rematch.

5. TESTING

bilizing factors. External
planar waves (in-phase
and exit static-pressure
eterioration, component
power-lever transients,
compression component

margin for the external
sitivities, which are then
d algebraically, whereas

re random and should be added,_ statistically (ARP1420, AIR1419). The method and rationale for

are used to transfer
e for each compression

bperating and maneuver
ncluding the appropriate

Testing durin ropulsiomsystemdevetopmentand-throughout-the-vehicte tifecyctemay berequir
y MV Y y y Y

ed to develop and verify

stability and performance assessments. The validity of the assessments depends on the quality of the data generated during

the testing effort.

5.1 Test Planning

A master test plan should be developed early in the program. This test program, which defines test techniques,

instrumentation, data management, test equipment and procedures, and the analysis and comm
should be agreed upon by all involved parties.
5.1.1 Testing Scope

Tests that may be required prior to production will depend on the propulsion system under develo
and test objectives follow.

unication of test results,

pment. The types of test
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5.1.2 Inlet and Aircraft Component Tests

These tests include scale-model inlet/forebody tests, control bench tests, and full-scale or larg
control. The objective of these tests is to provide data for inlet development, distortion level
off-schedule geometry and bleed effects, inlet stable flow range, and definition of control system/in

5.1.3 Engine and Engine Component Tests

e-model tests with inlet
and pattern definition,
let destabilizing effects.

These consist of compressor, diffuser, control, burner, augmentor, fuel system, and engine tests, with and without inlet
pressure distortion. The objective of the tests is to provide data for distortion-descriptor development, control and sensor
development, scheduled and off-schedule geometry, bleed effects, Reynolds number effects, component interactions,
engine performance, and stability evaluation. Stability data should be obtained whenever practical.

5.1.4 Propulsion System Tests

These tests consist of st:latic, simulated altitude, and flight tests. The objectives of the tests are to €y
stability, system operatipnal characteristics, failure modes, and control interactions throughout
envelopes.
5.2  Stability and Perfdrmance Tests

ted at environmental conditions representative of projected mission-relat
hditions must be defined and should include the follewing:

Tests should be condug
and engine operating co

a. Inlet: Inlet configuration details, mass flow ratio, corrected airflow, Reynolds number, Mach n
attack and sideslip, and bleed flows
b. Engine: Engine corffiguration details, operating corrected -speeds, corrected airflow, bleed

pl function (steady-state or transient), operating mode (afterburning,
al pressure and total temperature;yand compressor inlet total-pressure

requirements, contr
compressor-face tof
values)

Engine tests provide data for verification of stabilitylassessment line items, stability audit methodolo
stability demonstration,

compressor speed, compressor airflow, and.gfficiency changes are obtained from tests on represeg

During stability testing, gngine operation.in-the region above the maximum predicted operating line
stability pressure ratio $hould be accomplished whenever practical. Stability data for the stab
obtained by use of compressor doading techniques that account for engine control logic and
Documentation should ipclude <eperating-line excursions caused by the primary stability degrad
distortion and control requireménts. The compressor stability margin utilization estimated for engi
deterioration should be Yerified on the basis of life-cycle and/or service engine tests of production

hluate propulsion system

he flight and maneuver

bd flight conditions. Inlet

imber, aircraft angles of

flows, power extraction
non-afterburning, etc.),
distortion pattern (probe

gy at critical flight points,

nd documentation. Compressor stability-limit-line and stability-margin utiligzation data together with

ntative components.

and below the predicted
lity assessment can be
mechanical limitations.
ng factors such as inlet
ne aging factors such as
engines.

If distortion effects are demonstrated to have a strong effect on thrust, then the sensitivity must be

6. TYPES OF DISTORTION

determined.

In the following subsections, the equations for the distortion elements for total-pressure, planar-wave, and total-temperature
distortions are provided. The total-pressure, planar-wave, and total-temperature distortion elements are developed from

measurements made using a ring-rake array located at the AIP (see Section 7).

6.1 Total-Pressure Distortion

The equations and figures defining the total-pressure distortion elements are described in the sections below. Additional

information about total-pressure distortion can be found in ARP1420 and AIR1419.
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Total-pressure distortion can be described as a spatial variation in total pressure at the AIP. There are both steady-state
and time-variant (dynamic) components of total-pressure distortion. Steady-state total-pressure distortion is the spatial
variation in time-averaged total pressure across the AIP. Time-variant total-pressure distortion is determined from
measurements of total pressure using high-response pressure sensors located at a number of locations at the AIP. The
peak distortion pattern that is present for a time period that could cause a destabilizing engine response, typically on the
order of one-half to one rotor revolution, represents the peak, e.g., destabilizing, total-pressure distortion.

6.1.1  Stability Pressure-Ratio-Loss Correlation
The loss of stability pressure ratio due to total-pressure distortion, expressed as a percent of the undistorted stability

pressure ratio, is determined using the distortion correlation, APRS, as expressed in Equation 4. Total-pressure distortion is
described in terms of circumferential and radial distortion elements.

APRS =3I [KC x (25) + KR, x (*2£) + ;| x 100 (Eq. 4)

where the distortion elements are:
N = number of instrymentation rings
KCi = circumferentig| total-pressure distortion sensitivity of ring i (empirically determined)
KRi = radial total-prgssure distortion sensitivity of ring i (empirically determined)
(APC/P); = circumfefiential total-pressure distortion intensity of ring i defined in Equation 6
(APR/P); = radial total-pressure distortion intensity of ring i defined in Equation 16
Ci = offset term for rjng i (empirically determined)

6.1.2 Total-Pressure Distortion Elements

The equations and figurés defining the total-pressure distortion elements appear in the sections bglow.

The Aerodynamic Interface Plane (AIP, defined*and described in Section 7) total-pressure probe data are used to describe
inlet total-pressure distoftion directly in terms-of the instantaneous total-pressure contours (pattern)[and numerically in terms
of distortion descriptors {hat are related 4o the severity of the distortion. Distortion descriptors provigle a means of identifying
critical distorted inlet-floy conditions,and‘of communicating during propulsion system development aind life cycles. Distortion
elements have been ideptified for@se in creating a distortion sensitivity correlation for a particular [engine. These elements
are combined to define ¢ach distortion descriptor system. The distortion elements are used to qugntify the distortion at the
AIP Fundamental to the distortion elements is the set of total pressures that are used to decribe the total -pressure

elements, wh|ch are calewia a ring-by-ring baS|s Inlet
spatial distortion is described in terms of C|rcumferent|al and rad|al 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.

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

b. Extent: The circumferential distortion extent element (67) is the angular region, in degrees, in which the total pressure
is below the ring-average total pressure.

c. Multiple-per-Revolution: The circumferential distortion multiple-per-revolution element (MPR) is a numerical indication
of the “effective” number of low total-pressure extents for each ring.
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The radial-distortion intensity element (APR/P) describes the difference between the ring-average total pressure and the
face-average total pressure for each ring. Both positive and negative values of radial intensity are possible. Positive values
reflect a ring-average total pressure that is below the face-average total pressure.

6.1.3 Distortion Elements for Total-Pressure Distortion

The numerical calculations of the distortion elements are summarized in this section. These elements are used in
determining the stability margin for an engine. More information about total-pressure distortion can be found in ARP1420
and AIR1419.

6.1.3.1  Circumferential Distortion Elements

As described in 6.1.2, circumferential distortion is calculated on a ring-by-ring basis in terms of intensity, extent, and
multiple-per-revolution elements. The intensity or level of distortion is a numerical indication of the magnitude of the
tota|_pressure distortion —Fhe-extent-element-is—a-numerical-indication of-the circumferential size fthe low tota|_pressure
region. The multiple-perirevolution element is a numerical indication of the equivalent number_af'dircumferential regions of
low total-pressure.

6.1.3.1.1 One-Per-Rgv Patterns

The “intensity” and “extgnt” elements of circumferential distortion are obtained by linear interpolatipn of the total pressures
in a given instrumentatign ring. An example of total pressures for the probes in-the it ring for a ome-per-revolution pattern
(one total-pressure defect in 360 degrees) is shown in Figure 2. Theta minds,'¢;", is the circumfgrential extent of the low
total-pressure region. It js defined by the intersection between the ring average total pressure anf the linear interpolation
which subtends the low fotal-pressure extent (02 - 01).

A
jua)
|

o PAV,

Total Pressure P(8)

-apl\as o o o - -----.PAVLOWi

0 01; 02; 360

Circumferential Location (Degrees)

Figure 2 - Ring circumferential distortion for a one-per-rev pattern

Extent: 8, = 0,; — 04; (Eq. 5)
APC PAV—-PAVLOW
Intensity: (—) = (—) (Eq. 6)
P /; PAV i
where:
360
PAV; = %fo P;(6) dO (ring i average total pressure) (Ea.7)

Pi(6) is a function resulting from a linear fit between the data points of ring i.
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PAVLOW; = 6% 9912.1' P;(8) d6 (average low total pressure in ring i) (Eq. 8)

Because this is a one-per-rev pattern, the multiple-per-rev distortion element is defined as:
Multiple-Per-Rev: MPR; = 1 (Eq. 9)
6.1.3.1.2  Multiple-Per-Rev Patterns

The circumferential distortion intensity extent elements for multiple-per-revolution distortion patterns are also determined by
a linear interpolation procedure. A pattern with two low total-pressure regions relative to the ring average separated by two
high total-pressure regions of extents 6;; and 8}, is shown in Figure 3. In all that follows, the analytical expressions will be
written for the k-th low-total-pressure region for Q low-total-pressure regions per ring. The intensity and extent elements of
each low-total-pressure region are calculated using Equations 5 and 6.

<— oy —>l€— ¢f| € Gip —> € gh >
TOTAL —_ —\ (PAV).
PRESSURE I
(P)
o1 e 03i 04

CIRCUMFERENTIAL LOCATION (DEGREES)

kigure 3 - Ring circumferential distortion for a multiple-per-rev patteri

-

6.1.3.1.2.1  Patterns yith 6% <96,

If the pattern has low totarl-pressure regions circumferentially separated by high total-pressure regigns with extents less than
or equal to @}, , it is considered as an equivalent one-per-revolution low total-pressure region and the
multiple-per-revolution element is 1.0. 8.}, is specified by the descriptor system developer. A value of 6., of 25 degrees
is suggested in the absence of other information.

Extent: 6; = X2, 6; (Eq. 10)

From Figure 3, 6; = (6, — 6,); + (6, — 65);:

) APC PAV—-PAVLOW
Intensity: T = T _ (Eq. 11)
i i
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where:

Hence,

6.1.3.1.2.2

If the pattern has low-total-pressure regions circumferentially separated by high-total-pressure reg

than 6,;,, then the multi

A
Intensity (%). is the (
i

Extent: 8; is the 6, corfesponding to the maximum value of [( ) Oix |-
ik

The multiple-per-revolut
based on the ratio of th
given by the equation:

6.1.3.2 Radial Distort

The radial distortion inf

ring-average total pressyre, divided by thé face-average total pressure. Both positive and negative

are considered; positive
pattern is illustrated in F
the radial intensity is giv

1
PAVLOW; = Ezgﬂ fei—kP(H)i dae

39,

P ik ”‘]
Q —
Zk=1 gik

APC

Intensity: ( >

)

Multiple-Per-Rev: MPR = 1

Patterns with 8, > 6},

(Eq. 12)

(Eq. 13)

(Eq. 14)

le-per-revolution element is greater than one.

\PC APC -
—) corresponding to the maximum value of [(—) Hik].
P Jik P ik

APC
P

on term is defined as the number of equivalentilow-total-pressure region
b total integrated area beneath PAVi in Figure’,3 to the largest single are

Zg:l (A:%C)ikgi_k]
(APC

)l

Multiple-Per-Rev: MPR; =

[
max[
on Elements

ensity of a ring is (defined as the difference between the face-average

values reflect awring average total pressure that is below the face avera
gure 4. Thelarrows indicate the difference in radial total pressure for ring

ons with extents greater

5, the equivalence being
a beneath PAV.. This is

(Eq. 15)

total pressure and the
values of radial intensity
pe. A tip-radial distortion
b. For the general ring, i,

where PFAYV is the area-

BN as:
_ APR PFAV—-PAV;
Intensity: = (Eq. 16)
p /; PFAV
weighted average total pressure:
PFAV = % N PAV, (Eqg. 17)


https://saenorm.com/api/?name=805919586e2e99b4dc7b8b9707134d2c

SAE INTERNATIONAL ARP6420™ Page 15 of 34
© o)
RING AVERAGE O
TOTALPRESSURE [= — — — =— — — = =— =) — =—(PFAY)
(PAV). T
o)
(A;R)S
(PAV),
UB RADIUS TP

6.2 Planar Waves

The equations defining
accounting for planar wa|
information can be foung

Planar waves are time-
waves include both inl
boundary layer separat
inlet/engines, instabilitie
control system inputs. H
booms, antennas, bomb
found in AIR1419. Addit
6.2.1  Definition of Pla
Planar waves are defing
array for the total-pressu
filtered to a frequency sy
speed of the engine. The
about the mean steady-

Figure 4 - Radial distortion pattern

planar waves, methods of addressing the presence)of planar waves
es), and the categorization of types of planar waves are described in the s
in AIR5866.

variant one-dimensional changes in full engine-face total pressure. Rep

on, shock/boundary layer interactionsg>supersonic flight buzz/unstart, in
5 during subsonic and supersonic flight at low mass flows, and superson
xternally-generated total-pressure oscillations include vortices and waks
bay doors, and other external geometry features (protuberances). Backgn
onal supporting information:can be found in AIR5866.

nar Waves
H by the manner in which all the AIP total-pressure probes (see 7.1 for the
re probes) respond relative to the time-averaged total pressure. The indi

ecified by the.engine manufacturer, typically commensurate with one-half

state total*pressure at the AIP.

In equation form, the me

(avoidance or stability
bctions below. Additional

orted sources of planar

bt-generated and externally-generated disturbances. The inlet-generateéd disturbances include

teractions with adjacent
ic-inlet response to inlet
s from nose gear, nose
ound information can be

recommended ring-rake
idual pressures are first
- to one-per-rev at 100%

time-variant'planar wave is defined as the variation of the face-average tie-variant total pressure

ab-(time-averaged) total pressure at the AIP is defined as:

where:
Pi(ty) = the total pres

M = number of time

= 1 lynN p
p oo iztancol

sure at the i-th probe for the k-th time step

steps in the total-pressure sample

N = the number of working and/or substituted total-pressure probes at the AIP

(Eq. 18)
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Then, the non-dimensional time-dependent planar-wave total-pressure ratio at time k is defined as:

J

This operation “averages out” much of the random content at the AIP and leaves the non-random content — the planar wave.

[P;(tx)—P]

P(te) = 3, {E (Eq. 19)

The planar wave content for a test or flight condition is expressed as a numerical value, typically as a maximum peak-to-peak
value or a root-mean-square (rms) value of the waveform taken over the M time steps of the total-pressure samples. Limiting

values will be defined by the engine manufacturer.

The root-mean-square v

alue of the planar-wave pressure is defined as:

Prus = 1/% W [P(ty) — 1]2

(Eq. 20)

The inlet airframe comnpunity uses a parameter usually called “SUM40” which often is monitore

parameter is equivalent
In the absence of a supy

In the case of the maxin
is defined using adjace
sample.

o pRMS- The engine manufacturer is responsible for supplying the\imiting
lied value, 1.5% is often used as the limiting value.

nt maximum and minimum waveform values or the miaximum and the n

 during inlet tests. This
value of this parameter.

um peak-to-peak value, the definition provided by the engine manufacturer will address whether it

ninimum from the whole

If the planar wave is sindisoidal or near sinusoidal, then the relationship of'the rms to the peak is s{raightforward.

6.2.2 Methodologies fi
When the peak values of
in one of two ways: (1) 4
below.
6.2.2.1  Avoidance of
Avoidance of the impact
the airframer modifying

airframer has exhausted

range at a given Mach n
the “idle airflow lockup”

1

Popax = —8&
PEAK 0.70% RMS

br Addressing Planar Waves Exceeding Limits

voidance or (2) estimating the loss of stability pressure ratio. These are ¢

Planar Waves

of planar wayes beyond the level prescribed by the engine manufacturer
he design-of. the inlet system to lower the level of planar waves to an ac
use of design changes and the level of planar waves at flows within the
Limbef,still exceeds the allowable limit, then it may be possible for the engi
schedule assuming that the idle airflow remains low enough that the airf

decel requirements.

(Eq. 21)

the planar wave exceed the limitprovided by the engine manufacturer, plafar waves are addressed

escribed in the sections

is usually addressed by
ceptable level. Once the
engine airflow operating
ne manufacturer to raise
framer can meet aircraft

Thus, the preferred method of addressing planar waves is for the airframe and engine manufacturers to work together to
find a workable method that keeps the magnitude of the planar wave below the limit defined by the engine manufacturer. If
the planar wave values still exceed the limits provided by the engine manufacturer, then estimates of the loss of stability
pressure ratio due to planar waves must be made and included as a line item in stability assessments.

6.2.2.2 Estimating the Loss of Stability Pressure Ratio Due to Planar Waves

Estimating the loss of stability pressure ratio due to planar waves requires addressing the effects on both the stability limit

line and the operating line. The manner in which estimates of the loss of stability pressure ratio are made is often dictated
by the nature of the planar waves and the manner in which the sensitivities to planar wave were (or are) derived.
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6.2.2.2.1  Categories of Planar Waves

The categorization of planar waves requires examination of the planar waveform using power spectral density (PSD)
analysis. Inlet-produced planar waves typically fall into one of four categories as follows:

a. Sinusoidal: The PSD of face-average total-pressure recovery shows that all energy is predominately at one specific
frequency. Inlet buzz and subsonic low-airflow instability are typical sources of this type of planar wave.

b. Periodic: The PSD of face-average total-pressure recovery shows that energy of the wave occurs at several specific
frequencies. Inlet low-flow instability is a typical source of this type of planar wave.

c. Random: The PSD of face-average total-pressure recovery shows that energy of the wave is distributed over a broad
range of frequencies. Armaments and weapons bay doors are typical sources for these types of planar waves.

d. Random plus harmeric—Hhe-RSD-shows—a-distribution-of-energy-overa-broad—range-effrequencies, punctuated by
peaks of energy at dne or more frequencies. Nose landing gear can produce this type of plangr wave.

Examples of the wavefofms and the associated power-spectral densities are illustrated schématicglly in Figure 5.

Tyges of PSD _
planar P(t) VS Typical
wavyes waveform Freg sources

Sinysoidal| —4-AAA— |psD ] Inlet byzz
o = Low flgw
Peripdic %— PSD || | _1___ | instability

f

f
Rangdom *‘*’?4“%‘ PSD [_\

f
Rangdom Nose
plus QTQWMPSDM landing

harmonic f gear

Armaments
and
weapons
bay doprs

Figure 5 - Categorization of planar waves in inlets
6.2.2.2.2 Estimating Loss of Stability Pressure Ratio for Engines or Compression Components

The sensitivity of engines or compression components to planar waves can be obtained from engine tests, component tests,
and/or some combination of engine-transient-cycle models and higher-fidelity compression-component models that will
represent the impact of planar waves on the operating line and on the stability limit line of a compression component.

If an engine is subjected to planar waves of the frequency expected in flight, then the phasing between the impacts on the
stability limit line and the operating line is inherent in the resulting test data. The stability-limit-line sensitivity to planar waves
can extend to frequencies commensurate with the 50% to 100% 1/rev speed of the engine while the impact of planar waves
on the operating line is mainly through the fuel control, which can respond to sensor inputs only up to approximately 20 Hz.
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The sensitivity of compression components to planar waves requires addressing both the stability-limit-line and the
operating-line effects separately. Tests have been defined for obtaining stability-limit-line effects (AIR1419). The
operating-line effects can be estimated using the engine-transient-cycle model with the measured planar waveform as input
(Reference 2.1.2.1).

The key to making robust estimates of stability-limit-line loss of stability pressure ratio is to know the manner in which the
sensitivity to planar waves was derived or is being reported, i.e., whether it is based on peak-to-peak amplitude, rms
amplitude, or the sinusoidal amplitude (sometimes inaccurately referred to as half amplitude).

The following information can be of help when trying to derive planar-wave sensitivities with any of the above categories of
planar wave.

6.2.2.2.3 Estimating the Loss of Stability Pressure Ratio

The loss of stabmty pressure ratio due_to rr_\lan::r WaVES, n-its_maost gannral fnrm, can-be FepF sented by the fo"owing
expression:

APRS = C J Iy UKo ()12 ¢ df (Eq. 22)

where:

C = constant that rdlates the root-mean-square of the loss of stability_pressure ratio to the mjaximum loss of stability
pressure ratio

F = the maximum fr¢quency of interest, typically up to the 1/rev-speed of the compression component
f = frequency within the range of interest (0 to F)
Kpw = component s¢nsitivity to planar waves and is a.fanction of frequency

¢ = power spectral flensity of the waveform formed by the spatial average of the AIP non-difnensional total-pressure
waveform at eag¢h time step

If only a single frequency is present, then the sensitivity Kew is a constant and the above equation|becomes:

APRS =C KPW fOF ¢ df =C KPW ﬁRMS (Eq. 23)

where:

Prums = root-mean-square of the AIP non-dimensional total-pressure waveform about its mean jvalue

If the waveform is a true sinusoid, then C equals 1/0.707.

The planar-wave category will dictate whether Equation 22 or Equation 23 should be used.
An example of applying this type of analysis can be found in Reference 2.1.2.2.

6.3 Total-Temperature Distortion

The equations and figures defining the total-temperature distortion elements are described in the sections below. Additional
information about total-temperature distortion can be found in AIR5867.
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Total-temperature distortion can be described as a spatial variation in total temperature at the AIP and/or a rapid change in
the total-temperature average at the AIP. It is important to define a practical face-average total temperature to act as a base
for determining distortion descriptors. Since engine power is a function of a change of enthalpy and slow total-temperature
changes can affect the compression-system mechanical speeds and matching, the enthalpy-mean total temperature is the
technical preference. Test results have shown that the area-weighted definition is very close to the enthalpy-mean definition.
Total temperature is related to stagnation enthalpy via air mass flow. In a highly distorted inlet, it is difficult to determine the
local airflow in order to calculate the enthalpy distribution. Consequently, the S-16 Committee recommends the area-
weighted definition of face-average total temperature.

Total temperatures at the AIP vary with time. The engine can respond to total-temperature fluctuations at frequencies
corresponding to the full-scale engine rotation speed. However, the frequency response characteristics of sufficiently-robust
total-temperature instrumentation currently available is well below that frequency. To obtain an estimate of the true
time-variant total temperature, observed total-temperature readings must be corrected for probe recovery factor and lag.

6.3.1 Stability Pressure-Ratio-1 oss Carrelation

The distortion-descripto sure ratio, as shown in

Equation 24 with total-te

elements given can be related to the loss of compressor stability. preg
mperature distortion elements.

ATC
T

APRS =¥V, [KTCl-( )i + KTR, (Ag)l + CTi] x 100 (Eq. 24)

where:

APRS = loss of stabhility pressure ratio due to total-temperature distortion, expressed as a pg¢rcent of the undistorted
stability pressure ratjio

N = number of instrymentation rings

KTCi = circumferent

al total-temperature distortion sensitivity of ring i (empirically determined)

KTR = radial total-tg

mperature distortion sensitivity of ring i (empirically determined)
(ATC/T)i = circumfergntial total-temperature distortion intensity of ring i, defined in 6.3.2.1
(ATR/T); = radial total-temperature distortion intensity of ring i, defined in 6.3.2.2

CTi = offset term for|ring i (empirically determined)

The sensitivity and offse
design, and operating g

coefficients will vary with the type of distortion (extent, multiple-per-rev, ef
onditiens. These coefficients are derived from test data and should be

C.), compression system
pof sufficient accuracy to
oss in stability pressure

correlate the effect of cn
ratio for downstream leempression
total-temperature-distortion transfer coefficients.

tical(distortion patterns to within +2% of the stability pressure ratio. The
i caledlated—aceerdingly—through the introduction of

comnanant ata
carcouatca

hao
T

6.3.2 Spatial Total-Temperature Distortion Elements

Inlet spatial total-temperature distortion is described in terms of the circumferential and radial elements. These sections
summarize the calculations of the distortion descriptors and the use of these descriptors in determining the stability margin
for an engine.

In addition, the method for evaluating total-temperature ramp distortion is described, along with that for combined spatial
total-temperature distortion and total-temperature-ramp distortion. More information about total-temperature distortion can
be found in AIR5867.


https://saenorm.com/api/?name=805919586e2e99b4dc7b8b9707134d2c

SAE INTERNATION

AL ARP6420™

Page 20 of 34

total temperature is above the ring-average total temperature.

high total-temperature regions for each ring.

Circumferential Distortion Elements: Circumferential distortion is described in terms of intensity, extent, and multiple-

Intensity: The circumferential distortion intensity (ATC/T) describes the magnitude of the total-temperature rise above

Extent: The circumferential distortion extent element for each ring (6*) is the angular region, in degrees, in which the

Multiple-per-Revolution: The circumferential distortion multiple-per-revolution element (MPR) describes the number of

Radial Distortion Element: The radial distortion intensity element (ATR/T) describes the difference between the

ring-average total temperature and the face-average total temperature for each ring. Both positive and negative values

of radial intensity arg-considered—Positive-vatuesreftectring-average-totat-temperature-thatis;

Ramps: Total-temperature ramps are characterized by a rapid-incred
mperature at the AIP. They can be caused by armament/exhaust'gas or ¢

a.
per-revolution elements.
b.
the average for each ring.
C.
d.
e.
total temperature.
f. Total-Temperature
face-average total te
for example.
6.3.2.1

Circumferential distortio
elements. The intensity
The extent element is
multiple-per-revolution €
temperature.

6.3.2.1.1 One-Per-Re

The “intensity” and “e

temperatures in a givén instrumentation ring. ‘\Example total temperatures for the probes

one-per-revolution patte
circumferential extent of
total temperature (TAV)

Circumferential-Distortion Elements

h is described on a ring-by-ring basis in terms -of intensity, extent, an
pr level of distortion is a numerical indication of'the magnitude of the tots

lement is a numerical indication of the equivalent number of circumferer

v Patterns
tent” elements of circumferential distortion are obtained by linear in
n (one high total-temperature region in 360 degrees) are shown in Figure

the high total-temperature region in ring i. It is defined by the intersection b
and the linear interpolation which subtends the high total-temperature reg

— TAVHI,

above the face-average
se or decrease in the

atapult steam ingestion,

1 multiple-per-revolution
I-temperature distortion.

a numerical indication of the circumferential size of the high total-t¢gmperature region. The

tial regions of high total

terpolation of the total
in the i-th ring for a
6. Theta plus, 6;, is the
etween the ring-average
ion.

Absolute Total Temperature T(0)

AN

TAV,

A

o;

01 0

Circumferential Location (Degrees)

Figure 6 - Ring circumferential distortion for a one-per-rev pattern

360
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where:

Extent: 6 = 0,;, — 0y;

_ ATC TAVHI;—TAV;
Intensity: =
T /i TAV;

Ring Average Total Temperature: TAV; = ! 0360 T(6);do

360

T(0)i is a function resulting from a linear fit between the data points.

6.3.2.1.2

The circumferential-distortion intensity and extent elements for multiple-per-revolution disto
determined by a linear interpolation procedure. A pattern with two high total-temperature regions re

TAVHI; = 9% Jps T(0); dO

Multiple-Per-Rev: MPR; = 1

Multiple-PerrRev Patterns

(Eq. 25)

(Eq. 26)

(Eq. 27)

(Eq. 28)

(Eq. 29)

rtion patterns are also
ative to the ring average

separated by two low tofal-temperature regions of extents 8;; and 6, is shown/in'Figure 7. In all that follows, the analytical
expressions will be writtgn for the k-th high total-temperature region for Q high.total-temperature regions per ring. The extent
and intensity elements gf each high total-temperature region are calculated.using Equations 25 and 26.

ABSOLUTE TOTAL

6.3.2.1.2.1

<o, >< o

TEMPERATURE T(8)

(TAV),

eli eZi eSi e4i
CIRCUMFERENTIAL LOCATION (DEGREES)

Figure 7 - Ring circumferential distortion for a multiple-per-rev pattern

Patterns with 6;, < 6.,

If the pattern has high total-temperature regions circumferentially separated by low total-temperature regions with extents
less than or equal to 6,,,;,,, it is considered as an equivalent one-per-revolution high total-temperature region and the multiple-
per-revolution element is one. 6,,;, is typically specified by the engine manufacturer. A value of 8,,;, of 25 degrees is
suggested in the absence of other information.

Extent: 6} = Y% 6,

From Figure 7, 0 = (65— 0,); + (65 — 04);,
L. (ATC\ _ TAVHI;-TAV;
Intensity: ( . )i =,

(Eq. 30)

(Eq. 31)
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where:

Hence,

6.3.2.1.2.2

1
TAVHI, = <30, f9i+k T, (8); dO

Q [(ATC\ .+

_ ATC Z1<=1[(T)l.k9ik
Intensity: {—— | = ) n
T /i Y=1 Yk

Multiple-Per-Rev = (MPR)i = 1

Patterns with 6;, > 6,

(Eq. 32)

(Eq. 33)

(Eq. 34)

If the pattern has high tg
greater than 6,,;,,, then t

_ (ATC
Intensity T

is the
i

Extent: 8} is the 6}, corfesponding to the maximum value of [(

The multiple-per-revolut
being based on the ratig
is given by the equation

6.3.2.2 Radial Distort

tal-temperature regions circumferentially separated by low total-temperat
he multiple-per-revolution element is greater than one.

ATC
—) 9;(].
T Jig

ATC
), ouf
T Jik

on term is defined as the number of equivalent high total-temperature 1
of the total integrated area above (TAV)iin-Figure 7 to the largest single

ATC

(5

) corresponding to the maximum value of [(
ik

+

Zg:l[(ALTC)ikeik

max[(ﬂTc)ikG

Multiple-Per-Rev: M PR; = "
ik

on Elements

The radial distortion int

face-average total tempegrature, divideéd-by the face-average total temperature. Both positive and
intensity are considered| positive yalues reflect a ring average total temperature that is above thg
hub-radial distortion patfern is shown in Figure 8. The arrow indicates the difference in radial totg
For the general ring, i, the radial intensity is given as

nsity of a ring.is-defined as the difference between the ring-average to

ure regions with extents

egions, the equivalence
area above (TAV).. This

(Eq. 35)

tal temperature and the
hegative values of radial
face average. A typical
| temperature for ring 1.

ATR\ TAV;—TFAV

where:

TFAV = area-weight

L S/
merisity. | =—— =
¥ Ur TFAV

ed face-average total temperature

(Eq. 36)
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For rings at centers of equal area,

TFAV = ~YN  TAV,
N

6.3.3 Total-Temperatyre Distortion Scaling Guidelines

Total-temperature distor
predominate to a conditi

e Case 1 - Buoyancy-

e Case 2 - Buoyancy]
Scaling Cannot Be A

e Case 3 - Exhaust-M
Full-Scale Exhaust |

e Case 4 - Exhaust-M
Mach Numbers)

The scaling relations fdr velocity, total*temperature, frequency, and time ratios for each of th
presented in Table 1. Additional information can be found in AIR5867.

RADIUS

Figure 8 - Hub radial distortion pattern

ion scaling guidelines are presented in Table 1 forfour cases ranging from
bn where momentum effects predominate. These.cases are:

Flux Similitude Predominates over Exhaust<Exit-Mach-Number Similitude

LFlux Similitude Predominates over Exhaust-Exit-Mach-Number Similitu
chieved

hch-Number Similarity Predominates over Buoyancy-Flux Similarity (Near
Nozzle) for Situations where Exact Density Scaling Cannot Be Achieved

pch-Number Similarity:Predominates over Buoyancy-Flux Similarity (Neaf

(Eq. 37)

Hjé (TAV),
W 0
|_
w % é O
§ o H_J §— (ATR)1 0
>
3 <z S - (TFAV)
2zh o
z
O
'_
)
HUB TIP

where buoyancy effects

le where Exact Density

Field and Highly-Choked

Field and High Exhaust

e above four cases are
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Table 1 - Similitude ratios
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6.3.4 Total-Temperature-Ramp Distortion Methodology

The basis for the methodology outlined above to analyze spatial total-temperature distortion is the assumption that
total-temperature distortion can be handled in a manner similar to total-pressure distortion. The data available to evaluate
the applicability of this method substantiate this assumption, as explained in AIR5867. An example which can be used to
understand engine response to total-temperature ramps and assess combined effects of spatial total-temperature distortion
and a total-temperature ramp is described in AIR5867.

The procedure for assessing the stability margin loss caused by combined spatial total-temperature distortion and
total-temperature ramps should account for both engine operating-line and the engine stability-limit-line responses. The
shift in the engine operating line is dominantly caused by the total-temperature ramp (change in the average inlet total
temperature per unit time). The shift in the engine stability limit line is caused by temperature induced changes in compressor
stage matching and varlable geometry mis- schedule These factors are influenced by both spatial total-temperature
distortion (analogous to spatial total-temperature
distortion on the engine $tability limit line can be calculated using the descrlptors and methodology,[((APRS) defined in 6.3.1.

The loss of stability marngin caused by a total-temperature ramp can be assessed using compregsion system and engine
transient models. The mthod also assumes that the loss of engine stability margin due to spatial total-temperature distortion
and total-temperature ramps can be combined.

Time-variant readings of|a set of total-temperature probes are measured at the AIP. Probe readingg are corrected for probe
response time constant.|[A sequence of time slices is analyzed. For each time slicg, the difference etween individual probe
readings and an area-weighted average is used to calculate distortion elements’and/or descriptors (6.3.2) which are used
in empirical formulae to|estimate the loss in stability pressure ratio due td.spatial total-temperatlure distortion. The time-
variation of the area-weighted average of the AIP readings describes a total-temperature ramp.

There is a significant carrected airflow excursion associated with a.total-temperature ramp (Figufe

ramp is analyzed in a sequence of time slices in which the instantaneous distortion is used to degr|
and an engine dynamic gimulation is used to evaluate the transiént operating line. The residual sta
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Figure 9 - Compressor map characteristics with total-temperature distortion
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6.4  Swirl Distortion

Swirl-distortion methodology has not been developed to the point where there is consensus among all interested parties
and thus is not included in this document. The following paragraphs provides a brief description of the characteristics of
inlet distortion due to swirl along with a reference for additional information.

Inlet-flow swirl distortion is a measure of the variation of the circumferential portion of the flow velocity vector at the AIP. It
is characterized in terms of the swirl angle, which is the circumferential angle between an axial vector and the actual flow
velocity vector. The swirl-distortion pattern is representative of the distribution of swirl angle over the AIP.

Many embedded installations of gas turbines are supplied with air through inlet systems that involve one or more tight turns
leading up to the compressor. These inlet systems can generate swirl distortion in all operating conditions. Some
applications with strong crossflows such as lift fans in forward flight will experience swirl distortion during transition
operations. A detailed discussion of sources of swirl distortion at the AIP station of a compressor, along with a proposed
methodology, is presented. i iclis likely to have an impact on
operability and performgnce.

7. THE AERODYNAMIC INTERFACE PLANE GUIDELINES

The Aerodynamic Intefface Plane (AIP) is an interface mutually agreed upon&bétween thg airframer, the engine
manufacturer, and the prfocuring agency/company. The AIP probe and rake arrangement should remain invariant throughout
the life cycle of the propuilsion system. The AIP identifies the location at which thefinlet system aerpdynamic characteristics
are quantified for use by|the engine manufacturer.

The AIP is also the locgtion where a mutually-agreed-upon set of instrimeéntation is defined. Thg type of instrumentation
required (steady-state total-pressure probes, dynamic total-pressure probes, static-pressure probes, flow-angularity probes,
total-temperature probes, etc.) and number of probes are determinéd by the expected inlet flow fi¢ld, the engine geometry
and number of engine flow streams, the aerodynamic flow charagteristics to be measured, and the|space available to fit the
instrumentation while mihimizing the effect on the aerodynamicflow characteristics.
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The AIP should be located in a round or annular section of the inlet/engine face located as near as possible to the engine
face. All the flow and only the flow that enters the engine should pass through the AIP. The AIP should be located so that
the effects of all inlet features, such as auxiliary inlet flow, are measured by the instrumentation suite. Rake and probe
locations and orientations should be consistent between subscale and full-scale test articles. Location of a rake at top dead
center (TDC), as shown in Figure 10, is not a requirement. Pre-test flow analysis and aircraft structural features should
guide selection of appropriate axial and circumferential positions for the probes at the AIP.

7.1 AIP Rake Considerations for Total-Pressure and Planar-Wave Distortion

The AIP rake array should be designed to capture the flow physics to be measured. The recommended minimum
arrangement of measurement probes at the AIP is shown in Figure 10. If the probes are not located at centers of equal
area, calculations must be area-weighted. Where there are outer annular flow streams upstream of the fan, a minimum of
two additional rings should be placed in each annular flow stream. To accurately capture unique flow field effects, the
number of rakes and probes and the spacing of individual rakes and probes can be adjusted with coordinated agreement
between the inlet designer and engine manufacturer

90°

Nomenclature per
ARP246

80

Figure:10 - Probe orientation - view aft looking forward

An equation to calculate|the radiiofthe rings on centers of equal area is:

e
where:

Rin = inner radius

Rout = outer radius

N = number of rings

i = ring number

For the case with no hub (Rin = 0), the above equation simplifies to:

R() = (ﬂ) (E) (Eq. 39)

N 2
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