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FOREWORD

Since aircraft and engine manufacturers began obtaining high-response, inlet-total-pressure data for the purposes of
achieving inlet-engine compatibility, there has been significant interest in making the necessary aerodynamic stability
estimates with smaller data sets than the data set required from a full 40-probe aerodynamic interface plane array as set
forth in ARP1420. The technique for attempting to accomplish this action is called “distortion synthesis/estimation.”

This document provides background information, reviews of literature where such techniques have been employed, and
recommendations for improving the technique and for where the technique might best be employed.

The SAE S-16 Committee welcomes input from both industry and government organizations relative to the contents of this
document.
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1. SCOPE

This document provides a review of published methods that have been used to provide estimates of the levels of distortion
and/or the concomitant loss of stability pressure ratio that can occur when the recommended full complement of
aerodynamic interface plane high-response instrumentation is not used when obtaining inlet data. The methods have been
categorized based on the underlying mathematical representation of the aerophysics. Further, the use of maximum value
statistics, which has been used to further improve the results where short-duration time records have been employed, is
discussed.

2. REFERENCES

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 this publication. 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 Applicable Documents

2.1.1 SAE International Aerospace Recommended Practice, “Gas Turbine Engine Inlet Flow Distortion Guidelines,” SAE
Standard ARP1420B, Reaf. July 2011.

2.2  Applicable References
2.2.1 Bendat, J. S., and Piersol, A. G., Measurement and Analysis of Random Data, Wiley, 1966 pp. 66-67.

2.2.2 Auleha, F., and Schmitz, D. M., “New Trends in Intake/Engine Compatibility Assessment,” AGARD CP-400,
March 1987.

2.2.3 Borg, R., Tamvel, H., and Rosander, G., “A Method to Synthesize Dynamic Distortion Indices Based on Data
Obtained in the 1/10th Scale m87 Inlet Distortion Test at UARL Main Wind Tunnel,” Volvo Flymotor AB Report No.
361-167, May 1973.

2.2.4 Borg, R., Tamvel, H., and Rosander, G., “Test of the Distortion Synthesizing Method Used for Calculation of
Dynamic Distortion Indices for the RMBB Engine Computer Simulator Using Data with Closely Spaced
Instrumentation,” Volvo Flymotor Report No. 361-414, November 1975.

2.2.5 Borg, R. and Rosander, G., “Test of Volvo Flygmotor AB Distortion Synthesis Method Using Inlet Data Obtained
from Pratt & Whitney Florida,” Volvo Flymotor Report No. 361-835, February 1980.

2.2.6 Borg, R., “Synthesis Method for Estimating Maximum Instantaneous Inlet Distortion Based on Measured Inlet
Steady State and RMS Pressures,” AGARD CP-301, September 1981.

2.2.7 Bowditch, D. N., and Coltrin, R. E., “A Survey of Inlet/Engine Distortion Compatibility,” NASA TM-83421, June
1983.

2.2.8 Brilliant, H. M., and Bauer, C. A., “Comparison of Estimated with Measured Instantaneous Distortion Using Flight
Data from an Axisymmetric Mixed Compression Inlet,” AIAA Paper No. 77-876, July 1977.

2.2.9 Eliis, S. H., and Brownstein, B. J., “A Procedure for Estimating Maximum Time-Variant Distortion Levels with
Limited Instrumentation,” AIAA Paper No. 72-1099, December 1972.

2.2.10 Forner, J. A., and Manter, J. M., “Prediction of Cruise Missile Inlet Peak Instantaneous Distortion Patterns from
Steady State and Turbulence Data Using a Statistical Technique,” AIAA Paper No. 82-1085, June 1982.

2.2.11 Gumbel, E. J., “Statistical Theory of Extreme Values and Some Practical Applications,” National Bureau of
Standards, Applied Mathematics Series, No. 33, 1954.
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2.2.12 Jacocks, J. L., “Statistical Analysis of Distortion Factors,” AIAA Paper No. 72-1100, December 1972.

2.2.13 Jacocks, J. L., and Kneile, K. R., “Statistical Prediction of Maximum Time Variant Inlet Distortion Levels,” Arnold
Engineering Development Center Report AEDC-TR-74-121, January 1975.

2.2.14 Liang, D. W., and Zang, S. Y., “The Estimation of the Maximum Instantaneous Distortion from Inlet Total Pressure
and RMS Measurements,” AIAA Paper No. 89-2470, July 1989.

2.2.15 Liang, D. W., and Zang, S. Y., “Improved Method for Estimation of the Maximum Instantaneous Distortion Values,”
Joint Proceedings on Aeronautics and Astronautics, 1993, pp. 33-42.

2.2.16 King, Q. W., and Neumann, H. E., “A Method for Distortion Pattern Synthesis for High Response Data Screening,”
AIAA Paper No. 76-704, July 1976.

2.2.17 Mace, J., and Sedlock, D., “A Perspective on Developing New Inlet Distortion Measurement and Predictive
Methods,” AIAA Paper No. 81-1589, July 1981.

2.2.18 Melick, H. C., Jr., “A Feasibility Study to Define Inlet Flow Quality and Development Criteria,” AFAPL-TR-72-14,
March 1972.

2.2.19 Melick, H. C., “Analysis of Inlet Flow Distortion and Turbulence Effects on Compressor Stability,” NASA Contractor
Report CR 114577, March 1973.

2.2.20 Melick, H. C., and Ybarra, A. H., “Estimating Maximum Instantaneous Distortion from Inlet Total Pressure RMS &
PSD Measurements,” VSD LTV Aerospace Corporation, TR-2-57110/5R-3209 (Report for NASA), March 1975.

2.2.21 Melick, H. C., Ybarra, A. H., and Bencze, D. P., “Estimating Maximum Instantaneous Distortion from Inlet Total
Pressure RMS and PSD Measurements,” AIAA Paper No. 75-1213, September 1975.

2.2.22 Melick, H. C., Ybarra, A. H., and Bencze, D. P., “Estimating Maximum Instantaneous Distortion from Inlet Total
Pressure RMS and PSD Measurements,” NASA TMX-73,145, June 1976.

2.2.23 Melick, H. C., Ybarra, A. H., and Bencze, D. P., “Estimating Maximum Instantaneous Distortion from Inlet Total
Pressure RMS Measurements,” AIAA Paper No. 78-970, July 1978.

2.2.24 Motycka, D. L., “Determination of Maximum Expected Instantaneous Distortion Patterns from Statistical Properties
of Inlet Pressure Data,” AIAA Paper No. 76-705, July 1976.

2.2.25 Sanders, M. E., “An Evaluation of Statistical Methods for the Prediction of Maximum Time-Variant Inlet Total
Pressure Distortion,” AIAA Paper No. 80-1110, July 1980.

2.2.26 Sanders, M. E. and Christenson, R. J., “An Evaluation of Statistical Methods for the Prediction of Maximum Time-
Variant Inlet Total Pressure Distortion,” AEDC-TR-79-77, September 1980.

2.2.27 Schweikhard, W. G., and Chen, Yen-Sen, “Literature Search of Publications Concerning the Prediction of Dynamic
Inlet Flow Distortion and Related Topics,” NASA Contractor Report 3673, February 1983.

2.2.28 Schweikhard, W. G., Chen, Y., and Schweikhard, K., “Prediction of Dynamic Distortion Using a Minimum of
Dynamic Pressure Measurements,” AIAA Paper No. 83-1413, June 1983.

2.2.29 Sedlock, D., “Improved Statistical Analysis Method for Prediction of Maximum Inlet Distortion,” AIAA Paper No.
84-1274, June 1984.
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