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SUMMARY

An overview of the NASA YF-12 program is presented. Discussion items include

a brief program history, a description of the airplane, and a review of the research

program. The project organization is described. Major accomplishments are
identified.

INTRODUCTION

NASA's long-standing interest in supersonic research dates back to early

programs of its predecessor agency, NACA. Flight research with rocket-powered

airplanes started with the historic first supersonic flight of the Bell X-1 and

continued with the first Mach 2 flight made by the D-558, the first Mach 3 flight

made with the X-2, and finally with the present world's record Mach 6.7 flight of
the X-15.

Although these airplanes with their short duration flights provided much needed

aerodynamic, stability, control, and structures data, a void still existed for

information about airbreathing propulsion systems and thermal effects in the long

duration supersonic cruise environment. Some of the questions were addressed to

varying degrees with the advent of the F-104, B-58, and XB-70 airplanes, but of

all these, only the B-58 airplane could cruise for any significant period of time at
or above Mach 2.

The existence of the YF-12 airplane was announced by President Johnson

in 1964, and in 1965 the airplane demonstrated its sustained Mach 3 cruise capability

by setting several speed and altitude records. Originally designed as an interceptor,

using a predecessor to the Phoenix Radar/Missile Armament System, the aircraft

evolved into the SR-71 reconnaissance vehicle after the cancellation of the interceptor

program.

The YF-12 airplane, shown in figure 1, was designed to cruise at speeds in



excess of Math 3 and at altitudes above 24,000 meters. Since it was originally
intended to serve as a long range interceptor, its design was optimized for high
speed cruise, not for maneuverability. To satisfy the range objective, the airplane
was rather large in size, but surprisingly light in weight, and these two factors
combined to produce a very flexible airplane. Table 1 provides a list of other
pertinent physical characteristics of the YF 12 airplane.

Several of the more interesting aspects of the airplane were dictated by the high-
speed, high-altitude design objectives. For example, a satisfactory material had to

be found that would withstand average skin temperatures in the range of 550 K, and
even higher temperatures inside the inlets. Titanium was chosen but mueh pioneering
work was required in order to work with this new material. A unique structural
design concept required to handle the thermal effeets led to the multispar beaded
skin structure.

The high speed also necessitated a unique propulsion system design. To achieve
satisfactory performance, a mixed-compression inlet (fig. 2) was required. A
rather modest engine compression ratio was selected since, at cruise conditions, the
inlet would provide most of the compression. A variable engine cycle was also
developed. The high-speed mode of operation bled some of the air from the fourth

stage compressor around the engine and directly into the afterburner (fig. 3).

Two versions of the YF-12 airplane were used in the NASA program: aYF-12A
identified by its round nose and a YF-12C on which the chine is carried forward to
the nose of the airplane. There are some other differences in external and internal

configurations; however, there are also many similarities in the two airplanes since
they share common inlet designs, structural concepts, and subsystems. In general,
each of the two airplanes was dedicated to particular classes or types of research,
and some of the symposium papers will refer to one or the other of the two. However,
usually the distinction between them is not highly significant.

Many characteristics made the YF-12 airplanes ideal for supersonic cruise
research. After removal of the radar and missile systems, a large internal volume

was available for instrumentation. The mixed-compression inlet was the same type
that 'all cruise airplanes designed for speeds in excess of Math 2 will have to use.

The larger size of the airplane made it possible to measure boundary layer behavior
at realistie Reynolds numbers. The high temperature structurM design was well
suited to verify various analytical techniques and its titanium material will probably
be used on many airplanes in the future. Its flexibility made it useful for structural
dynamics studies. Finally, just flying that high and that fast advanced the state of

the art in air data systems, flight controls, and even the understanding of the physics
of the upper atmosphere.

NASA's involvement with the YF-12 program began during the early wind tunnel
tests conducted by Lockheed in NASA facilities. Subsequently, two NASA
representatives were assigned to the Category II testing of the SR-71 conducted by
the U.S. Air Force. During the Category II tests, the NASA personnel were involved
with the stability, control, and propulsion aspeets of the tests, and in following the
testing of the airplane, they recognized that much was left to be learned about the

operation of Math 3 airplanes. During the early phases of the development, many
problems were "worked around" rather than being fully understood. It must be

recognized that this was a very legitimate method of achieving the goal, which was
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to provide a usable system to the military services, tlowever, that approach did not
necessarily provide the in-depth understanding and technology needed to build a
better airplane the next time. An example of the "work around" approach was found
in the autopilot. In the initial operationM autopilot somemodes were not us_l_le _t
cruise conditions. While this did not hamper the military mission, it is _flmc_._t
mandatory to have a full-envelope autopilot capability for _ sul)e_s(mi(_tr_ln_port.

In the late 1960's, several factors combined to provide the impetus for a YF-12
flight research program. There were anumberofYF-12 _drplanes in storage
becauseof the decision against their production, and there was a strong interest in
building an American supersonic transport. The XB 70program was demonstr_ting
that somesupersonic cruise airplanes can have very serious problems. NASAwas
involved with the SR-71 testing, and the U.S. Air Force recog'nized that more
information was needed about high-speed, high-altitude interceptor c;_pabilities and
limitations. These factors, combined with the vision of perceptive and dynamic

people in both NASA and the U.S. Air Force, caused the joint NASA/I_SAF program
to be undertaken.

PROGRAM ELEMENTS

As originally formulated, the major thrust of the NASA program was to have
been in the area of propulsion technology, or, more specifically, inlet behavior,
since the achievement of maximum inlet performance was one of the major problems
encountered during the development of the airplane. In addition, concern about
unstart margins, drag, distortion effects, control parameters, air data rcquir_ments,

bleed system effects, and off-design behavior all suggested that the mixed
compression inlet offered a very fruitful area for research. This conclusion was
further substantiated by the airframe and propulsion system interactions encountered
on the XB-70 airplane. Thus, the prime objective of the YF 12 prog'r_,m w_s to be
the advancement of state-of-the-art technology in mixed-compression inlets. Of
necessity the effort was a combination of wind tunnel, analytical, and flight research,
and at the time there were probably very few people who anticipated the difficulties
involved in the task, especially the problems associated with high temperature
instrumentation.

Initially, the propulsion research was delayed by flight instrumentation problems.
However, researchers used this delay to advantage by also formulating a structures

research program to make use of the fact that the airplane was well suited to this
type of research. The structures program was intended to validate state-of-the-art

analytical tools, and it presented a unique opportunity to address the problems of
separating thermal stresses from aerodynamic load effects and the instrumentation
problems associated with titanium structures. Many of the findings of the structures
program were reported in a symposium held in 1974.

While the major program goals centered on structures research and propulsion/
inlet studies, the usefulness of the airplane as an experimental test bed was becoming
recognized. A wide range of aerodynamic experiments was soon formulated to
address such items as flow field effects, drag, skin friction, heat transfer, boattail
drag, and surface discontinuity drag.



A number of other experiments were also conducted. Although someof them
are difficult to categorize into any one of the classical disciplines, they included a
validation of analytical methods for predicting landing gear dynamics, the evaluation
of a maintenance monitoring and recording system, the measurement of engine
effluents for pollution studies, and noise suppression tests. Table 2 contains a
list of the major YF-12 activities. Those activities reported in this symposium are
indicated by an asterisk.

Throughout the course of the program, many assets were accumulated. These
assets, listed in table 3, point out the depth of the research program. They also
graphically demonstrate the fact that the airplanes were used as a research facility
akin to a wind tunnel for a very wide range of activities.

PROGRAMPARTICIPATION

It is important to note that the YF-12 program was a NASA program as opposed to
an Ames Research Center, Langley Research Center, Lewis Research Center, or
Dryden Flight Research Center program. Every aeronautical Center participated in
the program with the efforts of each Center complementing the efforts of the others

(fig. 4). The program also had unique, strong, and continuing support from NASA
headquarters, and the U.S. Air Force was an active partner in the program,

providing logistics support and playing an active role in formulating technology
experiments. Lockheed Aircraft Company also played an important role in making
the program successful.

No discussion about the YF-12 program can be complete without mention of the
special access security system. The agreement with the U.S. Air Force at the
initiation of the program placed operations on a day-to-day basis within a special
access system. Data generated from the program could be released under the
conventional security classification system only after a review and approval by the
U.S. Air Force. The special access requirement has had a tremendous impact on the
manner in which the YF-12 program conducted its business. Maintaining a balance
between the protection of sensitive material and the dissemination of technology to
potential users has been and continues to be a difficult task.

CONCLUDING REMARKS

The accomplishments of the YF-12 program are difficult to analyze on a short-
term basis, since the real significance of the research will be measured in its effect
on airplanes built in the years from 1985 to 1990 or beyond. However, in the short

term it is possible to say that over 125 reports (see bibliography) have been
published, a structures symposium was conducted in 1974, and now the present
symposium is consolidating much, although not all, of the other research findings
of the program. Certainly the YF-12 program has been an important contribution
to this nation's long-term aeronautical capabilities.

The program has now been cancelled and the last research flight will occur before
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March 1979. Itis unnecessary to go into the many reasons for this action; however,

itis the feeling of allpersonnel associated with the program that the need for the

capabilities of these airplanes has not disappeared. Even though circumstances have

prevented active participation by industry in the program to the extent many would

have wished, the objective of the program has always been to provide and update

the tools and data needed to perform the numerous aeronautical design tasks.

The present symposium will document some of the technological advancements
pertaining to supersonic cruise airplanes and certain other types of airplanes. All
of the questions have not been answered. In fact, many of the questions have not
yet been formulated. Symposium attendees are encouraged to listen to the papers
and consider what more should be done. Is enough really known about inlets? What
more must be learned about structural dynamics? How can drag be predicted more
accurately? How can weight be reduced? These are some of the more obvious
questions but there are many more as well.

Even though the YF-12 program is ending, supersonic airplane research should
not end. The closing session of the symposium will focus on the direction supersonic
research will take from this point. Comments from the participants are welcomed.



YF- 12BIBLIOGRAPHY

.

.

.

.

.

.

.

.

.

10.

11.

12.

Propulsion

Albers, James A.: Status of the NASA YF-12 Propulsion Research Program.
NASA TM X-56039, 1976.

Albers, James A.; and Olinger, Frank V.: YF-12 Propulsion Research Program
and Results. Proceedings of the SCAR Conference, Nov. 1976, NASA CP-001,

Part 1, pp. 417-456.

Anderson, J. Thomas; Martin, Robert K.; and Shibata, Harry H.: 1/3 Scale
Inlet Model Tests Results. Vol. I -- Test Definition and Steady State Data
Presentation. NASA CR-114702, 1974.

Anderson, J. Thomas; andEdson, Ralph D.: 1/3 Scale Inlet Model Test Results.
Vol. II -- Dynamic Data Analysis. NASA CR-114703, 1974.

Anderson, J. Thomas; Martin, Robert K.; and Shibata, Harry H.: 1/3 Scale
Inlet Model Test Results. Vol. III -- Tabulated Steady State Data.
NASA CR-114704, 1974.

Arnaiz, Henry H.; and Gray, Michael: In-Flight Inlet Airflow Measuring
Techniques for aYF-12C Airplane. NASATM-72850, 1977.

Bauer, Carol A.; and Montoya, Earl J.: Local Inlet Flow Measurements for
the YF-12C Aircraft Using a Conical Spike Tip Sensor.
NASA TM-72848, 1977.

Blausey, G. E.; Coleman, D. M.; and Harp, D. S.: Feasibility Study of Inlet
Shock Stability System of YF-12. NASA CR-134594, 1972.

Brilliant, Howard M.; and Bauer, Carol A.: Comparison of Estimated With

Measured Maximum Instantaneous Distortion Using Flight Data From an
Axisymmetric Mixed Compression Inlet. AIAA Paper 77-876, July 1977.

Bureham, Frank W., Jr. ; and Bellman, Donald R.: A Flight Investigation of
Steady-State and Dynamic-Pressure Phenomena in the Air Inlets of Supersonic
Aircraft. Inlets and Nozzles for Aerospace Engines, AGARD CP-91-71,
Paper 24, Dee. 1971.

Burcham, Frank W.; Holzman, JonK.; and Reukauf, PaulJ.: Preliminary
Results of Flight Tests of the Propulsion System of a YF-12 Airplane at Mach
Numbers up to 3.0. AIAA Paper 73-1314, Nov. 1973.

Burcham, FrankW., Jr.; Montoya, EarlJ.; and Lutschg, Phillip J.:
Description of YF-12C Airplane, Propulsion System, and Instrumentation
for Propulsion Research Flight Tests. NASATM X-3099, 1974.

13. Campbell, D. H.: F-12 Inlet Development. SAE Paper 740831, Oct. 1974.



14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Campbell, D. H.: F-12 Series Aircraft Propulsion System Performance and
Development. AIAA Paper 73-821, Aug. 1973.

Cole, Gary L. ; Cwynar, David S.; and Geyser, Lucille C.: Wind-Tunnel
Evaluation of the Response of a YF-12 Aircraft Flight Inlet to Internal Airflow
Perturbations by Frequency-Response Testing. NASA TM X-3141, 1974.

Cole, Gary L.; Dustin, Miles O.; and Neiner, George H.: A Throat-Bypass
,J

Stability System for a YF-12 Aircraft Research Inlet Using Self-Acting
Mechanical Valves. NASA TM X-71779, 1975.

Cole, Gary L.; Dustin, Miles O.; and Neiner, George H.: A Throat-Bypass
Stability System Tested in aYF-12 Inlet. J. Aircraft, vol. 14, no. 1,

Jan. 1977, pp. 15-22.

Cole, Gary L.; Neiner, George H.; and Dustin, Miles O.: Wind-Tunnel
Steady-State Performance of a YF-12 Aircraft Flight Inlet Modified by a
Throat-Bypass Stability-Bleed System. NASA TM-73802, 1979.

Cole, Gary L.; Sanders, Bobby W.; and Neiner, George H.: Wind-Tunnel
Performance of a YF-12 Aircraft Flight Inlet Modified by Various Stability-
Bypass Porous-Bleed Configurations. NASA TM-73801, 1979.

Cubbison, Robert W.: Effects of Angle of Attack and Flow Bypass on Wind-
Tunnel Performance of an Isolated Full-Scale YF-12 Aircraft Inlet at Mach
Numbers Above 2.075. NASA TM X-3140, 1978.

Cubbison, Robert W. : Wind-Tunnel Performance of an Isolated Full-Scale
YF-12 Inlet at MachNumbers Above 2.1. NASA TM X-3139, 1978.

Dustin, Miles O.; Cole, Gary L.; and Neiner, George H.: Continuous-Output

Terminal-Shock-Position Sensor for Mixed-Compression Inlets Evaluated
in Wind-Tunnel Tests of YF-12 Aircraft Inlet. NASA TM X-3144, 1974.

Dustin, Miles O.; and Neiner, George H.: Evaluation by Step Response Tests
of Prototype Relief Valves Designed for YF-12 Inlet Stability Bleed System.
NASA TM X-3262, 1975.

Duvall, Gilliam E. ; and Arnaiz, Henry H.: Effects of Compressor Face
Distortion on the Airflow Characteristics of a J58 Turbojet Engine.
NASA TM-72847, 1977.

Gawienowski, John J. : Survey of Local Airflow Characteristics at the Plane
of the Cowl Lip of the Left Inlet of a 1/12-Scale Model of the YF-12 Supersonic
Aircraft: A Data Report, Two Volumes. NASA TMX-62483, 1975.

Herrick, Paul W.: J58/YF-12 Ejector Nozzle Performance. SAE Paper 740832,
Oct. 1974.

Johnson, Harold J. ; and Montoya, Earl J.: Local Flow Measurements at the Inlet
Spike Tip of a Mach 3 Supersonic Cruise Airplane. NASA TN D-6987, 1973.

9



28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Ladd, J. M.: Airflow Calibration of a J-58 Engine at Simulated Supersonic
Conditions. NASATMX-71797, 1975.

Lewis Research Center: Wind-Tunnel Installation of Full-Scale Flight Inlet
of YF-12 Aircraft for Steady-State and Dynamic Evaluation.
NASA TM X-3138, 1974.

Neiner, George H.; Arpasi, Dale J.; and Dustin, Miles O.: Wind-Tunnel

Evaluation of YF-12 Aircraft Inlet Control System by Frequency-Response

and Transient Testing. NASA TM X-3142, 1975.

Neiner, George H.; Dustin, Miles O.; and Cole, Gary L.: A Throat-Bypass
Stability-Bleed System Using Relief Valves to Increase the Transient
Stability of a Mixed-Compression Inlet. NASA TP-1083, 1978.

Neiner, George H.; Dustin, Miles O.; and Cole, Gary L.: Mechanical
Characteristics of Stability-Bleed Valves for a Supersonic Inlet.
NASA TM X-3483, 1977.

Neiner, George H.; Seidel, Robert C.; and Arpasi, Dale J.: Wind-Tunnel
Evaluation of Experimental Controls on YF-12 Aircraft Flight Inlet by
Frequency-Response and Transient Testing. NASA TM X-3143, 1975.

Olinger, FrankV.; Shibata, Harry H.; andAlbers, James A.: Local Flow
Measurements at the InletPlane of a 1/12-Scale Model of the YF-12C

Airplane. NASA TM X-3435, 1976.

Olinger, Frank V.; Taillon, Norman V.; and Reukauf, Paul J.: Some
Flight-Measured YF-12 Inlet Performance Characteristics at Design and
Off-Design MachNumbers. NASA TM-72849, 1977.

Reukauf, Paul J. : Preliminary Flight Investigation of a YF-12A Mixed
Compression Inlet. NASA TM X-56040, 1976.

Reukauf, Paul J.; and Burcham, Frank W., Jr.: Propulsion System/Flight
Control Integration for Supersonic Aircraft. Proceedings of the SCAR
Conference, Nov. 1976, NASA CP-001, Part 1, pp. 281-302.

Reukauf, PaulJ.; Burcham, Frank W., Jr.; and Holzman, Jon K.: Status

of a Digital Integrated Propulsion/Flight Control System for the YF-12
Airplane. AIAAPaper 75-1180, Sept. 1975.

Reukauf, PaulJ.; Schweikhard, William G.; and Arnaiz, Henry H.:
Flight-Test Techniques for Obtaining Valid Comparisons of Wind-Tunnel
and Flight Results From Tests on a YF-12 Mixed-Compression Inlet.
AIAAPaper 74-1195, Oct. 1974.

Schweikhard, William G.: Test Techniques, Instrumentation, and Data
Processing. Distortion Induced Engine Instability, AGARD-LS-72,
Oct. 1974, pp. 6-1--6-43.

10



41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

Sehweikhard, William G.; and Cubbison, Robert W.: Preliminary Results From

Wind Tunnel and Flight Tests of the YF-12 Propulsion System.

NASA TM X-56016, 1973.

Schweikhard, William G.; and Montoya, Earl J.: Research Instrumentation

Requirements for Flight/Wind-Tunnel Tests of the YF-12 Propulsion System

and Related Flight Experience. Instrumentation Ibr Airbreathing Propulsion,

AllenE. Fuhs and MarshaliKingery, eds., TheMIT Press (Cambridge,

Mass.), c. 1974, pp. 19-39.

Schweikhard, William G.; and Montoya, Earl J.: Research Instrumentation

Requirements for Flight/Wind-Tunnel Tests of the YF-12 Propulsion System

and Related Flight Experience. NASA Paper Presented at Symposium on

Instrumentation for Airbreathing Propulsion, Monterey, Calif. ,

Sept. 19-21, 1972.

Smeltzer, Donald B.; Smith, RonaldH.; and Cubbison, Robert W.:

Wind Tunnel and Flight Performance of the YF-12 Inlet System.

AIAA Paper 74-621, July 1974.

Smith, R. H.; and Burcham, F. W., Jr.: Instrumentation for In-Flight

Determination of Steady-State and Dynamic Inlet Performance in Supersonic

Aircraft. Instrumentation for Airbreathing Propulsion, Allen E. Fuhs and

Marshall Kingery, eds., The MIT Press (Cambridge, Mass.), c. 1974,
pp. 41-58.

Smith, Ronald H.; and Bauer, CarolA.: Atmospheric Effects on the Inlet System

of the YF-12 Aircraft. NASA Paper Presented at the Eleventh National

Conference on Environmental Effects on Aircraft and Propulsion Systems,

Trenton, N.J., May 21-22, 1974.

Taillon, Norman V.: Steady-State Inlet Recovery and Distortion of the

YF-12C Airplane. NASA TM x-3382, 1976.

Webb, JohnA., Jr.; Mehmed, Oral; and Hiller, Kirby W.: Improved Design

of a High-Response Slotted-Plate Overboard Bypass Valve for Supersonic

Inlets. NASA TMX-2812, 1973.

Webb, John A., Jr. ; and Dustin, Miles O.: Analysis of a Stability Valve

System for Extending the Dynamic Range of a Supersonic Inlet.
NASA TM X-3219, 1975.

Webb, W. L.: Turbine Gas Temperature Measurement and Control System.

NASA CR-140971, 1973.

Webb, W. L.; and Reukauf, P. J.: Development of a Turbine Inlet Gas

Temperature Measurement and Control System Using a Fluidic Temperature

Sensor. AIAAPaper 73-1251, Nov. 1973.

Webb, W. L.; and Zewski, G. J.: J58 Cooperative Control System Study.

Vols. I, If, and Ill. NASA CR-121195, 1973.

ii



53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

Yanagidate, Craig: Tuft Study of the Local Flow Around the Nacelle of the
YF-12AAirplane. NASA TM X-56035, 1975.

Bales, Thomas T.; Hoffman, Edward L.; Payne, Lee; and Carter, Alan L.:
Fabrication and Evaluation of Advanced Titanium and Composite Structural
Panels. Proceedings of the SCAR Conference, Nov. 1976, NASA CP-001,
Part 2, pp. 783-797.

Brooks, William A., Jr. ; and Dow, Marvin B.: Service Evaluation of Aircraft

Composite Structural Components. NASA TM X-71944, 1973.

Carden, Huey D.; andMcGehee, John R.: Validation of a Flexible Aircraft

Takeoff and Landing Analysis/FATOLA/Computer Program Using Flight
Landing Data Structures -- 18th Structures, Structural Dynamics and Material
Conf., and Dynamics Specialist Conf. Technical Papers, Vol. B, American
Inst. Aeronaut. and Astronaut., Inc., 1977, pp. 83-88.

Carter, Alan A.: Assessment of Recent Loads Analysis Methods as Applied
to a Mach 3 Cruise Airplane. NASA YF-12 Flight Loads Program.
NASA TM X-3061, 1974, pp. 625-645.

Cooper, PaulA.; and Heldenfels, Richard R.: NASA Research on Structures
and Materials for Supersonic Cruise Aircraft. NASA TM X-72790, 1976.

Duba, R. J.; Haramis, A. C.; Marks, R. F.; Payne, L.; andSessing, R. C.:
YF-12 Lockalloy Ventral Fin Program, Vol. I., NASA CR-144971, 1976.

Duba, R. J.; Haramis, A. C.; Marks, R. F.; Payne, L.; and Sessing, R. C.:
YF-12 Lockalloy Ventral Fin Program, Vol. II, NASA CR-144972, 1976.

Edinger, Lester D.; Schenk, Frederick L.; and Curtis, Alan R.: Study of

Load Alleviation and Mode Suppression (LAMS) on the YF-12A Airplane.
NASA CR-2158, 1972.

Fields, Roger A.: Strain Gage Measurement of Flight Loads at Elevated

Temperature. NASA YF-12Flight Loads Program. NASA TM X-3061, 1974,
pp. 259-302.

Jenkins, Jerald M: An Introduction to Thermal Effects in Strain Gage Load
Measurement. NASA YF-12 Flight Loads Program. NASA TMX-3061, 1974,
pp. 1-27.

Jenkins, Jerald M.; and Kuhl, Albert E.: A Study of the Effect of Radical

Load Distribution on Calibrated Strain Gage Load Equations.
NASA TM-56047, 1977.

Jenkins, Jerald M.; and Kuhl, Albert E.: Recent Loads Calibration Experience
With a Delta Wing Airplane. NASA Paper Presented at the Fall Meeting of the
Western Regional Strain Gage Committee, Society of Experimental Stress
Analysis, Edwards, Calif., Sept. 28, 1977.

12



66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

Jenkins, Jerald M. ; and Kuhl, Albert E.: Summary of Recent Results

Pertaining to Strain Gage Load Measurement Technology on High Speed
Aircraft. NASAYF-12 Flight Loads Program. NASA TMX-3061, 1974,
pp. 303-323.

Jenkins, JeraldM.; Kuhl, Albert E.; and Carter, Alan L.: Strain Gage
Calibration of a Complex Wing. J. Aircraft, vol. 14, no. 12, Dec. 1977,
pp. 1192-1196.

Jenkins, JeraldM.; Kuhl, Albert E.; and Carter, Alan L.: The Use of a

Simplified Structural Model as an Aid in the Strain Gage Calibration of a
Complex Wing. NASA TM-56046, 1977.

Jenkins, JeraldM.; and Lemcoe, M.M.: Problems Associated With Attaching
Strain Gages to Titanium Alloy Ti-6AI-4V. NASA TM X-56044, 1977.

Kordes, Eldon E.; and Curtis, Alan R.: Results of NASTRAN Modal Analyses
and Ground Vibration Tests on the YF-12 Airplane.
ASME Paper 75-WA/Aero-8, Dec. 1975.

Olinger, Frank V.; Sefic, Walter J.; and Rosecrans, Richard J.:
Laboratory Heating Tests of the Airplane. NASA YF-12 Flight Loads

Program. NASATM X-3061, 1974, pp. 207-257.

Quinn, Robert D.; and Olinger, Frank V.: Flight Temperatures and Thermal
Simulation Requirements. NASA YF-12 Flight Loads Program.
NASA TM X-3061, 1974, pp. 145-183.

Sefic, Walter J. ; and Reardon, Lawrence F.: Loads Calibration of the

Airplane. NASA YF-12 Flight Loads Program.
NASA TM X-3061, 1974, pp. 61-107.

Vano, Andrew; and Steel, Jon L.: Measurement of Aircraft Structural

Deflections in Flight. NASA YF-12 Flight Loads Program.
NASA TM X-3061, 1974, pp. 109-143.

Wheaton, Duane L.; and Anderson, Karl F.: Laboratory Digital Data
Acquisition and Control System for Aircraft Structural Loading and Heating
Tests. NASAYF-12 Flight Loads Program. NASATM X-3061, 1974,

pp. 185-206.

Wilson, Ronald J. ; Cazier, Frank W. , Jr.; and Larson, Richard R.: Results of

Ground Vibration Tests on aYF-12 Airplane. NASA TM X-2880, 1973.

Wilson, E. J.: Strain Gage Installation on the YF-12 Aircraft. NASA Paper
Presented at Meeting of the Soc. of Exp. Stress Analysis, Los Angeles, Calif. ,
May 13-18, 1973.

Wilson, Earl J.; Cook, Clarence E.; and Anderson, Karl F.: Strain and

Temperature Measurement Techniques. NASA YF-12 Flight Loads Program.
NASA TM X-3061, 1974, pp. 29-59.

13



79. Wilson, RonaldJ.; Cazier, Frank W., Jr.; and Larson, RichardR.:

Results of Ground Vibration Tests on a YF-12 Airplane.
NASA TM X-2880, 1973.

80.

81.

82.

83.

84.

85.

86.

Aerodynamic Performance

Lamb, l_'Hlton; Stallings, Robert L., Jr.; and Richardson, Celia S.:
Aerodynamic Characteristics of 1/25 Scale Model of YF-12 Airplane at

Mach i. 80 to 2.96 With and Without External Instrument Packages and
Flow Field Surveys at Mach 2.96. NASA TM X-2524, 1972.

Larson, Terry J.; andEhernberger, L. J.: Techniques Used for
Determination of Static Source Position Error of a High Altitude Supersonic
Airplane. NASA TMX-3152, 1975.

Larson, Terry J.: Compensated and Uncompensated Nose Boom Static
Pressures Measured From Two Air Data Systems on a Supersonic Airplane.
NASA TM X-3132, 1974.

Montoya, Earl J. : Wind-Tunnel Calibration and Requirements for In-Flight

Use of Fixed Hemispherical Head Angle-of-Attack and Angle-of-Sideslip
Sensors. NASA TN D-6986, 1973.

Powers, Sheryll Goecke: Flight-Measured Pressure Characteristics of

Aft-Facing Steps in High Reynolds Number Flow at Mach Numbers of
2.20, 2.50, and 2.80 and Comparison With Other Data.
NASA TM-72855, 1978.

Redin, Paul C. : Optimization of Transonic Acceleration Performance for the
YF-12C Airplane Using the Climb-Dive Maneuver. NASA TM X-2694, 1973.

Sehweikhard, William G.; and Redin, Paul C.: Altimetry, Performance, and
Propulsion Problems of High-Altitude Supersonic Cruise Aircraft.

Proceedings of NASA Aircraft Safety and Operating Problems Conf. ,
May 1971, Vol. II, NASA SP-270, pp. 7-23.

87.

88.

89.

Stability and Control

Bailey, Rodney O.; Petroff, Daniel N.; and Shibata, Harry H.: Effect of Inlet/
Airframe Interactions of High Mach Numbers on Aircraft Static Stability
and Control Effectiveness. NASA TM X-62467, 1975.

Berry, Donald T. : Some Handling-Qualities Problems of High-Altitude
Supersonic Cruise Aircraft. Proceedings of NASA Aircraft Safety and
Operating Problems Conf., May 1971, Vol. II, NASA SP-270, pp. 25-38.

Berry, D. T.; and Gilyard, G. B.: Some Stability and Control Aspects of
Airframe/Propulsion System Interactions on the YF-12 Airplane.
ASME Paper 73-WA/Aero-4, Am. Soc. Mech. Eng., Nov. 1973.

14



90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

Berry, Donald T.; and Gilyard, Glenn B.: Airframe/Propulsion System
Interactions -- An Important Factor in Supersonic Aircraft Flight Control.
AIAA Paper 73-831, Aug. 1973.

Berry, Donald T. and Gilyard, Glenn B.: A Review of Supersonic Cruise

Flight Path Control Experience With the YF-12 Aircraft. Proceedings of
NASA Aircraft Safety and Operating Problems Conf. , NASA SP-416,
1976, pp. 147- 163.

Berry, Donald T. Mallick, Donald L.; and Gilyard, Glenn B.: Handling

Qualities Aspects of NASA YF-12 Flight Experience. Proceedings of the
SCAR Conf., NASA CP-001, Part 1, 1976, pp. 193-213.

Brown, Stuart C. Computer Simulation of Aircraft Motions and Propulsion
System Dynamics for the YF-12 Aircraft at Supersonic Cruise Conditions.
NASA TM X-62245, 1973.

Gilyard, Glenn B ; and Belte, Daumants: Flight-Determined Lag of Angle-
of-Attack and Angle-of-Sideslip Sensors in the YF-12A Airplane From
Analysis of Dynamic Maneuvers. NASA TN D-3819, 1974.

Gilyard, Glenn B ; Berry, Donald T.; and Belte, Daumants:
Lateral-Directional Airframe/Propulsion System Interaction.
NASA TM X-2829, 1973.

Analysis of a

Gilyard, Glenn B ; Berry, Donald T.; and Belte, Daumants: Analysis of a
Lateral-Directional Airframe/Propulsion System Interaction of a Mach 3
Cruise Aircraft. AIAA Paper 72-961, Sept. 1972.

Gilyard, Glenn B ; and Hill, Donald K.: Flight-Determined Longitudinal and
Lateral-Directional Derivatives of the YF-12A Airplane.
NASA TM-72852, 1978.

Gilyard, Glenn B.; Smith, John W.; and Falkner, Victor L.: Flight Evaluation
of a Mach 3 Cruise Longitudinal Autopilot. AIAA Paper 74-910, Aug. 1974.

McMaster, John R.; and Schenk, Frederick L.: The Development of the

F-12 Aircraft Flight Control System. AIAA Paper 73-822, Aug. 1973.

Powers, Bruce G.; Phugoid Characteristics of a YF-12 Airplane With
Variable-Geometry Inlets Obtained in Flight Tests at a Mach Number of 2.9.
NASA TP-1107, 1977.

Schweikhard, William G.; and Berry, Donald T.: Cooperative Airframe/

Propulsion Control for Supersonic Cruise Aircraft. SAE Paper 740748,
Apr. 1974.

Schweikhard, William G. ; Gilyard, Glenn B. ; Talbot, J. E. ; and

Brown, T. W.: Effects of Atmospheric Conditions on the Operating
Characteristics of Supersonic Cruise Aircraft. I.A.F. Paper 76-112,
Internat. Astronaut. Fed., Oct. 1976.

15



103.

104.

Scoggins, JamesR.; Clark, Terry L.; and Possiel, Norman C.:
Relationships Between Stratospheric Clear Air Turbulence and Synoptic
Meteorological Parameters Over the Western United States Between 12-20km
Altitude. NASA CR-143837, 1975.

Smith, John W.; and Berry, Donald T. : Analysis of Longitudinal Pilot-
Induced Oscillation Tendencies of YF-12Aircraft. NASATN D-7900, 1975.

105.

106.

107.

108.

109.

110.

111.

112.

113.

Environmental Factors

Ehernberger, L. J.: High Altitude Turbulence Encountered by the
Supersonic YF-12A Airplane. NASA Paper Presented at AMS Sixth
Conference on Aerospace and Aeronautical Meteorology, Nov. 1974.

Ehernberger, L. J.; and Love, Betty J.: High Altitude Gust Acceleration
Environment as Experienced by a Supersonic Airplane.
NASA TN D-7868, 1975.

Farlow, N. H.; Watson, V. R.; Loewenstein, M.; Chan, K. L.;
Hoshizaki, H.; Conti, R. J.; and Meyer, J. W.: Measurementsof Supersonic
Jet Aircraft Wakesin the Stratosphere. NASA Paper Presented at Second
Intern. Conf. on the Environmental Impact of Aerospace Operations in High
Atmosphere, Am. Meteorology Soc., 1974, pp. 53-58.

Holdeman, James D.: Dispersion of Turbojet Engine Exhaust in Flight.
NASA TN D-7382, 1973.

Holdeman, J. D.: Dispersion and Dilution of Jet Aircraft Exhaust at

High-Altitude Flight Conditions. J. Aircraft, vol. 11, no. 8,
Aug. 1974, pp. 483-487.

Holdeman, James D.: Emission Calibration of a J-58 Afterburning Turbojet
Engine at Simulated Supersonic Stratosphere Flight Conditions.
TMX-71571, 1974.

Holdeman, J. D.: Emission Calibration of a J-58 Afterburning Turbojet

Engine at Simulated Supersonic, Stratospheric Flight Conditions. Second

Intern. Conf. on the Environmental Impact of Aerospace Operations in the

High Atmosphere, Am. Meteorology Soc., 1974, pp. 66-72.

Holdeman, James D.: Exhaust Emission Calibration of Two J-58 Afterburning

Turbojet Engines at Simulated High-Altitude, Supersonic Flight Conditions.
NASA TN D-8173, 1976.

Holdeman, James D.: Gaseous Exhaust Emission From a J-58 Engine at

Simulated Supersonic Flight Conditions. NASA TM X-71532, 1974.

16



114.

115.

Holdeman, James D.: Measurement of Exhaust Emissions From Two J-58Engines

at Simulated Supersonic Cruise Flight Conditions. NASA TM X-71826, 1976.

Maglieri, DomenicJ.; Huckel, Vera; and Henderson, Herbert R.:
Sonic-Boom Measurements for SR-71 Aircraft Operating at Mach Numbers
to 3.0 and Altitudes to 24,384 Meters. NASA TN D-6823, 1972.

116.

117.

118.

119.

Human Factors

Muckler, Fred; Obermayer, RichardW.; and Nicklas, Douglass R.:
Pilot Performance Measurement Study. Final Technical Report. Manned
Systems Sciences. NASA CR-143842, 1977.

Nieklas, Douglass R.: Pilot Performance Measurement Study, I. YF-12
Mission Evaluation and Task Analysis. Manned System Sciences,
June 1973.

Obermayer, RichardW.: Pilot Performance Measurement Study, II. Data
Collecting and Processing. Manned Systems Sciences, Feb. 1973.

Obermayer, RichardW.: Pilot Performance Study, III. Measurement
Development. Manned Systems Sciences, May 1973.

120.

121.

122.

123.

124.

125.

126.

General

Johnson, Clarence L.: Some Development Aspects of theYF-12A Interceptor
Aircraft. AIAA Paper 69-757, July 1969.

Love, James: Flight Test Results of an Automatic Support System Onboard a

YF-12A Airplane. Automatic Support Systems for Advanced Maintainability.
Inst. Elec. and Electron. Eng., 1974, pp. 211-220.

Love, James E. ; Fox, William J. ; and Wicklund, Edward J. : Flight Study of

aVehicle Operational Status and Monitoring System. NASA TN D-7546, 1974.

Matranga, Gene J.: Background Information on Operating Problems of High-
Altitude Supersonic Cruise Aircraft. Proceedings of NASA Aircraft Safety
and Operating Problems Conf., May 1971, Vol. II, NASA SP-270, pp. 1-5.

Matranga, Gene J.; and Fox, WilIiam J.: YF-12A Development and Operational
Experience. Design Conference Proceedings, Feb. 1976, AFWAL,
Vol. I.

McMaster, John R.; and Schenk, Frederick L.: The Development of the

F-12 Series Aircraft Manual and Automatic Flight Control System.
AIAA Paper 73-822, Aug. 1973.

Miller, Richmond L., Jr.: Flight Testing theF-12 Series Aircraft.
AIAA Paper 73-823, Aug. 1973.

17



127.

128.

Rich, Ben R.: F-12 Series Aircraft Aerodynamic and Thermodynamic Design
in Retrospect. AIAAPaper 73-820, Aug. 1973.

Rich, Ben R.: F-12 Series Aircraft Aerodynamic and Thermodynamic Design
in Retrospect. J. Aircraft, vol. II, no. 7, July 1974, pp. 401-406.

18



TABLE I.--YF-12 SPECIFICATIONS

Wing -
Area, ill 2 ............................................................... 166.761

Aspect ratio .............................................................. 1.939

Root chord, m ........................................................... 18.542

Tip chord, m ................................................................ 0

Span, m ................................................................ 17.983

Dihedral, deg ................................................................ 0

hlcidence, deg ............................................................. 1.20

Airfoil (modified biconvex), percent ............................................. 2.5

Sweep, deg .............................................................. 52.629

Mean aerodynamic chord at W.S. 118.0, in ..................................... 12.361

Inboard eleven -

Area (each), m z ............................................................ 3.63

Travel up, deg ............................................................... 35

Travel down, deg ............................................................ 20

OtJtboard eleven -

Area (each), ,112 ........................................................... 4.877
Travel up, deg ............................................................... 35

Travel down, deg ............................................................. 20

Total vertical tail -

Area, m 2 ................................................................ 14.006

Aspect ratio .............................................................. 0.778

Taper ratio ............................................................... 0.392

Root chord, m ............................................................ 6.096

Tip chord, m ............................................................. 2.387

Span, m ................................................................. 3.302

Airfoil (modified biconvex), percent ............................................. 2.5

Sweep, deg .............................................................. 32.207

Mean aerodynamic chord, m ................................................. 4.511

Movable vertical tail -

Area (each), m 2 ........................................................... 6.526

Root chord, m ............................................................ 4.512

Tip chord, m ............................................................. 2.387

Mean aerodynamic chord, m ................................................. 3.559

Span, m ................................................................. 1.892

Travel, deg ................................................................ -+20

Fuselage ventral fin -

Area, 1112 ................................................................. 6.735

Root chord, m ............................................................ 4.178

Tip chord, m ............................................................. 2.616
Aspect ratio ............................................................... 0.61

Airfoil (modified biconvex), percent ....................................... 3.5 to 2.0
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TABLE 1.--CONCLUDED

Nacelle ventral fin -

Area, m 2 ................................................................. 2.044

Root chord, m ............................................................ 4.248

Tip chord, m ............................................................. 3.266

Airfoil (modified biconvex), percent ............................................. 2.5

Fuselage -

Diameter, m .............................................................. 1.626

Overall length, m ......................................................... 30.986
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TABLE 3.--YF-12 RESEARCH ASSETS

Two highly instrumented aircraft

NASTRAN mode]

FLEXSTAB model

1/12-scale force model tests

1/12-scale oil flow and tuft model tests

I/12-scale pressure model tests

1/25-scale flow survey model tests

Full-scale inlet wind tunnel tests

One-third-scale inlet wind tunnel tests

1/12-scale model inlet flow survey

Airplane/inlet/engine computer model

Inlet/engine computer model

Engine computer model

Engine airflow calibration tests

Engine product of combustion tests in Propulsion Systems Laboratory

Noise tests

Wealth of flight test data

Operational experience
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Figure 1.--YF-12A airplane.
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Spike bleed exit
louvers (4 locations struts (4)

Forward bypass exit
louvers (3 locations

Translating

terbody

ock trap tubes (32)

bypass doors (16)
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doors (24)

-Spike bleed

Figure 2.--Cutaway view of the inlet.
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Figure 3.--J58 engine.
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